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Purpose: Depressive symptoms are frequent nonmotor symptoms that occur in multiple system
atrophy (MSA) patients. However, possible changes that can present in the amygdala (AMY)
functional connectivity (FC) of the brain in MSA patients with depressive symptoms (DMSA
patients) remain largely unknown.

Materials and methods: Resting-state functional magnetic resonance imaging scans were
obtained from 29 DMSA patients, 28 MSA patients without depression symptoms (NDMSA
patients), and 34 healthy controls (HCs). FC was analyzed by defining the bilateral AMY as the
seed region. Correlation analysis was performed between the FC and clinical scores.
Results: When compared with NDMSA patients, DMSA patients showed increased bilateral
AMY FC in the left middle frontal gyrus (MFG) and decreased right AMY FC in the left middle
occipital gyrus. Moreover, the AMY FC values in the left middle frontal cortex were positively
correlated with the Hamilton Depression Rating Scale-17 item scores. Furthermore, relative
to the HCs, DMSA patients presented decreased bilateral AMY FC values in the visuospatial
cortex, sensorimotor networks, and limbic areas.

Conclusion: Depressive symptoms are associated with AMY-MFG FC anomalies in MSA
patients. We propose that the middle frontal cortex may play an important role in the neuro-
pathophysiology of depression in MSA patients.

Keywords: multiple system atrophy, depression, functional magnetic resonance imaging,
functional connectivity, amygdala

Introduction
Multiple system atrophy (MSA) is the most common type of parkinsonian syndrome,
with an incidence of about six to seven individuals affected per 100,000 in the United
Kingdom.' However, although movement disorders have been well defined in previous
studies, nonmotor features such as cognitive impairment and depression in MSA
patients remain underrecognized and, consequently, undertreated. Results from a
recent, relatively large-sample epidemiological survey showed that up to 62% of MSA
patients suffer from depression.? As a result, depression plays a significant role in the
poor quality of life in MSA patients.** Severe depression is associated with increased
disability and the risk of suicide in MSA patients. Exploring depressive symptoms
in MSA patients may further help to avoid misdiagnosis, inappropriate referrals, and
delayed treatment.

Amygdala (AMY) is a pivotal hub of the emotional processing neural system
and is involved in the onset and development of depression in neurobiological
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models.’ Real-time functional magnetic resonance imaging
(fMRI) neurofeedback is a novel approach that presents an
indirect response to the relationship between brain activity
and hemodynamics. Patients with depression have shown
decreased depressive symptoms and an increase in the
percentage of specific memories recalled relative to base-
line when receiving AMY real-time fMRI neurofeedback
training.® Task-based fMRI studies have revealed that the
AMY activity is increased in response to negative emotional
signals (eg, faces, pictures, and words) in major depressive
disorder.” Furthermore, resting-state (RS)-fMRI studies
have found that AMY—ventromedial prefrontal cortex cir-
cuit functional connectivity (FC) dysfunction is positively
correlated with symptom severity for females demonstrat-
ing early life stress and depression.® These findings, taken
together with evidence that the AMY closely links the pro-
cessing of and response to negative and fearful emotional
stimuli. Pathological study suggests that characteristic glial
cytoplasmic inclusion (GCI) deposition occurs not only in
typical disease-associated regions (eg, striatum and sub-
stantia nigra) but also within the AMY.” MSA postmortem
brain examination has also revealed the significant atrophy
of the AMY,' which highlights a possible dysfunction of
the AMY in conjunction with depression in MSA patients.
However, functional changes of the brain under pathological
injury of MSA patients with depressive symptoms (DMSA
patients) remain poorly understood.

Resting-state functional connectivity (RS-FC) has
been proven to be a powerful paradigm for exploring brain
interregional correlations in neuronal variability.!! Abnor-
mal AMY-induced RS-FC alteration has been observed in
previous studies. For example, patients with major depres-
sive disorder show dysfunction in the orbitofrontal-AMY
(OFC-AMY) structure and effective connectivity in the
left hemisphere.'> Another research study has suggested
that depressed type 2 diabetes mellitus patients present
decreased AMY FC in the cingulate cortex, the frontal
lobe, and the precentral gyrus as well as a decrease in FC
in the anterior cingulate cortex associated with the clinical
depression score.'* Similar AMY FC abnormality was also
observed in individuals with Parkinson’s disease'* and
end-stage renal disease."” To the best of our knowledge, no
study has thus far described the difference between DMSA
patients and MSA patients without depression symptoms
(NDMSA patients), while only one study has revealed
DMSA patients show significant metabolic decreases in the
bilateral frontal, parietal, and cerebellar cortex and in the left
putamen as compared with healthy controls (HCs).!¢ In this

study, depression severity was significantly associated with
dorsolateral prefrontal glucose metabolism in MSA patients.
Depression symptoms are common in MSA patients, with
nearly 62% of MSA patients having different degrees of
depressive symptoms.> However, whether there are altera-
tions in the FC between the AMY and other brain regions
in DMSA patients remain unknown.

To explore the above-mentioned issues, we selected the
bilateral AMY as a seed region for the investigation of FC
patterns of the AMY among DMSA and NDMSA patients
using RS fMRI. We hypothesized that the FC between the
AMY and several specific brain regions is vulnerable in
MSA. We also hypothesized that the above-mentioned FC
changes are positively correlated with clinical depressive
symptoms in MSA patients.

Materials and methods

Subjects

A total of 57 individuals (29 males and 28 females) with MSA
and 34 HCs (19 males and 15 females) were recruited from
the First Affiliated Hospital of China Medical University in
Shenyang, China, between November 2013 and August 2016.
Eligible MSA patients were diagnosed by a neurologist and
met the “probable” MSA clinical diagnostic criteria.'” All
the participants were right-handed Han Chinese. Potential
participants were excluded when 1) obvious brain lesions
were assessed on the basis of medical history and conven-
tional MRI; 2) diabetes disease, thyroid disease, or end-stage
renal disease was noted; 3) head motion(s) of >2.0 mm or
2.0° during MRI scanning occurred. MSA patients who
demonstrated a Mini—-Mental State Examination (MMSE)
score of <24 as well as those using antidepressants prior to
the beginning of the study were also excluded. To control
variables, only depressive symptoms secondary to motor
symptoms in MSA patients were included through detailed
medical history inquiries. This study was approved by the
medical research ethical committee of the First Affiliated
Hospital of China Medical University, and a written informed
consent was obtained from all the participants. Patients know
the details of the experiment and are willing to take part in
the research.

Neuropsychological measurements

According to the Hamilton Depression Rating Scale-17 item
(HAMD-17) scores, 57 MSA patients were divided into two
groups: 29 patients with depressive mood disorder and 28
patients without depressive mood disorder. HAMD-17 scores
below 7 points indicated that the subject was normal or
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without depression symptoms. To reduce bias,a HAMD-17
score of =17 points indicated a significant depressive
mood.'3!” The MMSE was used to assess the global cogni-
tive function of each subject. The Unified Multiple System
Atrophy Rating Scale (UMSARS) and the Hoehn and Yahr
(H-Y) staging scale were used to assess the severity of
MSA.? All the neurological evaluations were conducted
preceding the MRI scan. All the participants were in the “off”
state (ie, without an antidepressant medication use history
and not having used dopamine for at least 12 hours).

Image acquisition

The RS functional image data were obtained using a 3.0 T
MRI scanner (GE, Boston, MA, USA) equipped with an
eight-channel head coil in the Department of Radiology.
All the participants were instructed to keep calm with
their eyes closed, but to stay awake. Foam pads and ear-
plugs were used to reduce head motion and scanner noise,
respectively. Functional images were acquired by using
a gradient echo planar imaging sequence, paralleled to
the anterior commissure—posterior commissure (AC-PC)
plane. The parameters were as follows: TR =3,000 ms, TE
=60 ms, flip angle =90°, field of view =24x24 cm, matrix
=64x64, thickness =1.8 mm, and pixel size =3.75%3.75 mm.
Three-dimensional T1-weighted images were acquired in a
sagittal orientation employing a 3D-SPGR sequence. The
parameters were as follows: TR =7.1 ms, TE =3.2 ms, flip
angle =151°, thickness =1 mm, field of view =24x24 cm,
and matrix =256x256. A total of 172 slices were collected
from the 3D-T1 sequence, and 9,600 images were obtained
by blood oxygenation level-dependent contrast.

Data preprocessing

Functional images were preprocessed with the SPMS8 soft-
ware (Statistical Parametric Mapping version 8; www.fil.
ion.ucl.ac.uk/spm) and the DPABI (Data Processing and
Analysis of Brain Imaging) software toolbox (http://rfmri.
org/dpabi).?! The first 10 volumes of each subject were dis-
carded due to the inhomogeneity of the magnetic field. The
remaining images were corrected by realignment, account-
ing for head motion. No subjects were excluded from the
study because of having head motions exceeding 2.0 mm
of translation, or 2.0° of rotation, throughout the course of
the scan. Subsequently, the resulting images were spatially
normalized to the T1 space, resampled to a voxel size of
3x3%3 mm, and spatially smoothened with a Gaussian kernel
full width at half-maximum 6x6x6 mm. The resulting fMRI
data were band pass filtered (0.01<f<<0.08 Hz) to reduce

for low-frequency drift and high-frequency physiological
respiratory and cardiac noise. Any linear trend was then
removed. There was no difference in the mean head motion
(P>0.05). Thirty-four head motion parameters and the mean
time series of global activities, white matter, and cerebro-
spinal fluid (CSF) signals were introduced as covariates into
a random-effects model to remove possible effects of head
motion, global, white matter, and CSF signals on the results.
Finally, data scrubbing was performed to further compensate
for motion, removing volumes with excessive movement.

FC and statistical analysis

FC

The left and right AMY were defined as region of interest
(ROI), according to the automated anatomical labeling tem-
plate, which was created by WFU_PickAtlas (http:/www.
ansir.wfubmec.edu).”® The mean time series of the bilateral
AMY were extracted. Voxel-wise FC analysis was performed
by computing the temporal cross-correlation between the
mean time series of each ROI and the time series of each
voxel within the brain. The correlation coefficients of each
voxel were normalized to Z-scores with Fisher’s r-to-z trans-
formation. Then, an entire brain Z-score map was created for
each ROI of each subject.

Statistical analyses

Statistical analyses of demographic and clinical data were
completed using the SPSS version 22.0 software (IBM Cor-
poration, Armonk, NY, USA). The Kolmogorov—Smirnov
test was applied to evaluate the normality of continuous
variables. For statistical analyses among DMSA patients,
NDMSA patients, and HCs, one-way ANOVA, chi-squared
test, or Kruskal-Wallis test followed by Bonferroni post
hoc analysis was performed according to the category of
variables, including age, gender, duration of education,
MMSE score, and HAMD-17 score. A two-sample #-test
and Mann—Whitney U test were performed between patient
groups, including UMSARS, H-Y staging scale, and dura-
tion of illness. A threshold of P<<0.05 was considered to be
statistically significant.

Imaging data statistical analyses were performed by
DPABI software. To explore FC differences among the
three groups, one-way ANOVA was conducted with age,
gender, years of education, and gray matter volume. MMSE
subject scores were used as covariates in all the above
analyses. UMSARS scores were also taken as covariates for
analyses between DMSA and NDMSA patients to eliminate
confounding factors, and AlphaSim multiple comparison
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correction was performed (voxel-level P-value <0.001;
cluster-level significance threshold of P<<0.001; left cluster
size >64 voxels and right cluster size >57 voxels). Subse-
quently, post hoc tests for between-group differences were
carried out within a mask presenting statistical significance
in the ANOVA results. Post hoc analysis shared similar
covariates and multiple comparison correction methods with
ANOVA. Furthermore, to explore the relationship between
seed-based FC abnormalities and the depression profile of
the DMSA patients, correlation analyses between FC abnor-
mality clusters and HAMD-17 scores of the DMSA patients
were also performed. A threshold of P<<0.05 was considered
to be significantly different per the SPSS software.

Results

Demographics and clinical data

There was no significant difference among the DMSA,
NDMSA, and HC groups in terms of age, sex distribution,
and level of education. In addition, MMSE scores were not
statistically different among the groups, and no subjects were
excluded. Also, no significant differences were found among
patient groups with respect to H-Y staging scale, duration of
illness, levodopa equivalent dose (mg), or UMSARS score.
As expected, there was a significant difference in HAMD-17
score among pairs of groups, as follows: DMSA patients
vs HCs (P<<0.00); DMSA patients vs NDMSA patients
(P<0.00); and DMSA patients vs HCs (P<<0.002). Further
details are presented in Table 1.

DMSA patients vs HCs

In comparison with the HCs, DMSA patients showed
decreased left AMY FC with the left lingual gyrus, left
fusiform gyrus, bilateral calcarine gyrus, left insula, and

bilateral rolandic areas and decreased right AMY FC with
the left lingual gyrus, left parahippocampal gyrus (PHG), left
orbit frontal cortex, left middle occipital gyrus (MOG), left
superior and middle temporal gyrus, left superior occipital
gyrus, left postcentral lobe, right supply motor area, left
cuneus, left precuneus lobe, left paracentral lobe, and left
middle cingulum cortex (Table 2; Figure 1).

NDMSA patients vs HCs

As compared with the HCs, NDMSA patients showed
decreased left AMY FC with left lingual, left fusiform,
left middle frontal gyrus (MFG), left calcarine gyrus, left
cuneus lobe, left superior occipital gyrus, left MOG, right
insula, left superior temporal gyrus, left rolandic oper, right
precentral gyrus, right postcentral gyrus, right supply motor
area, right precuneus lobe, and right middle cingulum cortex.
Decreased right AMY FC with the left superior frontal gyrus,
bilateral insula, right putamen, left rolandic oper, left superior
temporal gyrus, right calcarine gyrus, left cuneus lobe, left
postcentral lobe, right supply motor area, right precentral
gyrus, left superior parietal gyrus, and right middle cingulum
cortex were also observed in the NDMSA group (Table 3;
Figure 1).

DMSA patients vs NDMSA patients

As compared with the NDMSA patients, the DMSA patients
showed increase bilateral AMY FC with the left MFG while
decreased right AMY FC with the right MOG (Table 4;
Figure 2).

Correlation analyses
Within the depressed patient group, FC between the left AMY
and left MFG was positively correlated with HAMD-17

Table | Demographics and clinical features among DMSA, NDMSA, and HCs

Measure DMSA NDMSA HCs Statistic P-value

DMSA NDMSA DMSA

vs HCs vs HCs vs NDMSA
Age 62.36+5.25 64.8619.31 64.5314.16 F=0.97 0.25 0.86 0.21
Sex (male/female) 12:17 18:11 19:15 F=1.59 0.19 0.63 0.08
Education (years) 10.21£3.40 11.24+3.80 11.24+2.09 F=1.03 0.20 0.99 0.22
Handedness (R/L) 28:0 29:0 34:0 F=0.00 1.00 1.00 1.00
HAMD-17 22.54+5.17 4.76x1.85 0.77+0.85 F=415.31 0.00* 0.00* 0.00*
MMSE 27.29+1.49 27.24£1.79 27.88+1.32 F=1.75 0.13 0.10 091
Dur (years) 3.93+2.31 3.29+1.71 NA T=0.52 NA NA 0.95
H-Y 2.46+0.82 2.29+0.59 NA T=0.60 NA NA 0.87
UMSARS 15.01£8.18 11.35+7.48 NA T=0.89 NA NA 0.40
LED (mg) 539.29+187.75 | 513.79+229.47 | NA U=347.5 NA NA 0.34

Notes: Values are represented as mean£SD. *Means value is less than 0.00; P<<0.05 is considered as statistically significant.
Abbreviations: DMSA, MSA patients with depression; Dur, disease duration; HAMD-17, |7-item Hamilton Depression Rating Scale; HC, healthy control; H-Y, Hoehn and
Yahr staging scale; LED, levodopa equivalent dose (mg); MMSE, Mini—-Mental State Examination; MSA, multiple system atrophy; NA, not applicable; NDMSA, MSA patients

without depression; UMSARS, Unified Multiple System Atrophy Rating Scale.
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Table 2 Difference of functional connectivity between DMSA patients and HCs

Brain regions L/R Cluster BA MNI coordinates t-value
X y z
DMSA < HGCs
Superior occipital gyrus L 52 18 —-18 -90 27 —4.301
Middle occipital gyrus L 54 19 —42 =75 6 -5.102
Lingual gyrus L 132 37 -24 —48 -3 -5.62
Middle cingulate cortex L 24 NaN -1 —-18 45 —4.238
Fusiform L 28 30 -19 —44 -1l —4.064
Precuneus lobe R 191 37 24 —45 3 =5.172
Rolandic oper L 92 48 -39 =21 21 —4.831
Paracentral lobe L 64 —12 -33 54 —4.583
Supply motor area R 19 2 -21 60 —4.118
Postcentral gyrus L 227 3 -33 =21 45 -5.439
Superior parietal lobe R 21 | 21 —45 72 —4.359
Parahippocampal gyrus L 16 37 -23 —40 -3 -3.899
Cuneus lobe L 35 19 6 -87 33 —4.263
Insula L 78 48 -39 -18 21 —6.541
Middle temporal gyrus L 8l 21 =51 —48 15 —4.490
Frontal_Inf_Orb L 63 I —24 30 -12 —5.605

Abbreviations: BA, Brodmann; DMSA, multiple system atrophy patients with depression; HC, healthy control; L, left; MNI, Montreal Neurological Institute; NaN, not

applicable; R, right.

scores (r=0.4, P=0.0023). Also, FC values between the
right AMY and left MFG were positively correlated with
HAMD-17 scores (=0.29; P=0.0287). No associations were
found for HAMD-17 scores and FC between the right MOG
and the bilateral AMY (Figure 2). The threshold was set at
P<<0.001 (AlphaSim corrected).

DMSA vs HC

AMY FC-L

NDMSA vs HC

AMY FC-L

AMY FC-R §

Discussion

The current study demonstrated that DMSA patients suf-
fered from disrupted RS AMY—cortical FC in a set of brain
regions, including the middle frontal cortex, the occipital
visual cortex, the limbic areas, and the somatosensory areas
as compared with NDMSA patients and HCs. Furthermore,

Figure | Statistical parametric map showing the significant differences in left and right AMY FC differences between DMSA patients and HCs (left AMY, cluster size > 14,
P<<0.001 and right AMY cluster size >9, P<<0.001 AlphaSim corrected); differences between NDMSA and HC (left AMY, cluster size >47, P<<0.00| and right AMY cluster

size >64, P<<0.00| AlphaSim corrected).

Notes: Areas in blue indicate the regions in which the former group who had decreased FC. The left side corresponds to the right hemisphere significant differences FC.
Abbreviations: AMY, amygdala; DMSA, multiple system atrophy patients with depression; FC, functional connectivity; HC, healthy control; L, left; NDMSA, multiple system

atrophy patients without depression; R, right.
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Table 3 Difference of functional connectivity between NDMSA patients and HCs

Brain regions L/R Cluster BA MNI coordinates t-value
x y z

NDMSA < HCs

Lingual gyrus L 12 19 =27 -72 -6 —4.238
Middle frontal gyrus R 225 6 41 —4 56 —5.048
Orbital gyrus L 33 I -21 30 -12 -5.891
Calcarine gyrus L 170 18 -2 -70 7 —4.446
Cuneus gyrus L 34 18 -9 -78 36 —4.252
Middle occipital gyrus L 27 19 —42 -8l 9 —4.218
Insula lobe R 29 48 39 -27 24 —5.451
Superior temporal gyrus L 46 48 -39 —-18 21 —4.711
Middle frontal gyrus L 18 46 =27 54 18 —4.904
Precentral gyrus R 233 22 -20 73 —4.189
Postcentral gyrus L 166 3 —43 -23 52 —4.566
Supply motor area R 50 6 9 9 54 —4.837
Superior frontal gyrus L 17 I =21 30 —-12 -5.891
Putamen R 19 48 32 ) 10 —4.360
Rolandic oper L 146 48 —42 —-I5 21 —4.851
Middle cingulum cortex L 69 NaN -8 —-1é 46 —4823

Abbreviations: BA, Brodmann; HC, healthy control; L, left; MNI, Montreal Neurological Institute; NaN, not applicable; NDMSA, multiple system atrophy patients without

depression; R, right.

the middle prefrontal cortex was correlated with the severity
of clinical depression in the DMSA patients. To the best of
our knowledge, this is the first study to examine the altera-
tions of the AMY—cortical FC networks in DMSA patients.
Our results may provide novel insights into the underlying
neural mechanisms of MSA-related depression.

The middle prefrontal cortex is located in the dorsal
prefrontal cortex (DLPFC), an area primarily involved in
cognition and executive function. Increasing evidence has
shown that the prefrontal cortex is responsible for top—down
regulation of emotion and attention, and dysfunction in this
area plays a role in the pathogenesis of primary depression
patients.”* RS-fMRI studies have shown that depressed
idiopathic Parkinson’s disease patients had decreased right
MFG degree centrality vs HCs.?® Hamilton et al?® reported
that bilateral middle frontal cortex functional consistency was
negatively correlated with HAMD-17 scores. Repetitive tran-
scranial magnetic stimulation (rTMS) has been proven to be a

powerful antidepressant intervention tool and has been widely
investigated in the last two decades.?”?® Treatment-resistant
depression (TRD) patients show a significant improvement
of depressive symptoms after DLPFC high-frequency (5-20
Hz) rTMS treatment.”*° The above-mentioned results indi-
cate that the middle prefrontal cortex may be a key cortical
pathogenesis hub that is associated with depression. In the
present study, we found an increase in frontal-AMY FC
between DMSA patients and NDMSA patients; furthermore,
this finding was positively related to depressive scores. The
current results are consistent with those of previous studies
reporting an increased RS-FC of the DLPFC in subclinical
depressive individuals.’!** However, this is in contrast to a
preponderance of findings showing decreased DLPFC activity
in depressive patients.**3 This discrepancy could be explained
in part by differences in the neural basis between depression
symptoms and depression. The medial prefrontal cortex is also
a cortex hub for cognitive control in MSA.* In fact, cognitive

Table 4 Difference of functional connectivity between DMSA and NDMSA patients

Brain regions L/R Cluster BA MNI coordinates t-value
X y z

DMSA > NDMSA

Middle frontal gyrus L 50 45 -39 45 9 45916

Middle frontal gyrus L 46 47 =37 —45 | 3.4013

DMSA < NDMSA

Middle occipital gyrus R 32 19 42 -8l 3 —-2.857

Abbreviations: BA, Brodmann; DMSA, multiple system atrophy patients depression; L, left; MNI, Montreal Neurological Institute; NaN, not applicable; NDMSA, multiple

system atrophy patients depression; R, right.
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Figure 2 Statistical parametric map showing the significant differences between DMSA and NDMSA patients (P<<0.001, AlphaSim corrected); Blue denotes decreased FC in
DMSA group than NDMSA group, red denotes increased FC in DMSA group than NDMSA group.

Notes: FC between the bilateral AMY and left middle frontal gyrus positively correlates with HAMD scores. No correlation was found between the AMY and the right
middle occipital gyrus. Note that the left side corresponds to the right hemisphere significant differences FC.

Abbreviations: AMY, amygdala; DMSA, multiple system atrophy patients with depression; FC, functional connectivity; HAMD, Hamilton Depression Rating Scale; MFG,
middle frontal gyrus; MOG, middle occipital gyrus; NDMSA, multiple system atrophy patients without depression.

impairment is one of the key characteristics of depressive
patients.’® We hypothesized that enhanced frontal-AMY
functional coupling may reflect the need for more cognitive
resources in MSA patients with severe depressive symptoms.
Whatever, our results demonstrate that alteration in AMY—
DLPFC functional coupling at rest is related to the existence
of depression symptoms in MSA patients.

Decreased FC has been noted between the right AMY and
the right middle occipital cortex in our study. This finding
was in line with other studies that reported higher magneti-
zation transfer ratio in the left occipital lobe in patients with
TRD vs those without TRD.*” By using arterial spin labeling,

patients without TRD showed greater perfusion in the left
occipital lobe.® MOG attains a functional specialization for
spatial processing;*’ its activity in the depressed MSA patient
could be influenced by AMY through various structural and
functional connectivities. In relation to HCs, DMSA patients
also showed decreased FC in the left lingual gyrus, bilateral
calcarine gyrus, and left cuneus; notably, the aforementioned
areas belong to the visual processing cortex. The performance
of task-based fMRI proved that the processing of emotion
involved multiple brain region activation, including not
only limbic structures such as the AMY but also occipital
and parietal visual regions.’> The visual cortex participates
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in external stimuli perception and transfers this information
to the brain regions that relate to emotion processing and
response.® Interestingly, involved visual cortex functional
abnormalities are mostly found in major depression disorder
patients,*! and depression severity is positively correlated
with visual contrast sensitivity.** Although no associations
were found between FC values in visual associative cortices
and depression assessments, we speculate that these active
regions may play an important role of either compensation
or pathology in DMSA patients. Future multimodal studies
combining positron-emission tomography (PET) imaging
findings may help to clarify specific visual abnormalities of
induced depression symptoms in MSA patients.

We observed decreased AMY connectivity in the left
posterior cingulate cortex (PCC), the left PHG, and the left
insula. Through functional and structural connectivity with
other limbic structures and the AMY, the PCC and PHG play
an important role in memory and emotional regulation.*#*
The insula has extensive connections to several areas of the
cortex and limbic system implicated in affectivity processes,*
with both belonging to limbic circuits. Neurobiological evi-
dence has demonstrated that AMY limbic dysfunction may
contribute to depression symptoms.'*!5?* Decreased AMY—
limbic areas in our study may reflect an emotion processing
bias in DMSA patients vs in HCs.

Aside from the above findings, DMSA patients also showed
extensive AMY FC changes located in wider motor areas, such
as the left primary somatosensory cortex and the left supply
motor area, when compared with the HCs. Only one previous
study in the literature, which involved a small sample size,
showed that frontal dysfunction may contribute to depression
associated with MSA and progressive supra nuclear palsy,”
and, notably, no motor-related brain areas were involved in
this study. Different methods and sample sizes among the two
studies may account for the inconsistent findings. This study
used PET to directly compare DMSA patients with HCs. Our
results are second to AMY RS-FC toward depression symptoms
in MSA patients. Interestingly, a number of recent studies have
found that patients with depression show extensive functional
abnormalities in the motor cortex.'>*4¢ Accordingly, we specu-
late that some of these structures are also involved in nonmotor
functions, including emotional regulation. Future studies should
investigate correlations between motor impairment and depres-
sion symptoms in MSA patients.

Limitations

There were limitations in the current study. First, the
fact that MSA patients with severe depression symptoms
were recruited into our study may somewhat reduce the

confounding effect by overlapping motor and nonmotor
symptoms to a large degree,*’ but it may also introduce
new bias. Thus, the function underlying different degrees
of depressive symptoms needs to be explored using a more
detailed scale assessment. Second, the use of a small sample
size (29 DMSA and 28 NDMSA patients) may reduce the
generalization of our findings. Finally, MSA patients had two
different clinical variants (ie, parkinsonism types [MSA-P]
and cerebellum types [MSA-C]). More severe depression
symptoms were reported in MSA-P patients than in MSA-C
patients in the previous study.> However, both MSA-P and
MSA-C share the same GCI pathology.’ Additional studies
with large sample sizes may clarify the AMY-induced depres-
sion symptoms between the two subtypes.

Conclusion

In the current study, we chose bilateral AMY as the ROI
to investigate the RS disconnectivity pattern in DMSA and
NDMSA patients. We identified abnormal FC in DLPFC,
MOG, the limbic system, and the motor cortex of DMSA
patients. Furthermore, the alteration of AMY FC toward
DLPFC is associated with clinical depression scores. Our
findings suggest that abnormal AMY-MFG circuits may
play an important role in the progression of depression in
MSA. Our study provides a significant step forward in the
understanding of the neural mechanisms of DMSA.
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