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Abstract.
Background: Multiple system atrophy (MSA) is a disease with diverse symptoms and the commonly used classifications,
MSA-P and MSA-C, do not cover all the different symptoms seen in MSA patients. Additionally, these classifications do not
provide information about how the disease progresses over time or the expected outcome for patients.
Objective: To explore clinical subtypes of MSA with a natural disease course through a data-driven approach to assist in the
diagnosis and treatment of MSA.
Methods: We followed 122 cases of MSA collected from 3 hospitals for 3 years. Demographic characteristics, age of onset,
clinical signs, scale assessment scores, and auxiliary examination were collected. Age at onset; time from onset to assisted
ambulation; and UMSARS I, II, and IV, COMPASS-31, ICARS, and UPDRS III scores were selected as clustering elements.
K-means, partitioning around medoids, and self-organizing maps were used to analyze the clusters.
Results: The results of all three clustering methods supported the classification of three MSA subtypes: The aggressive pro-
gression subtype (MSA-AP), characterized by mid-to-late onset, rapid progression and severe clinical symptoms; the typical
subtype (MSA-T), characterized by mid-to-late onset, moderate progression and moderate severity of clinical symptoms;
and the early-onset slow progression subtype (MSA-ESP), characterized by early-to-mid onset, slow progression and mild
clinical symptoms.
Conclusions: We divided MSA into three subtypes and summarized the characteristics of each subtype. According to the
clustering results, MSA patients were divided into three completely different types according to the severity of symptoms,
the speed of disease progression, and the age of onset.
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INTRODUCTION

Multiple system atrophy (MSA) is a fatal adult-
onset neurodegenerative disease and an atypical
parkinsonian disorder. It is characterized by progres-
sive autonomic dysfunction, Parkinson’s syndrome,
and cerebellar damage [1]. The disease progresses
faster and has a worse prognosis than idiopathic
Parkinson’s disease [2]. The pathological hallmark is
the presence of intracellular inclusions of misfolded
alpha-synuclein protein in oligodendrocytes, which
is also a feature of Parkinson’s disease [3].

The current MSA classification method was pro-
posed in 1998. If the features of Parkinson’s disease
are dominant, the patient should be designated MSA-
P; if cerebellar features are dominant, the patient is
designated MSA-C [4]. However, this classification
is still deficient in clinical use. First, subtypes that are
not easily identified may be missed. Some underlying
clinical manifestations, such as nonmotor symptoms,
which may lead to some potential subtypes being
classified into other subtypes. Several MSA subtypes
have been reported in the literature that do not fit
the current classification. These new forms of MSA
include MSA with predominantly autonomic failure
(MSA-AF) [5], mixed MSA with coexisting Parkin-
son’s disease and cerebellar ataxia (MSA-P/C) [6],
early-onset MSA with an age of onset between 30
and 40 years (YOMSA) [7], MSA with survival of
more than 15 years (LDMSA) [8], and MSA present-
ing with corticobasal ganglia syndrome (MSA-CBS)
[9]. Second, the current staging method describes the
symptoms but does not reflect the rapidity of disease
progression, which is not conducive to prognostic
prediction. In light of these issues, we have progres-
sively established a study cohort for MSA since 2017
and utilized various clustering techniques to process
the data, with the objective of investigating the clini-
cal classification of MSA in its natural state.

MATERIALS AND METHODS

Participants

Patients with MSA who attended the outpatient
or inpatient neurology departments of 3 hospitals
from January 1, 2017, to December 31, 2022, were
recruited.

Inclusion criteria: 1) meeting the diagnostic crite-
ria for clinically probable and likely MSA as outlined
in the expert consensus on multisystem atrophy pub-
lished by Gilman et al. in their second revision from

2008 [10]; 2) detailed and reliable medical history
recall; and 3) signed informed consent.

Exclusion criteria: 1) other neurodegenerative dis-
eases; 2) other reasons affecting limb movement or
condition assessment; and 3) other serious complica-
tions.

A total of 164 patients diagnosed with MSA were
initially included in the study. Of these, 35 patients
did not meet the follow-up endpoint, and 7 patients
had more than 20% missing data; therefore, their data
were excluded from the analysis. This resulted in a
final sample size of 122 patients in the cluster anal-
ysis (see Supplementary Figure 1). Supplementary
Table 1 shows the grading of diagnostic reliability of
the cases in this study under both the old and new
diagnostic criteria.

The participants consistently received the same
treatment regimen throughout the study. The medica-
tion administered consisted of levodopa, pramipexole
hydrochloride, amantadine hydrochloride, buspirone
hydrochloride, and midodrine hydrochloride, along
with Shengmai Yin for the management of orthostatic
hypotension. In addition, few patients underwent
brief rehabilitation or physical therapy, none under-
went deep brain stimulation or other surgical
treatment. However, it is worth noting that a signifi-
cant number of patients under the age of 50 continue
working, which could have potential implications for
the progression of the condition.

This study was reviewed by the ethics com-
mittee of Xijing Hospital (approval No. of ethics
committee: KY20222171-C-1) and filed in the Chi-
nese Clinical Trial Registry (registration number:
ChiCTR2300072941). The study obtained written
informed consent from all participants.

Study method

Basic information was collected face-to-face from
patients, including sex, age at presentation (years),
age at onset (years), time from onset to nonmotor
symptoms combined with motor symptoms (months),
time from onset to catheterization or diaper depen-
dence (months), and time from onset to assisted
ambulation (months). Onset was defined as the point
at which any motor or nonmotor symptoms, such as
Parkinson’s symptoms, cerebellar ataxia, orthostatic
hypotension or neurogenic bladder disorders, were
first observed by either the patient or their family.
Data that could not be collected at this time were
collected during the 3-year follow-up period. The
end point of follow-up was disease progression to
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the point where patients had all three of the fol-
lowing: nonmotor symptoms combined with motor
symptoms, catheterization, and assisted ambulation.
Patients who still had not met the follow-up endpoint
as of June 1, 2023, were not included in this study.

Clinical signs were collected by questioning and
examination. It was divided into motor and non-motor
symptoms. The definitions described above are given
in Supplementary Table 2.

Red flag signs included rapid progression within
3 years of motor onset, moderate to severe postural
instability within 3 years of motor onset, cranio-
cervical dystonia induced or exacerbated by L-dopa
in the absence of limb dyskinesia, severe speech
impairment within 3 years of motor onset, severe
dysphagia within 3 years of motor onset, unex-
plained Babinski sign, jerky myoclonic postural or
kinetic tremor, postural deformities, stridor, inspira-
tory sighs, cold discolored hands and feet, erectile
dysfunction (below age of 60 years), pathologic
laughter or crying. The MSA diagnostic criteria pub-
lished by MDS in 2022 was used for the specific
definition [11].

The study identified several positive imaging find-
ings, which comprised putaminal atrophy; putaminal
hypointensity with hyperintense lateral putaminal
rim on T2-weighted sequences (at 1.5 Tesla magnet
strength); and various infratentorial abnormalities,
including atrophy of the pons, middle cerebellar
peduncle (MCP), medulla oblongata, inferior olives,
and cerebellum, as well as T2 hyperintensities in
the pons (“hot cross bun sign”), MCP, and cerebel-
lum [12]. The presence of any of these findings was
regarded as positive and recorded as a dichotomous
variable. The “Hot cross bun” sign was recorded as
stage 0–5 [13].

The following scales were administered:

Overall condition assessment: Unified Multiple
System Atrophy Rating Scale (UMSARS) [14],
range 0–104, with higher scores indicating greater
damage.
Autonomic function assessment: Composite
Autonomic Symptom Score-31 (COMPASS-31)
[15], range 0–100, with higher scores indicating
greater damage.
Cerebellar symptom assessment: International
Cooperative Ataxia Rating Scale (ICARS) [16],
range 0–100, with higher scores indicating greater
damage.
Parkinson’s symptom assessment: Movement
Disorder Society Unified Parkinson’s Disease

Rating Scale part3 (UPDRS-III) [17], range 0–72,
with higher scores indicating greater damage.
Mood assessment: Hamilton Anxiety Scale
(HAMA-14) [18], range 0–56, with higher scores
indicating worse anxiety, and Hamilton Depres-
sion Rating Scale (HAMD-17) [19], range 0–68,
with higher scores indicating worse depression.
Sleep: Pittsburgh Sleep Quality Index (PSQI),
range 0–21, with higher scores indicating poorer
sleep quality.
Disability assessment: Modified Hoehn and Yahr
Scale (H-Y) [20], range 1–5, with higher scores
indicating greater damage, and the Schwab and
England Activities of Daily Living Scale (S&E),
range from 0%–100%, with lower scores indicat-
ing greater damage.
UMSARS served as the predetermined pri-
mary outcome measure, while the COMPASS-31,
ICARS, UPDRS-III and duration from onset to
assisted walking were considered secondary out-
come measures.
All clinical data collection for this study was con-
ducted by three neurologists who specialize in
MSA and have received standardized training in
the scoring of relevant scales at Xijing Hospital
to minimize potential human errors.

Statistical analysis

Double data entry and proofreading were con-
ducted utilizing EpiData v 3.1. Missing values were
replaced by the mean of all cases.

Cluster analysis
Currently, there is no consensus on the parame-

ters of cluster analysis applied to clinical typing. For
exploratory analyses, by convention, the sample size
is generally controlled at more than ten times the
number of variables to ensure that the sample size
has sufficient dimensionality. These variables were
subjected to z-score conversion before the clustering
analysis.

We selected three clustering methods: K-means,
partitioning around medoids (PAM), and self-
organizing maps (SOM). K-means is the most basic
and commonly used clustering algorithm. It is a par-
tition scheme that iteratively finds K clusters and
minimizes the squared errors between each sample’s
distance and its corresponding cluster centroid. PAM
[21] is a partitional algorithm, and it is similar to
K-means [22]. PAM clustering is highly robust to out-
liers, which is an advantage over K-means because
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K-means is highly sensitive to outliers. SOM is a
type of artificial neural network that is trained by an
unsupervised machine learning technique to project a
set of given data points (high-dimensional data) into
a low-dimensional (usually two-dimensional) grid
while preserving the topological structure of the data
[23]. R software (Copyright (C) 2020 The R Foun-
dation for Statistical Computing) was used for all
profiling analyses.

Analysis of clustering results
Data were analyzed in the following manner:

Student’s t test as appropriate was used to ana-
lyze group differences in normally distributed data,
while Kruskal–Wallis one-way ANOVA by ranks
was employed for non-Gaussian distributed vari-
ables. Distributional differences were assessed using
Pearson’s χ2 test for independence. SPSS v.25 was
used for all profiling analyses.

RESULTS

In this study, a total of 122 patients with MSA
were included, with 69 (56.6%) males and 53 (43.4%)
females. The mean age was 58.86 ± 7.84 years, and
the mean age of onset was 55.16 ± 7.92 years. The
median time from onset to assisted walking was
48.52 months, with an interquartile range of 29.46
months; the median time from onset to catheteriza-
tion or diaper dependence was 48.50 months, with an
interquartile range of 32.16 months; and the median
duration of motor symptoms combined with nonmo-
tor symptoms was 29.15 months, with an interquartile
range of 48.43 months. Among all patients, 41 had
onset of motor symptoms, accounting for 33.6%
of the total; 81 had onset of nonmotor symptoms,
accounting for 66.4% of the total. The patients were
classified according to the guidelines into 60 MSA-
P patients, accounting for 49.2%, and 62 MSA-C
patients, accounting for 50.8%. The scores of vari-
ous scales and clinical characteristics of the patients
are shown in Table 1.

Principal component analysis was conducted using
SPSS 25, which resulted in eight components. How-
ever, the results of K-means clustering using these
eight components cannot be reasonably interpreted
in clinical practice. We summarized the variables
with higher correlation coefficients for each compo-
nent based on the rotated component matrix table, as
shown in the Table 2. To ensure the rationality of clus-
ter attribute selection, we consulted domestic experts

in movement disorders and statistics, integrated the
results of PCA. Selected eight factors for cluster anal-
ysis: age at onset, time from onset to assisted walking,
UMSARS I, II, and IV, COMPASS-31, ICARS, and
UPDRS III scores.

K-means

We compared the clustering results for 2, 3, and
4 groups. When clustering was performed with 2
groups, there were significant differences in age of
onset, disease progression rate, and disease severity
between the two groups. However, the clinical signif-
icance was poor, and it was not possible to provide a
descriptive characterization including features. When
clustering was performed with 4 groups, the features
among the groups overlapped, and there were no dif-
ferences in many dimensions. After comprehensive
analysis, we found that the clustering result of 3 clus-
ters was more in line with clinical practice and was
more interpretable. Therefore, we used 3 clusters in
the main analyses of this study.

Cluster 1 contained 36 individuals with a mean age
of onset of 56.43 ± 6.98 years, which was older than
that of Cluster 3 (p < 0.001). The time from onset
to assisted walking and time from onset to catheter-
ization or diaper dependence were the shortest
(p < 0.001). UMSARS I, II, and IV, COMPASS-31,
ICARS, and UPDRS III scores were all the highest
among the three groups (p < 0.001). The H&Y stage
and S&E scale were also higher than the other two
groups (p < 0.001). The positive frequency of atro-
phy of putamen (and signal decrease on iron-sensitive
sequences) was higher than that of Cluster 2 and Clus-
ter 3 (p < 0.001). The “Hot cross bun” sign stage was
higher than that of Cluster 3 (p = 0.027).

Cluster 2, comprising 47 participants, did not
exhibit a significant difference in the age of onset
when compared to Cluster 1 but was observed to
be higher than Cluster 3 (p < 0.001). The duration
from onset to assisted walking was found to be
between the durations observed for the other two
groups (p < 0.001), while the duration from onset
to catheterization or diaper dependence was slightly
longer than that of Cluster 1 (p < 0.001) but no sta-
tistical difference between Cluster 3. The scores for
UMSARS I and II, UPDRS III, H&Y stage and S&E
scale were at a moderate level among all three groups
(p < 0.001). However, the scores for UMSARS IV,
ICARS, and COMPASS-31 were higher than Cluster
3 (p < 0.001), but the difference compared to Cluster
1 was not statistically significant.
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Table 1
Demographic and clinical data of the whole patients (n = 122)

Variable Response options Overall

Gender, n (%) Male 69 (56.6)
Female 53 (43.4)

Age (mean (SD)) 58.86 (7.84)
Age of onset (mean (SD)) 55.16 (7.92)
Time from onset to assisted walking- months (mean
(SD))

48.52 (29.46)

Time from onset to catheterization or diaper
dependence- months (mean (SD))

48.50 (32.16)

Duration of motor symptoms combined with non-motor
symptom – months (mean (SD))

29.15 (48.43)

Symptoms onset Motor symptoms 41 (33.6)
n (%) Non-motor symptoms 81 (66.4)
Accuracy of diagnosis Probable 68 (55.7)

Possible 54 (44.3)
PC-Types P 60 (49.2)
n (%) C 62 (50.8)
UMSARS I (mean (SD)) 19.70 (9.48)
UMSARS II (mean (SD)) 21.18 (10.36)
UMSARS IV (median [IQR]) 2 [3]
COMPASS-31 (mean (SD)) 49.25 (20.93)
ICARS (mean (SD)) 46.06 (26.43)
UPDRS III (mean (SD)) 31.10 (17.19)
HAMA (mean (SD)) 13.23 (6.31)
HAMD (mean (SD)) 13.46 (6.89)
PSQI (mean (SD)) 7.52 (6.16)
H-Y(median [IQR]) 3 [1.5]
S&E (median [IQR]) 50 [50]
Number of red flag signs (median [IQR]) 2 [2]
MRI Positive imaging findings

n (%)
89 (73.0)

Atrophy of putamen (and
signal decrease on
iron-sensitive sequences)

31 (25.4)

Atrophy of middle cerebellar
peduncle

20 (16.4)

Atrophy of pons 28 (23.0)
Atrophy of cerebellum 89 (73.0)
“Hot cross bun” sign 1 [2]

Levodopa is effective n (%) 38 (31.1)

The results were represented by mean (SD), median [IQR] or percentage (%). UMSARS, Unified Multiple System Atrophy
Rating Scale (UMSARS); COMPASS-31, Composite Autonomic Symptom Score-31; ICARS, International Cooperative
Ataxia Rating Scale; UPDRS-III, Movement Disorder Society Unified Parkinson’s Disease Rating Scale part3; HAMA-
14, Hamilton Anxiety Scale; HAMD-17, Hamilton Depression Rating Scale; PSQI, Pittsburgh Sleep Quality Index; H-Y,
Modified Hoehn and Yahr Scale; S&E, Schwab and England Activities of Daily Living Scale.

Cluster 3 consisted of 39 cases, with the youngest
age of onset and an average age of 49.52 ± 7.21 years.
Disease progression was relatively gradual, exhibit-
ing the longest time from onset to assisted walking
and to catheterization (p < 0.001). The UMSARS I, II,
and IV; ICARS; and UPDRS III scores, H&Y stage
and S&E scale were the lowest among all three groups
(p < 0.001). The COMPASS-31 was lower than that
in Cluster 1 (p < 0.001), but it was no statistically
significant difference between Cluster 3 and Cluster
2.

Furthermore, no significant differences were
observed among the subgroups in gender, motor
symptoms onset, P-type or C-type, HAMA, HAMD,
PSQI. A comparison of the demographic and clinical
features in the three clusters is shown in Table 3.

PAM

Similar to the K-means cluster results, the best
clustering results in PAM were obtained when K = 3.
The variation in COMPASS-31 sets apart the PAM
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Table 2
Principal component analysis of demographic and clinical data (n = 122)

Components Variables Correlation
Coefficient

Summary of
Characteristics

1 UMSARS I 0.857 Severity of
symptoms

UMSARS II 0.877
UPDRS III 0.869

2 Time from onset
to catheterization
or diaper
dependence

0.871 Rate of disease
progression

Time from onset
to assisted
walking

0.765

3 Age at onset 0.944 Age
Age 0.967

4 ICARS 0.741 Cerebellar
symptoms

P-Types 0.733
5 HAMA 0.745 Mood
6 Duration of motor

symptoms
combined with
non-motor
symptoms

0.695 Rate of disease
progression

7 PSQI 0.766 Sleep
8 Number of red

flag signs
0.912 Red flag signs

clustering outcomes from those of k-mean clustering.
PAM clustering demonstrated a distinctive difference
in the compass-31 total score among the three groups,
with cluster1 taking the lead, followed by Cluster2,
and Cluster 3 occupying the bottom place. Compo-
nent comparisons of other variables showed the same
trend as k-means results. The results of the compar-
isons among groups are shown in Table 4.

SOM

After multiple attempts, we were unable to make
the number of samples in each node as balanced as
possible, so we chose a sample size of 8∼20 for each
node. Ultimately, we clustered the 122 patients into 3
clusters with the following characteristics. Cluster 1
(red): higher UMSARS I, UMSARS II, COMPASS-
31, and UPDRS III scores; rapid progression; late
age of onset; severe clinical symptoms. Cluster 2
(orange): moderate UMSARS I, UMSARS II, and
COMPASS-31 scores; moderate time from onset to
assisted ambulation; moderate progression; moder-
ate clinical symptoms; late age of onset. Cluster 3
(green): long onset to ambulation; early age of onset;
low UMSARS I, UMSARS II, COMPASS-31, and
UPDRS III scores; slow progression; mild clinical

symptoms. The results of the comparisons among
groups were shown in Table 5.

The planar visualization of three cluster method
was shown in Fig. 1.

Additionally, this study examined the distribution
characteristics of levodopa preparation efficacy and
red flag signs among the three clusters of results.
The findings indicate no significant statistical dif-
ference in the efficacy of levodopa preparations
among the three clustering groups. However, 4 red
flag signs demonstrated statistically significant differ-
ences between the groups. Rapid progression within
three years of motor onset and moderate-to-severe
postural instability exhibited distinct distribution pat-
terns among the three clusters. Moreover, the positive
rate of moderate-to-severe postural instability within
three years of motor onset was over 85% in Cluster
1. Cluster 1 also showed a positive rate of rapid pro-
gression within three years of motor onset exceeding
50%, while Cluster 3 showed a positive rate of less
than 10%. The K-means analysis showed that clus-
ter 3 had an incidence of severe speech impairment
within 3 years of motor onset that was below 10%,
which was significantly lower compared to cluster 1
and 2 (p = 0.003). Conversely, PAM results demon-
strated that cluster 2 had a higher positive rate (42.9%)
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Table 3
Comparison of the demography and clinical features between three clusters based on K-means cluster analysis

Variables Cluster p Multiple comparisons
1 2 3

n = 36 n = 47 n = 39

Gender (male, %) 17 (47.2) 28 (59.6) 24 (61.5) 0.398 –
Age 59.12 (6.91) 62.80 (7.46) 53.88 (6.29) <0.001 All comparisons
Age at onset 56.43 (6.98) 58.88 (6.53) 49.52 (7.21) <0.001 I vs. III, II vs. III
Time from onset to assisted walking-months
(MEDIAN [P25, P75])

24.00 [19.75, 37.00] 47.00 [33.00, 58.50] 57.00 [49.00, 72.00] <0.001 All comparisons

Time from onset to catheterization or diaper dependence-months
(MEDIAN [P25, P75])

24.00 [17.00, 46.38] 48.00 [36.00, 61.50] 53.00 [34.00, 73.50] <0.001 I vs. II, I vs. III

Duration of motor symptoms combined with non-motor
symptoms-months
(MEDIAN [P25, P75])

12.00 [5.50, 18.00] 16.00 [11.00, 36.00] 24.00 [7.00, 41.00] 0.139 –

Motor symptoms onset
n (%)

13 (36.1) 18 (38.3) 10 (25.6) 0.433 –

P-Types
n (%)

18 (50.0) 20 (42.6) 22 (56.4) 0.438 –

UMSARS I
(MEDIAN [P25, P75])

29.50 [26.00, 34.75] 17.00 [13.68, 21.00] 12.00 [10.00, 14.00] <0.001 All comparisons

UMSARS II
(MEDIAN [P25, P75])

31.50 [28.75, 36.00] 17.00 [15.00, 21.50] 13.00 [9.50, 15.50] <0.001 All comparisons

UMSARS IV
(MEDIAN [P25, P75])

3.00 [2.00, 4.00] 3.00 [2.00, 4.00] 1.00 [0.00, 1.00] <0.001 I vs. III, II vs. III

COMPASS-31 63.61 (16.85) 45.45 (16.43) 40.57 (22.73) <0.001 I vs. II, I vs. III

(Continued)CORRECTED PROOF
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(Continued)

Variables Cluster p Multiple comparisons
1 2 3

n = 36 n = 47 n = 39

ICARS
(MEDIAN [P25, P75])

53.50 [43.00, 79.50] 56.00 [33.00, 73.50] 22.00 [13.50, 33.00] <0.001 I vs. III, II vs. III

UPDRS III
(MEDIAN [P25, P75])

47.50 [39.00, 63.75] 24.00 [21.00, 28.50] 18.00 [12.27, 24.50] <0.001 All comparisons

HAMA 14.14 (6.31) 12.61 (6.66) 13.14 (5.92) 0.55 –
HAMD 14.50 [8.50, 21.25] 13.00 [8.50, 15.00] 13.00 [9.00, 17.43] 0.572 –
PSQI
(MEDIAN [P25, P75])

7.00 [3.00, 10.25] 8.00 [2.50, 14.00] 7.00 [1.50, 9.87] 0.57 –

H-Y
(MEDIAN [P25, P75])

4.00 [3.00, 4.00] 3.00 [2.75, 4.00] 2.50 [2.00, 3.00] <0.001 All comparisons

S&E
(MEDIAN [P25, P75])

30.00 [27.50, 40.00] 60.00 [35.00, 75.00] 80.00 [75.00, 90.00] <0.001 All comparisons

Number of red flag signs (MEDIAN [P25, P75]) 3.00 [2.00, 4.00] 2.00 [1.50, 4.00] 2.00 [1.00, 3.00] 0.011 I vs. III, II vs. III
Positive imaging findings
n (%)

23 (63.9) 38 (80.9) 28 (71.8) 0.222 –

Atrophy of putamen (and signal decrease on iron-sensitive
sequences)

18(50.0) 11(23.4) 2(5.1) <0.001 I vs. II, I vs. III

Atrophy of middle cerebellar peduncle 9(25.0%) 7(14.9) 4(10.3) 0.228 –
Atrophy of pons 10(27.8) 12(25.5) 6(15.4) 0.384 –
Atrophy of cerebellum 23(63.9) 38(80.9) 28(71.8) 0.222 –
“Hot cross bun” sign 2[0, 3] 1[0, 2] 0[0, 1] 0.027 I vs. III
Levodopa is effective
n (%)

13(36.1) 15(31.9) 10(25.6) 0.625 –

The results were represented by mean ± standard deviation, median [P25, P75] or percentage (%). Student’s t test was used to analyze group differences in normally distributed data, Kruskal–Wallis
one-way ANOVA by ranks was employed for non-Gaussian distributed variables, distributional differences were assessed using Pearson’s χ2 test for independence.
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Table 4
Comparison of the demography and clinical features between three clusters based on PAM

Variables Cluster p Multiple comparisons
1 2 3

n = 26 n = 56 n = 40

Gender (male, %) 13 (50.0) 30 (53.6) 26 (65.0) 0.403 –
Age 60.32 (7.22) 60.99 (7.19) 54.93 (7.78) <0.001 I vs. III, II vs. III
Age at onset 57.71 (7.10) 57.24 (6.62) 50.60 (8.29) <0.001 I vs. III, II vs. III
Time from onset to assisted walking- months
(MEDIAN [P25, P75])

31.00 [18.25, 37.75] 39.00 [26.25, 52.67] 57.00 [48.00, 67.00] <0.001 All comparisons

Time from onset to catheterization or diaper dependence- months
(MEDIAN [P25, P75])

21.50 [13.00, 41.25] 48.00 [31.75, 60.00] 52.00 [35.00, 67.00] <0.001 I vs. II, I vs. III

Duration of motor symptoms combined with non-motor
symptoms-months
(MEDIAN [P25, P75])

13.00 [6.25, 18.00] 14.00 [8.75, 27.00] 24.00 [8.00, 40.00] 0.203 –

Motor symptoms onset
n (%)

9 (34.6) 21 (37.5) 11 (27.5) 0.588 –

P-Types
n (%)

16 (61.5) 21 (37.5) 23 (57.5) 0.056 –

UMSARS I
(MEDIAN [P25, P75])

32.00 [28.25, 38.50] 19.50 [14.00, 22.50] 12.00 [10.00, 14.00] <0.001 All comparisons

UMSARS II
(MEDIAN [P25, P75])

33.00 [30.25, 36.75] 19.00 [16.00, 26.00] 12.50 [9.75, 15.25] <0.001 All comparisons

UMSARS IV
(MEDIAN [P25, P75])

3.00 [2.25, 4.00] 3.00 [2.00, 4.00] 1.00 [0.00, 1.00] <0.001 I vs. III, II vs. III

COMPASS-31 66.65 (16.06) 47.84 (16.79) 39.91 (22.41) <0.001 All comparisons

(Continued)CORRECTED PROOF
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Table 4
(Continued)

Variables Cluster p Multiple comparisons
1 2 3

n = 26 n = 56 n = 40

ICARS
(MEDIAN [P25, P75])

47.00 [40.75, 58.75] 62.00 [35.75, 78.75] 22.00 [13.75, 33.00] <0.001 I vs. III, II vs. III

UPDRS III
(MEDIAN [P25, P75])

60.50 [44.50, 68.00] 25.00 [21.75, 33.00] 17.50 [12.40, 24.25] <0.001 All comparisons

HAMA 14.27 (6.13) 12.78 (6.60) 13.19 (6.09) 0.613 –
HAMD 14.50 [9.25, 22.50] 13.00 [8.00, 17.25] 12.50 [8.75, 16.25] 0.533 –
PSQI
(MEDIAN [P25, P75])

7.00 [3.25, 11.25] 7.50 [1.75, 11.58] 7.00 [2.00, 9.81] 0.736 –

H-Y
(MEDIAN [P25, P75])

4.00 [3.00, 5.00] 3.00 [3.00, 4.00] 2.50 [2.00, 3.00] <0.001 All comparisons

S&E
(MEDIAN [P25, P75])

30.00 [20.00, 40.00] 50.00 [30.00, 70.00] 80.00 [77.50, 90.00] <0.001 All comparisons

Number of red flag signs (MEDIAN [P25, P75]) 2.50 [2.00, 4.00] 3.00 [2.00, 4.00] 2.00 [1.00, 2.25] 0.004 I vs. III, II vs. III
Positive imaging findings
n (%)

17 (65.4) 44 (78.6) 28 (70.0) 0.418 –

Atrophy of putamen (and signal decrease on iron-sensitive
sequences)

13(50.0) 16(28.6) 2(5.0) <0.001 I vs. III

Atrophy of middle cerebellar peduncle 7(26.9) 9(16.1) 4(10.0) 0.216 –
Atrophy of pons 7(26.9) 7(26.8) 6(15.0) 0.345 –
Atrophy of cerebellum 17(65.4) 44(78.6) 28(70) 0.401 –
“Hot cross bun” sign 2[0, 3] 1[0, 2] 0[0, 1] 0.045 I vs. III
Levodopa is effective
n (%)

6(23.1) 20(35.7) 12(30.0) 0.496 –CORRECTED PROOF
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Table 5
Comparison of the demography and clinical features between the three clusters based on SOM

Variables Cluster p Multiple comparisons
1 2 3

n = 33 n = 78 n = 11
red orange green

Gender (male, %) 18 (54.5) 46 (59.0) 5 (45.5) 0.673 –
Age 59.20 (7.23) 59.19 (7.96) 55.55 (8.69) 0.342 –
Age at onset 56.41 (7.18) 55.89 (7.32) 46.27 (9.22) <0.001 I vs. III, II vs. III
Time from onset to assisted walking- months
(MEDIAN [P25, P75])

24.00 [20.00, 37.00] 48.00 [36.00, 57.00] 120.00 [102.00, 138.15] <0.001 All comparisons

Time from onset to catheterization or diaper dependence- months
(MEDIAN [P25, P75])

24.00 [17.00, 36.00] 48.00 [34.00, 59.75] 115.00 [102.00, 135.50] <0.001 All comparisons

Duration of motor symptoms combined with non-motor symptoms-
months
(MEDIAN [P25, P75])

12.00 [6.00, 18.00] 12.50 [5.00, 34.50] 85.00 [45.50, 108.00] <0.001 I vs. III, II vs. III

Motor symptoms onset
n (%)

12 (36.4) 27 (34.6) 2 (18.2) 0.517 –

P-Types
n (%)

18 (54.5) 37 (47.4) 5 (45.5) 0.765 –

UMSARS I
(MEDIAN [P25, P75])

30.00 [26.00, 37.00] 15.00 [12.00, 20.00] 11.00 [8.50, 12.00] <0.001 All comparisons

UMSARS II
(MEDIAN [P25, P75])

31.00 [28.00, 36.00] 16.50 [12.78, 20.00] 14.00 [12.00, 14.00] <0.001 I vs. II, I vs. III

UMSARS IV
(MEDIAN [P25, P75])

3.00 [2.00, 4.00] 2.00 [1.00, 3.00] 2.00 [1.00, 4.00] 0.026 I vs. II

COMPASS-31 66.12 (14.37) 44.34 (19.37) 33.45 (18.69) <0.001 I vs. II, I vs. III

(Continued)CORRECTED PROOF
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Table 5
(Continued)

Variables Cluster p Multiple comparisons
1 2 3

n = 33 n = 78 n = 11
red orange green

ICARS
(MEDIAN [P25, P75])

47.00 [40.00, 70.00] 34.50 [20.25, 67.00] 44.00 [33.00, 61.50] 0.1 –

UPDRS III
(MEDIAN [P25, P75])

51.00 [39.00, 66.00] 22.50 [18.25, 29.00] 18.00 [15.50, 18.00] <0.001 All comparisons

HAMA 14.51 (6.54) 13.12 (6.23) 10.18 (5.47) 0.138 –
HAMD 15.00 [9.00, 22.00] 13.00 [9.00, 16.75] 11.00 [8.50, 15.50] 0.556 –
PSQI
(MEDIAN [P25, P75])

7.58 [4.00, 12.00] 7.00 [1.00, 10.00] 8.00 [2.50, 13.00] 0.399 –

H-Y
(MEDIAN [P25, P75])

4.00 [3.00, 4.00] 3.00 [2.00, 3.75] 2.50 [2.00, 3.00] <0.001 I vs. II, I vs. III

S&E
(MEDIAN [P25, P75])

30.00 [20.00, 40.00] 70.00 [40.00, 80.00] 80.00 [60.00, 80.00] <0.001 I vs. II, I vs. III

Number of red flag signs (MEDIAN [P25, P75]) 3.00 [2.00, 4.00] 2.00 [1.00, 3.00] 3.00 [1.00, 3.00] 0.185 –
Positive imaging findings
n (%)

20 (60.6) 58 (74.4) 11 (100.0) 0.035 –

Atrophy of putamen (and signal decrease on iron-sensitive
sequences)

15(45.5) 14(17.9) 2(18.2) 0.01 I vs. II

Atrophy of middle cerebellar peduncle 9(27.3) 10(12.8) 1(9.1) 0.158
Atrophy of pons 8(24.2) 19(24.4) 1(9.1) 0.631
Atrophy of cerebellum 20 (60.6) 58 (74.4) 11 (100.0) 0.027 I vs. III
“Hot cross bun” sign 1[0, 2] 1[0, 2] 0[0, 1] 0.254
Levodopa is effective
n (%)

10(30.3) 24(30.8) 4(36.4) 0.910 –CORRECTED PROOF
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of severe speech impairment within 3 years of motor
onset compared to cluster 1 and 3 (p < 0.05). In the
case of SOM, cluster 3 had a significantly higher inci-
dence of cold and discolored hands and feet compared
to clusters 1 and 2 (p = 0.008). Detailed results are
presented in Supplementary Table 3.

Table 6 presents a comparative analysis of the
three clustering methods. Cluster 1 demonstrated the
highest stability among the three methods, and there
were no statistically significant differences in any of
the variables. In cluster 2, there were differences in
age, UMSARS score, ICARS score, and S&E score
between groups. Overall, the scores of cluster 2, clus-
tered by SOM method, were lower than those of the
other two groups. Statistical differences were found
between the groups in terms of onset to assisted walk-
ing, onset to catheterization, and UMSARS IV in
cluster 3 SOM. Cluster 3 SOM was classified as more
conservative due to longer time from onset to assisted
walking and time from onset to catheterization or dia-
per dependence, as well as more severe UMSARS IV.
In general, the results of the three clustering methods
were generally stable.

DISCUSSION

This study categorized MSA patients into three dis-
tinct clusters based on clinical characteristics, and
these clusters exhibited variations in disease pro-
gression and severity, providing valuable insights for
understanding and managing MSA.

A total of 122 patients were included in this
statistic, with a mean age of onset of 55.16 ± 7.84
years and a male-to-female ratio of 1.3 : 1, with a
higher prevalence in males. The proportion of patients
with the Parkinsonian subtype (60 cases) and the
cerebellar subtype (62 cases) was generally equal,
which deviates from previous reports from Japan,
where the cerebellar subtype was more common
than the Parkinsonian subtype. All the patients were
from mainland China, primarily from the central
and western regions. This geographical distribution
may be related to differences in the patients’ natu-
ral environment and dietary habits. The majority of
MSA patients presented with nonmotor symptoms
at onset (66.4%). The present study revealed that
patients with MSA exhibit signs of mild anxiety and
depression, as indicated by the average HAMA score
of 13.23 ± 6.31 and the average HAMD score of
13.46 ± 6.89, respectively. Therefore, interventions
may be necessary to address these emotional con-

cerns. Additionally, the median number of red flag
signs was 2, suggesting that the clinical manifesta-
tions of MSA are atypical, making it challenging
to differentiate MSA from other diseases such as
Parkinson’s disease and hereditary ataxia. Atrophy of
cerebellum was the most common positive finding on
MRI, but it was not highly specific for the diagnosis
of MSA.

The results obtained from two of the three clus-
tering methods, namely, K-means and PAM, possess
greater clinical relevance and interpretability. The K-
means results showed that Cluster 1 exhibited an
average onset age of 56.43 years, with an age range
spanning from 45 to 74 years, thus signifying a
middle-aged to elderly onset demographic. The dis-
tribution of onset age between Cluster 1 and Cluster 2
was not significantly different, although Cluster 1 dis-
played a more rapid progression rate than Cluster 2,
as evidenced by the time from onset to assisted walk-
ing and time from onset to catheterization or diaper
dependence. Additionally, Cluster 1 exhibited higher
scores on the UMSARS I, UMSARS II, UMSARS IV,
COMPASS-31, and UPDRS III scales compared to
Cluster 2. This suggests that MSA patients belonging
to Cluster 1 tended to exhibit poorer daily living abili-
ties and motor function, greater overall disability, and
more pronounced autonomous nervous system dys-
function and Parkinson’s symptoms than their Cluster
2 counterparts.

Cluster 3 displayed an average age of onset of
49.52 years, a total of 13 patients (33.33%) showed
symptoms before the age of 45, while all the patients
presented symptoms prior to the age of 65. Thus, the
onset of symptoms in Cluster 3 primarily occurs in
individuals of middle age. The progression of the dis-
ease was slow, with median times to assisted walking
and catheterization both exceeding five years. Among
the three groups, Cluster 3 exhibited the mildest
disability level, as well as the lowest UMSARS I,
UMSARS II, UMSARS IV, COMPASS-31, ICARS,
and UPDRS III scores. A previous European cohort
study showed that patients with pathologically con-
firmed YOMSA survived 11.1 years (SD = 3.2),
which is longer than the previously reported mean
survival of patients with MSA. This evidence indi-
cates that a younger age of MSA onset is associated
with longer survival.

According to the characteristics, we named the
three subtypes. Cluster 1, characterized by mid-
to-late onset, rapid progression and severe clinical
symptoms, was named the aggressive progression
subtype (MSA-AP). Cluster 2, also featuring mid-

CORRECTED PROOF
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Fig. 1. Diagram of clustering results. The plot is constructed based on the Z-score calculated for each variable within the cluster. The Z-score
signifies the standardized value of each variable. a) the result of K-means. b) the result of PAM. The color blue represents a higher score,
while red indicates a lower score, and white denotes a value falling in between. The magnitude of color difference directly corresponds to
the extent of disparity observed between the subtypes. c) the result of SOM, cluster 1: red background; cluster 2: orange background; cluster
3: green background. Within each circle, different colors of sectors represent different variables, and the area of each sector indicates the
magnitude of the corresponding variable. Specifically, larger areas correspond to higher values of the variable.

CORRECTED PROOF
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Table 6A
Comparison of three clustering methods in cluster 1

Cluster1 K-means PAM SOM p

n 36 26 33
Gender (male, %) 17 (47.2) 13 (50.0) 18 (54.5) NS
Age 59.12 (6.91) 60.32 (7.22) 59.20 (7.23) NS
Age at onset 56.43 (6.98) 57.71 (7.10) 56.41 (7.18) NS
Time from onset to assisted
walking (MEDIAN [P25, P75])

24.00 [19.75, 37.00] 31.00 [18.25, 37.75] 24.00 [20.00, 37.00] NS

Time from onset to
catheterization or diaper
dependence (MEDIAN [P25,
P75])

24.00 [17.00, 46.38] 21.50 [13.00, 41.25] 24.00 [17.00, 36.00] NS

Duration of motor symptoms
combined with non-motor
symptoms (MEDIAN [P25, P75])

12.00 [5.50, 18.00] 13.00 [6.25, 18.00] 12.00 [6.00, 18.00] NS

Motor symptoms onsetn (%) 13 (36.1) 9 (34.6) 12 (36.4) NS
P-Typesn (%) 18 (50.0) 16 (61.5) 18 (54.5)
UMSARS I (MEDIAN [P25,
P75])

29.50 [26.00, 34.75] 32.00 [28.25, 38.50] 30.00 [26.00, 37.00] NS

UMSARS II (MEDIAN [P25,
P75])

31.50 [28.75, 36.00] 33.00 [30.25, 36.75] 31.00 [28.00, 36.00] NS

UMSARS IV (MEDIAN [P25,
P75])

3.00 [2.00, 4.00] 3.00 [2.25, 4.00] 3.00 [2.00, 4.00] NS

COMPASS-31 63.61 (16.85) 66.65 (16.06) 66.12 (14.37) NS
ICARS 53.50 [43.00, 79.50] 47.00 [40.75, 58.75] 47.00 [40.00, 70.00] NS
UPDRS III 47.50 [39.00, 63.75] 60.50 [44.50, 68.00] 51.00 [39.00, 66.00] NS
HAMA 14.14 (6.31) 14.27 (6.13) 14.51 (6.54) NS
HAMD 14.50 [8.50, 21.25] 14.50 [9.25, 22.50] 15.00 [9.00, 22.00] NS
PSQI 7.00 [3.00, 10.25] 7.00 [3.25, 11.25] 7.58 [4.00, 12.00] NS
H-Y 4.00 [3.00, 4.00] 4.00 [3.00, 5.00] 4.00 [3.00, 4.00] NS
S&E 30.00 [27.50, 40.00] 30.00 [20.00, 40.00] 30.00 [20.00, 40.00] NS
Number of red flag signs
(MEDIAN [P25, P75])

3.00 [2.00, 4.00] 2.50 [2.00, 4.00] 3.00 [2.00, 4.00] NS

Positive imaging findings 23 (63.9) 17 (65.4) 20 (60.6) NS
Levodopa is effective 13 (36.1) 6 (23.1) 10 (30.3) NS

to-late onset, moderate progression and moderate
severity of clinical symptoms, was named the typical
subtype (MSA-T). Finally, Cluster 3, with early-
to-mid onset, slow progression and mild clinical
symptoms, was named the early-onset slow progres-
sion subtype (MSA-ESP). An epidemiological study
conducted in Hokkaido, Japan, revealed that the prog-
nosis worsened with increasing age of onset [24],
which is consistent with the aggressive progression
subtype.

The PAM clustering results were roughly the same
as the K-means results and will not be repeated
here. According to each group of features, Cluster
2, characterized by mid-to-late onset, moderate pro-
gression and moderate severity of clinical symptoms,
was identified as MSA-T. Cluster 3, characterized by
early-to-mid onset, slow progression and mild clini-
cal symptoms, was identified as MSA-ESP. Finally,
Cluster 1, characterized by mid-to-late onset, rapid
progression and severe clinical symptoms, was iden-
tified as MSA-AP.

The SOM clustering results can also be classified
into the same 3 subtypes by clinical characteristics.
Unlike the results of the first two methods, the aggres-
sive progression subtype did not have prominent
ataxia symptoms, which was reflected in the ICARS
score.

The results of K-means showed that 50% of the
patients in Cluster 1 had atrophy of putamen, which
was much higher than that in the other two groups.
The “hot cross bun” sign stage of Cluster 3 was
lower than that of Cluster1. PAM results were basi-
cally consistent with K-means results. SOM results
showed that 45.5% of the patients in Cluster 1 had
atrophy of putamen, which was higher than that in
Cluster 2. The three clustering results showed that
the incidence of atrophy of cerebellum was the high-
est, and there was no difference in the distribution
among the three subtypes in K-means and PAM. The
incidence of atrophy of cerebellum in Cluster 3 in
SOM is 100%, which is higher than that in Cluster
1, which may be related to the small sample size of

CORRECTED PROOF
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Table 6B
Comparison of three clustering methods in cluster 2

Cluster2 K-means PAM SOM p

n 47 56 78 NS
Gender (male, %) 28 (59.6) 30 (53.6) 46 (59.0) NS
Age 62.80 (7.46) 60.99 (7.19) 59.19 (7.96) 0.04
Age at onset 58.88 (6.53) 57.24 (6.62) 55.89 (7.32) NS
Time from onset to assisted
walking (MEDIAN [P25, P75])

47.00 [33.00, 58.50] 39.00 [26.25, 52.67] 48.00 [36.00, 57.00] NS

Time from onset to
catheterization or diaper
dependence (MEDIAN [P25,
P75])

48.00 [36.00, 61.50] 48.00 [31.75, 60.00] 48.00 [34.00, 59.75] NS

Duration of motor symptoms
combined with non-motor
symptoms (MEDIAN [P25, P75])

16.00 [11.00, 36.00] 14.00 [8.75, 27.00] 12.50 [5.00, 34.50] NS

Motor symptoms onsetn (%) 18 (38.3) 21 (37.5) 27 (34.6) NS
P-Typesn (%) 20 (42.6) 21 (37.5) 37 (47.4) NS
UMSARS I (MEDIAN [P25,
P75])

17.00 [13.68, 21.00] 19.50 [14.00, 22.50] 15.00 [12.00, 20.00] 0.004

UMSARS II (MEDIAN [P25,
P75])

17.00 [15.00, 21.50] 19.00 [16.00, 26.00] 16.50 [12.78, 20.00] 0.002

UMSARS IV (MEDIAN [P25,
P75])

3.00 [2.00, 4.00] 3.00 [2.00, 4.00] 2.00 [1.00, 3.00] <0.01

COMPASS-31 45.45 (16.43) 47.84 (16.79) 44.34 (19.37) NS
ICARS 56.00 [33.00, 73.50] 62.00 [35.75, 78.75] 34.50 [20.25, 67.00] <0.01
UPDRS III 24.00 [21.00, 28.50] 25.00 [21.75, 33.00] 22.50 [18.25, 29.00] NS
HAMA 12.61 (6.66) 12.78 (6.60) 13.12 (6.23) NS
HAMD 13.00 [8.50, 15.00] 13.00 [8.00, 17.25] 13.00 [9.00, 16.75] NS
PSQI 8.00 [2.50, 14.00] 7.50 [1.75, 11.58] 7.00 [1.00, 10.00] NS
H-Y 3.00 [2.75, 4.00] 3.00 [3.00, 4.00] 3.00 [2.00, 3.75] NS
S&E 60.00 [35.00, 75.00] 50.00 [30.00, 70.00] 70.00 [40.00, 80.00] 0.02
Number of red flag signs
(MEDIAN [P25, P75])

2.00 [1.50, 4.00] 3.00 [2.00, 4.00] 2.00 [1.00, 3.00] NS

Positive imaging findings 38 (80.9) 44 (78.6) 58 (74.4) NS
Levodopa is effective 15(31.9) 20(35.7) 24(30.8) NS

Cluster 3. It has been shown that an increase in the
“hot cross bun” sign stage may be associated with an
increased likelihood of disability in MSA-C, but not
MSA-P cases, which is consistent with the trend in
our study. Taken together, we believed that atrophy of
putamen represented a faster rate of progression and
a worse prognosis. Atrophy of cerebellum was the
most common lesion in MSA, but it was not related
to the severity of MSA. Higher “Hot cross bun” sign
stage might be positively correlated with the severity
of symptoms, but further studies with large samples
were needed to confirm this.

The distribution of the red flag sign suggests that if
the patient had moderate to severe postural instability
within 3 years of motor onset or rapid progression
within 3 years of motor onset, then this patient may
belong to MSA-AP. severe speech impairment within
3 years of motor onset suggests that the patient may
belong to MSA-T or MSA-AP. The presence of cold
discolored hands and feet suggests that the patient

may have MSA-ESP. This may have some guiding
significance for doctors in clinical work.

To explore the importance of clinical character-
istics in defining clusters, we performed regression
analyses targeting the clustering results of k-means.
Based on the PCA results, we included time from
onset to assisted walking, age at onset, UPDRS
III, ICRAS, HAMA, duration of motor symptoms
combined with non-motor symptoms, PSQI and
number of red flag signs to construct the mul-
tivariate logistic regression equation, the detailed
results are shown in Table 7. We found sta-
tistically significant associations between cluster
membership and time from onset to assisted walk-
ing (OR = 0.910, 95% CI 0.840–0.986, p < 0.05),
age at onset (OR = 0.801, 95% CI 0.646–0.993,
p < 0.05), and UPDRS3 scores (OR = 1.433, 95% CI
1.187–1.731, p < 0.01). However, the patient’s age at
onset (OR = 0.694, 95% CI 0.579–0.831, p < 0.01)
and ICRAS score (OR = 0.899, 95% CI 0.851–0.950,

CORRECTED PROOF
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Table 6C
Comparison of three clustering methods in cluster 3

Cluster3 K-means PAM SOM p

n 39 40 11 NA
Gender (male, %) 24 (61.5) 26 (65.0) 5 (45.5) NA
Age 53.88 (6.29) 54.93 (7.78) 55.55 (8.69) NA
Age at onset 49.52 (7.21) 50.60 (8.29) 46.27 (9.22) NA
Time from onset to assisted
walking (MEDIAN [P25, P75])

57.00 [49.00, 72.00] 57.00 [48.00, 67.00] 120.00 [102.00, 138.15] <0.01

Time from onset to
catheterization or diaper
dependence (MEDIAN [P25,
P75])

53.00 [34.00, 73.50] 52.00 [35.00, 67.00] 115.00 [102.00, 135.50] <0.01

Duration of motor symptoms
combined with non-motor
symptoms (MEDIAN [P25, P75])

24.00 [7.00, 41.00] 24.00 [8.00, 40.00] 85.00 [45.50, 108.00] NA

Motor symptoms onsetn (%) 10 (25.6) 11 (27.5) 2 (18.2) NA
P-Typesn (%) 22 (56.4) 23 (57.5) 5 (45.5) NA
UMSARS I (MEDIAN [P25,
P75])

12.00 [10.00, 14.00] 12.00 [10.00, 14.00] 11.00 [8.50, 12.00] NA

UMSARS II (MEDIAN [P25,
P75])

13.00 [9.50, 15.50] 12.50 [9.75, 15.25] 14.00 [12.00, 14.00] NA

UMSARS IV (MEDIAN [P25,
P75])

1.00 [0.00, 1.00] 1.00 [0.00, 1.00] 2.00 [1.00, 4.00] <0.01

COMPASS-31 40.57 (22.73) 39.91 (22.41) 33.45 (18.69) NA
ICARS 22.00 [13.50, 33.00] 22.00 [13.75, 33.00] 44.00 [33.00, 61.50] NA
UPDRS III 18.00 [12.27, 24.50] 17.50 [12.40, 24.25] 18.00 [15.50, 18.00] NA
HAMA 13.14 (5.92) 13.19 (6.09) 10.18 (5.47) NA
HAMD 13.00 [9.00, 17.43] 12.50 [8.75, 16.25] 11.00 [8.50, 15.50] NA
PSQI 7.00 [1.50, 9.87] 7.00 [2.00, 9.81] 8.00 [2.50, 13.00] NA
H-Y 2.50 [2.00, 3.00] 2.50 [2.00, 3.00] 2.50 [2.00, 3.00] NA
S&E 80.00 [75.00, 90.00] 80.00 [77.50, 90.00] 80.00 [60.00, 80.00] NA
Number of red flag signs
(MEDIAN [P25, P75])

2.00 [1.00, 3.00] 2.00 [1.00, 2.25] 3.00 [1.00, 3.00] NA

Positive imaging findings 28 (71.8) 28 (70.0) 11 (100.0) NA
Levodopa is effective 10 (25.6) 12 (30.0) 4 (36.4) NA

p < 0.01) were both statistically significant factors
in determining whether they belonged to cluster3.
These results suggest that a longer time from onset
to assisted walking is associated with a lower likeli-
hood of the patient belonging to MSA-AP. Although
older age at onset is not a unique feature of MSA-
AP, the onset age of MSA-T may be slightly higher
than that of MSA-AP. Additionally, patients with a
higher age at onset are less likely to have MSA-AP
and more likely to have MSA-T. The prominence of
parkinsonism symptoms in MSA-AP is indicated by
a higher UPDRS III. The ICRAS score is inversely
proportional to the likelihood of the patient belong-
ing to MSA-ESP. Therefore, the ataxia symptoms of
MSA-ESP should not be too prominent.

Limitations

Our study has certain limitations. First, the delay in
time and strictness of the criteria may have resulted in

the exclusion of MSA patients in the early stages of
the disease, and only those in the mid-to-late stages
of the disease were included. The follow-up period of
3 years was not long enough to use death as an impor-
tant endpoint. Moreover, the poor compliance of
patients during follow-up made it difficult to conduct
complex scale evaluations. Only a few patients came
to the hospital during the follow-up period, while the
rest were followed up over the phone. In addition, the
second consensus criterion for MSA has a positive
predictive value of 86% [25], and the patients in this
article were not pathologically confirmed, with the
possibility of misdiagnosis. To minimize such errors,
we limited patients to those who had received a diag-
nosis of MSA from three neurologists at the same
time. It should be noted that the new diagnostic cri-
teria for MDS published in 2022 were not adopted as
many cases had already been diagnosed earlier. Fur-
thermore, the diagnostic criteria for 2022 were not
yet available. Therefore, patients were treated using
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Table 7
Multivariate Logistic regression based on K-means results

Cluster Variables p OR OR 95%CI
Lower
limits

Upper
limits

1 Time from onset to assisted walking 0.022 0.910 0.840 0.986
Age at onset 0.043 0.801 0.646 0.993
UPDRS III 0.000 1.433 1.187 1.731
ICRAS 0.096 1.067 0.989 1.151
HAMA 0.944 0.993 0.814 1.211
Duration of motor symptoms combined with
non-motor symptoms

0.149 1.020 0.993 1.049

PSQI 0.274 0.908 0.763 1.080
Number of red flag signs 0.694 0.845 0.366 1.952

3 Time from onset to assisted walking 0.093 1.036 0.994 1.081
Age at onset s 0.000 0.694 0.579 0.831
UPDRS III 0.262 0.944 0.854 1.044
ICRAS 0.000 0.899 0.851 0.950
HAMA 0.069 1.151 0.989 1.340
Duration of motor symptoms combined with
non-motor symptoms

0.647 0.995 0.972 1.018

PSQI 0.779 0.978 0.836 1.144
Number of red flag signs 0.140 0.673 0.398 1.138

The reference category is cluster 2.

Gilman’s diagnostic criteria in 2008. Gilman’s 2008
diagnostic criteria are used in this article to ensure
data accuracy.

In summary, we explored the clinical subtypes
of MSA using cluster analysis and identified three
subtypes: MSA-AP, MSA-T, and MSA-ESP. Com-
pared to the traditional classification method, this
approach offers the advantage of providing insight
into disease onset, progression rate, and severity, all
of which are critical factors for patient prognosis. We
hope this classification can provide a reference for
clinicians to develop reasonable treatment and man-
agement strategies for different subtypes. However,
given the complex clinical manifestations of MSA
and the overlap of multiple symptoms, the sample
size of this study is relatively small and may not
yet be sufficient for a comprehensive classification
of MSA subtypes. Further research with large-scale,
multicenter studies is needed to refine the clinical
classification. Due to geographic and cultural differ-
ences, we were unable to perform pathologic biopsies
in these patients to analyze whether each subtype has
a specific pathologic basis. If we can find differences
between subtypes at the pathological and physiologi-
cal levels, we will present more accurate and reliable
MSA subtypes in the future.
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