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Abstract.

Background: Multiple system atrophy (MSA) is an intractable neurodegenerative disorder with poorly understanding of
prognostic factors.

Objective: The purpose of this retrospective longitudinal study was to explore the main predictors of survival of MSA patients
with new clinical subtypes based on cluster analysis.

Methods: A total of 153 Chinese MSA patients were recruited in our study. The basic demographic data and motor and
nonmotor symptoms were assessed. Cluster and principal component analysis (PCA) were used to eliminate collinearity and
search for new clinical subtypes. The multivariable Cox regression was used to find factors associated with survival in MSA
patients.

Results: The median survival time from symptom onset to death (estimated using data from all patients by Kaplan-Meier
analysis) was 6.3 (95%CI =6.1-6.7) years. The survival model showed that a shorter survival time was associated with motor
principal component (PC)1 (HR=1.71, 95%CI: 1.26-2.30, p <0.001) and nonmotor PC3 (HR =1.68, 95%CI: 1.31-2.10,
p <0.001) through PCA. Four clusters were identified: Cluster 1 (mild), Cluster 2 (mood disorder-dominant), Cluster 3 (axial
symptoms and cognitive impairment-dominant), and Cluster 4 (autonomic failure-dominant). Multivariate Cox regression
indicated that Cluster 3 (HR =4.15, 95%CI: 1.73-9.90, p=0.001) and Cluster 4 (HR =4.18, 95%CI: 1.73-10.1, p=0.002)
were independently associated with shorter survival time.

Conclusion: More serious motor symptoms, axial symptoms such as falls and dysphagia, orthostatic hypotension, and
cognitive impairment were associated with poor survival in MSA via PCA and cluster analysis.
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INTRODUCTION

Multiple system atrophy (MSA) is an intractable
neurodegenerative disorder characterized by vari-
ous combinations of parkinsonism, cerebellar ataxia,
and autonomic failure, and the prevalence of MSA
is 3-5/100000 in the general population [1, 2].
Two main subtypes of MSA are MSA with pre-
dominant parkinsonism (MSA-P) and MSA with
prominent cerebellar ataxia (MSA-C). The etiology
of MSA is unknown, the formation of glial cytoplas-
mic inclusions and selected neuronal loss are mostly
recognized to be related with MSA [3, 4]. The prog-
nosis for MSA varies widely, with an average survival
time of 610 years [5-7]. A better understanding of
the prognostic factors of MSA can guide the design
of therapeutic interventions to extend survival and
improve the quality of life of MSA patients.

Previous studies based on medical history and chief
complaints found that age of onset, MSA subtype,
early falls, and early autonomic symptoms includ-
ing bladder or urinary symptoms and orthostatic
intolerance were associated with shorter survival
[7-10]. Some other studies based on limited scales
found higher Unified Multiple System Atrophy Rat-
ing Scale (UMSARS) score was associated with
shorter survival [11]. Some studies based on certain
or several symptoms or signs assessed by objective
assessment found that the risk of death was higher
in patients with rapid eye movement sleep behavior
disorder (RBD), degree of autonomic failure, cold
hand sign, or neurogenic lower urinary tract dysfunc-
tion [12-14]. Besides, several studies investigated
autonomic dysfunction, higher UMSARS score and
frequent falls at baseline were independent mark-
ers for poor survival in MSA in Chinese MSA
patients [11, 13, 14]. However, whether other symp-
toms including cognitive impairment, mood disorder,
RBD and others associated with prognosis in MSA
patients, especially Chinese MSA patients was rarely
reported.

At present, the research on prognostic factors of
MSA mainly focuses on the evaluation of clinical
scales. Besides, subjective complaints and the mul-
ticollinearity among various scales in some previous
studies may affect the accuracy of these results. Thus,
in this study, we performed principal component anal-
ysis (PCA) to explore the main predictors of shorter
survival in Chinses MSA patients based on compre-
hensive motor and non-motor scales. Furthermore,
we also used cluster analysis techniques to investigate
clinical subtypes of MSA and its prognosis.

MATERIALS AND METHODS
Study design and clinical setting

This is a retrospective longitudinal study. A total
of 153 Chinese MSA patients were recruited from the
movement disorder clinic and ward at Department of
Neurology, Ruijin Hospital affiliated to Shanghai Jiao
Tong University School of Medicine from September
2015 to August 2018. The retrospective follow-up by
telephone or face-to-face interview by our neurolo-
gists lasted until March 2022. The study protocol was
approved by the Ethics Committee of Ruijin Hospital
affiliated to Shanghai Jiao Tong University School of
Medicine. Written informed consents were obtained
from all participants in the study as well.

Farticipants

All patients were diagnosed as probable MSA
according to MSA diagnostic consensus by senior
movement disorder specialists. The inclusion criteria
were as follows: a parkinsonian or cerebellar syn-
drome with autonomic failure on the basis of MSA
diagnostic consensus [15], and ability to complete
the questionnaires and physical and neurological
examination. The exclusion criteria were as follows:
onset under 30 or over 75 years old, history of sec-
ondary neurological or psychiatric diseases such as
epilepsy, brain tumor, head trauma, stroke, demen-
tia, cerebral small-vessel disease and so on, evidence
of physical illness disturbing clinical study such as
hearing or vision loss, severe cardiac or respiratory
disorders.

Variables and data measurement/source

At baseline evaluation, all patients received a
questionnaire comprising the basic demographic
data: age, gender, disease duration, and educa-
tion year. We assessed disease severity using the
UMSARS [16]. UMSARS Part I was used to assess
motor and autonomic disability, and Part II was
used to assess motor impairment. The UMSARS
Part III was used to assess orthostatic hypoten-
sion defined as drops of systolic blood pressure
>30 mmHg and/or diastolic blood pressure >15
mmHg. UMSARS Part IV was used to assess the
severity of disability. Non-motor symptoms were
evaluated with a battery of neuropsychological tests:
1) Mini-Mental State Examination (MMSE) for cog-
nitive function; 2) 16-item odor identification test
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from Sniffin’ Sticks (SS-16) for olfaction; 3) RBD
Screening Questionnaire (RBDSQ) for clinical pos-
sible RBD; 4) Composite autonomic symptom score
(COMPASS31) for autonomic function; 5) 17-item
Hamilton Rating Scale for Depression (HAMD-17);
6) Hamilton Anxiety Scale (HAMA) for anxiety. Sur-
vival time was defined as the interval from disease
onset to death or the end of follow-up (March 2022).
Loss to follow-up is due to change of telephone num-
ber or refusal of follow-up evaluation.

Sample size and statistical analysis

Demographic and clinical variables were presented
as frequency for categorical variables, or as the mean
and standard deviation for continuous variables. One-
way ANOVA and x? tests were used to compare
between the variables or clusters.

Sample size was calculated according to Cox pro-
portional hazards regression model [17], The formula
(z1-aptz1-5)

P(1-R?)o?B? *
Finally, we calculated the sample size to be 111
using PASS 15.0. Considering loss of follow-up,
it is appropriate to increase the sample size by
20%, the enrollment sample size should be at least
139.

As significant correlations existed between scales
(Supplementary Table 1), we performed PCA of the
motor or nonmotor symptom scales separately at first
after zero centering and scaling to avoid collinear-
ity. Principal components (PCs) whose eigenvalue
exceed 1 retained. The contributions of variables to
the PCs are illustrated in Supplementary Table 2. An
eigenvector of independent variable was considered
as large if its absolute value exceeded 0.3. Agglomer-
ative hierarchical clustering with Ward error sum of
squares algorithm was used for cluster analysis. The
PCs selected in PCA analysis were imputed in multi-
ple hierarchical cluster analyses using the Euclidian
distance. The optimal number of clusters was deter-
mined using the elbow method and the dendrogram
(Supplementary Figures 1 and 2). All cluster anal-
yses and data visualizations were performed using
R software (version 4.1.1) with R Studio (version
1.1.442).

Survival curves for overall population and each
categorical cluster were estimated by the Kaplan-
Meier and differences in survival were measured by
the log rank test. The risk of death was calculated
using the Cox proportional hazard model in multivari-
ate analysis, adjusting age, gender, disease duration,

for calculating sample size was N =

Table 1
Demographic data and clinical characteristics
of patients with MSA

MSA N=132
Gender (Male/Female) 73/59
Age (y) 61.79 £7.39
Education (>6 y/ <6y) 96/36
Subtype (MSA-P/MSA-C) 80/52
Disease duration (y) 3.424+2.00
No. of death 75 (56.8%)
Median survival (y) 6.314+0.26
Fall 103 (78.0%)
Dysphagia 68 (51.5%)
Constipation 99 (75.0%)
Incontinence 89 (67.4%)
UMSARS Partl 20.66 +8.01
UMSARS Part2 22.34+£9.89
UMSARS Part3 0.30+0.46
UMSARS Part4 2.59+1.32
COMPASS31 14.98 +8.09
RBDSQ 4.48+£2.90
SS-16 7.78 £3.73
HAMD 10.27 £5.09
HAMA 11.47+5.74
MMSE 25.53+3.84

MSA, multiple system atrophy, UMSARS-II, the
Unified Multiple System Atrophy Rating Scale,
COMPASS31, Composite autonomic symptom score,
RBDSQ, RBD Screening Questionnaire, SS-16, 16-
item odor identification test from Sniffin’ Sticks,
HAMD, 17-item Hamilton Rating Scale for Depres-
sion; HAMA, Hamilton Anxiety Scale; MMSE,
Mini-Mental State Examination.

and education year. Hazard ratio (HR) and 95% con-
fidence interval were calculated. Significance was
tested at the 5% level.

RESULTS

There were 153 MSA patients at baseline. 21
patients were removed from further analysis because
of losing contact (13), refusal of follow-up (5), and
re-diagnosis (3). 132 MSA patients (MSA-P/MSA-
C 80/52; male/female 73/59; mean age 61.79 4=7.39
years; mean disease duration 3.42 £ 2.00 years) were
finally included in this study (Supplementary Fig-
ure 3). Demographic and clinical characteristics of
MSA patients were listed in Table 1. 75 patients died,
and 57 patients were still alive at the time of the last
visit. The median survival time from symptom onset
to death (estimated using data from all patients by
Kaplan-Meier analysis) was 6.3 (95%CI=6.1-6.7)
years of primary cohorts (Fig. 1). Due to the incom-
plete clinical evaluation of individual patients, 119
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Fig. 1. Kaplan-Meier survival curve for probability of death in all patients from symptom onset.

MSA patients were ultimately included in PCA and
cluster analysis.

PCA of clinical symptoms and Cox regression
analysis of the PCs

For motor PCA, the eigenvalues of the first 2 PCs
were greater than 1, and the 2 PCs can explain nearly
64% of the total variation. For nonmotor PCA, the
eigenvalues of the first 3 PCs were greater than 1,
and the 3 PCs can explain nearly 59% of the total
variation. Based on the loading matrix (Supplemen-
tary Table 2), these PCs can be characterized as
follows: motor PC1, mainly explained by UMSARS
I and IT; motor PC2, mainly explained by axial symp-
toms including falls and dysphagia; nonmotor PC1,
mainly explained by depression and anxiety (assessed
by HAMD and HAMA); nonmotor PC2, mainly
explained by MMSE and SS-16; nonmotor PC3,
mainly explained by UMSARS III and COMPASS-
31.

In multivariate analysis using the Cox proportional
hazard model, the 5 PCs were selected as the indepen-
dent variables and death as the dependent variable,
adjusting age, gender, disease duration, and education
year. The survival model showed that a shorter sur-
vival time was associated with motor PC1 (HR =1.71,
95%CI: 1.26-2.30, p<0.001) and nonmotor PC3
(HR =1.68, 95%CI: 1.31-2.10, p<0.001) (Fig. 2).

Cluster analysis

Results from the hierarchical clustering on the
5 PCs are reported in Table 2. Cluster 1 (n=26)
patients were slightly affected in all domains. Clus-
ter 2 (n=31) patients were characterized by severe
mood disorder with relatively longer disease dura-
tion. Cluster 3 (n=35) patients were characterized
by obvious axial symptoms and cognitive impair-
ment. Cluster 4 (n=27) patients were characterized
by severe autonomic dysfunction especially ortho-
static hypotension.
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Fig. 2. Forest plot of association between PCs and early death in MSA. Motor PC1 (HR =1.68, 95%CI: 1.23-2.30, P value <0.001) and
nonmotor PC3 (HR =1.65, 95%CI: 1.30-2.10, p <0.001) were associated with a shorter survival time in MSA patients.

Cluster 1 had the longer survival time in
Kaplan-Meier analysis while Cluster 3 and Clus-
ter 4 had the shorter survival time (p<0.001)
(Fig. 3). Furthermore, the multivariate Cox regres-
sion indicated that Cluster 3 (HR=4.15, 95%CI:
1.73-9.90, p=0.001) and Cluster 4 (HR=4.18,
95%CI: 1.73-10.1, p=0.002) were independently
associated with shorter survival time after adjust-
ing age, gender, disease duration, and education year
(Fig. 4).

DISCUSSION

The present study is a retrospective longitudinal
study including comprehensive survival predictors
including demographic data and detailed motor
and nonmotor scales. Considering the correlations
between scales, PCA was performed first to avoid
collinearity. Cox regression model revealed nega-
tive associations of motor PC1 (mainly explained
by UMSARS I and II) and nonmotor PC3 (mainly

explained by autonomic dysfunction, especially
orthostatic hypotension) with a shorter survival
time. Then we used hierarchical cluster analy-
sis to group MSA patients. Four clusters were
identified: Cluster 1 (mild), Cluster 2 (mood disorder-
dominant), Cluster 3 (axial symptoms and cognitive
impairment-dominant), and Cluster 4 (autonomic
failure-dominant). Further analysis revealed that
Cluster 3 and 4 were independently associated with
shorter survival. After PCA and cluster analysis,
we identified several independent survival factors of
MSA including more serious motor symptoms based
on UMSARS scores, axial symptoms such as falls
and dysphagia, orthostatic hypotension, and cogni-
tive impairment at baseline.

The present study reported that the median sur-
vival time of Chinese MSA patients was 6.31
(95%CI=6.1-6.7) years, similar with the results of
another study in Chinese patients [11], however,
shorter than that of western countries [6-8, 12]. The
patients included in our study did not show a high
proportion of MSA-C subtypes. Based on PCA and
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Table 2
Characteristics of the four clusters in MSA patients
Cluster 1 Cluster 2 Cluster 3 Cluster 4 p*
(N=26) (N=31) (N=35) (N=27)
Gender (M/F) 17/9 16/15 14/21 18/9 0.115 (3 vs. 1,4)
Age 60.0 £ 8.1 62.8+7.3 61.3+£6.9 61.1+£6.7 0.540
Education (>6y/ <6y) 21/5 24/7 20/15 21/6 0.142
Subtype (MSA-P/MSA-C) 10/16 23/8 27/8 10/19 0.001 (1,2 vs. 3,4)
Disease Duration 22412 4.06+£2.4 37£19 32+1.8 0.002 (1 vs. 2,3)
Fall 16 26 30 21 0.113 (1 vs. 3)
Dysphagia 10 15 30 9 <0.001(3 vs. 1,2,4)
Constipation 14 29 24 22 0.004(1 vs. 2,4; 3 vs. 2)
Incontinence 10 21 26 22 0.005 (1vs.2,3,4)
UMSARS Partl 12.7+£5.8 22.0+7.7 248+5.9 202+7.7 <0.001 (1 vs.2,34;3 vs. 4)
UMSARS Part2 120+£5.8 249+10.4 29.1£5.8 20.1£9.8 <0.001 (1 vs.2,3,4;3 vs. 4)
UMSARS Part3 0.04£0.20 0.06 +0.25 0.34+£0.48 0.70 £0.46 <0.001(4 vs. 1,2,3; 3 vs. 1,2)
UMSARS Part4 14407 27+1.3 3241.1 26+1.3 <0.001(1 vs. 2,3,4)
COMPASS31 9.3+6.5 16.1£6.6 14.0+£84 19.6+7.9 <0.001(1 vs.2,3,4; 3 vs. 4)
RBDSQ 42+238 5.1+238 33+27 52+28 0.030(3 vs. 2,4)
SS-16 9.6+£35 6.9+3.7 6.2+£39 8.7+29 0.001(3 vs. 1,4;2 vs. 1)
HAMD 5.6+3.3 142+3.6 12.2+3.8 7.1+4.6 <0.001 (2vs. 1,3,4;3 vs. 1,4)
HAMA 59435 15.8+4.6 122+4.5 95+54 <0.001(2 vs. 1,3,4; 3 vs. 1,4;4 vs. 1)
MMSE 28.0+2.0 27.1+£22 22.0+4.5 253+2.8 <0.001(3 vs. 1,2,4; 4 vs. 1,2)
motor PC1 -1.0+0.6 -0.19+1.0 0.56 +£0.64 -0.124+0.79 <0.001(1 vs. 2,3,4; 3 vs. 2,4)
motor PC2 -039+1.2 0.11+£0.96 0.48 £0.90 -0.294+0.77 0.002 3 vs. 1,4)
nonmotor PC1 -0.87+0.61 0.98 £0.68 0.16 £0.71 -0.65+0.83 <0.001(2 vs. 1,3,4; 3 vs. 1,4)
nonmotor PC2 0.59+0.70 0.43 £0.68 -0.944+1.03 0.00£0.73 <0.001 (3 vs. 1,2,4; 1 vs. 4)
nonmotor PC3 -0.78 +£0.61 -0.44+0.56 0.09 +£1.02 0.99+0.71 <0.001 (4 vs. 3,2,1; 1 vs. 3)

MSA, Multiple system atrophy; UMSARS-II, the Unified Multiple System Atrophy Rating Scale; COMPASS31, Composite autonomic
symptom score; RBDSQ, RBD Screening Questionnaire; SS-16, 16-item odor identification test from Sniffin’ Sticks; HAMD, 17-item
Hamilton Rating Scale for Depression; HAMA, Hamilton Anxiety Scale; MMSE, Mini-Mental State Examination; PC, principal component.

*compared by One-way ANOVA and y? tests.

cluster analysis, MSA subtype were not associated
with survival time, consistent with the results of pre-
vious studies [6, 8, 11, 18, 19]. Additionally, the study
on autopsy-confirmed MSA indicated no significant
difference on survival time between subtypes [20],
which revealed that the population or subtypes might
be not important on survival time of MSA.

Our study found that nonmotor PC3 was associ-
ated with short survival and cluster 4 had a shorter
survival time. These results indicated that auto-
nomic dysfunction is an important factor in predicting
MSA survival. A large retrospective study pointed
out that the initial onset of either autonomic or
motor symptoms did not influence length of survival,
autonomic severity score may predict unfavorable
survival during disease development [8]. Another
prospective cohort study also highlighted that shorter
survival were associated with the progression of
autonomic dysfunction over time, particularly with
current higher supine diastolic blood pressure and
current more severe orthostatic hypotension, rather
than the type of initial symptoms [19]. These results
were consistent with our study. Several studies found

the associations between initial symptoms and prog-
nosis. MSA patients with autonomic onset had a
worse prognosis than those with motor onset in some
studies [11, 21]. Some pathophysiological studies
attempted to find out the mechanism of association
between autonomic failure and poor prognosis in
MSA. There was a severe depletion of serotonergic
neurons in the nucleus raphe magnus, raphe obscu-
rus, raphe pallidus, and ventrolateral medullain MSA
[22]. Depletion of serotonergic neurons may lead to
impaired control of sympathetic outflow. The spinal
intermediolateral cell column and medullary seroton-
ergic system, which regulates the cardiovascular and
respiratory systems, could be responsible for poor
prognosis in patients with MSA [23]. A study on
autopsy-confirmed MSA patients with sudden death
exhibited marked involvement of the medullary sero-
tonergic neurons, the involvement of the medullary
catecholaminergic or cholinergic neurons did not dif-
fer between the groups [24].

Our study also supported the importance of ortho-
static hypotension in the death of MSA patients.
Vasopressin neurons in the paraventricular nucleus



J. Du et al. / Prognostic Factors in Multiple System Atrophy 943

Strata cluster=1 == cluster=2 == cluster=3

100~ pr—
0.75- ]
2
E
©
o
o
&  050-
©
2
e
=1
7
0.25-
p = 0.00029
0.00-
0 2

Number at risk

26 26
31 29
35 29
27 26
0 2

L +—

cluster=4

4 6 8
Time

14 2 0

13 3 0

13 1 0

9 0 0

4 6 8
Time

Fig. 3. Kaplan-Meier survival curve for probability of death in four clusters. Cluster 1 (orange line) had the longer survival time in
Kaplan-Meier analysis while Cluster 3 (blue line) and Cluster 4 (red line) had the shorter survival time (p <0.001).

projecting to the intermediolateral cell column may
contribute to the control of blood pressure. In addi-
tion, the rostral ventrolateral medulla which is a
critical area for the tonic maintenance of sympathetic
vasomotor tone is also associated with orthostatic
hypotension in MSA [25]. Similarly, a study reported
increased daytime blood pressure variability were
predictive of death in patients with MSA, which
supports the value of ambulatory blood pressure
recording for assessing autonomic failure in MSA
patients [26].

The present study found motor PC1, mainly
explained by UMSARS scores, was associated with
poor survival. Consistently, the same association
between UMSARS scores and shorter survival has
been recognized in previous studies [11, 19]. Pre-
vious study also emphasized the importance about
progression over time of UMSARS scores for poor
survival [19], which indicated that rapid progression

with more widespread neurodegeneration results in
shorter survival time. In our further cluster analysis,
axial symptoms and cognitive impairment-dominant
presented shorter survival time. Falls are a com-
mon symptom in MSA patients, which represent
the involvement of axial symptoms. Frequent falls
were also an adverse factor for the prediction of
MSA survival in other studies [8, 11]. Dysphagia,
another common presentation of axial symptoms,
was also associated with prognosis in previous stud-
ies. A previous study reported pharyngeal anomalies
was associated with poorer prognosis [27]. Our study
also found worse cognitive impairment in Cluster 3
which had shorter survival time. This may be due
to the fact that the worse cognitive function accom-
panied by worse self-care ability accelerates the
disease progress. Mood disorder was not associated
with poor prognosis according to PCA and cluster
analysis.
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Fig. 4. Forest plot of association between clusters and early death in MSA. Cluster 3 (HR=4.15, 95%CI: 1.73-9.90, P value =0.001) and
Cluster 4 (HR =4.18, 95%CI: 1.73-10.1, p=0.002) were associated with a shorter survival time in MSA patients.

There are some limitations in our study. Our study
is a retrospective study, but we have made a detailed
record and evaluation of the patient’s information.
Further longitudinal follow-up studies can collect
more detailed information related to disease progres-
sion. Another limitation is that the diagnosis of MSA
lacks postmortem evaluation and is diagnosed by
senior movement disorder specialists based on the
second consensus criteria for probable MSA. In addi-
tion, the number of patients included in this study
is not the largest because of loss of contact during
the follow-up, which needs to be gradually improved
in further clinical research. Further prospective lon-
gitudinal follow-up studies with larger sample size
involving serology, pathology, and imaging to explore
the progression and survival of MSA are warranted,
which requires a more comprehensive and rigor-
ous experimental design in the early stages of the
study.

Conclusions

Our study on a large Chinese MSA patient popu-
lation confirmed the median survival time of Chinese
MSA patients was 6.31 years. We identified several
independent survival factors of MSA including more
serious motor symptoms based on UMSARS scores,
axial symptoms such as falls and dysphagia, ortho-
static hypotension, and cognitive impairment via
PCA and cluster analysis. The further study should
focus on the mechanism of influencing the survival of
MSA patients through imaging, serology, pathology,
and other indicators.
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