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Abstract: BackgroundBackground: Young-onset multiple system atrophy (YOMSA) is defined as the onset of multiple
system atrophy (MSA) before the age of 40 years old. YOMSA is rare and there is much uncertainty of the
phenotype and natural history in patients with YOMSA.
ObjectiveObjective: The objective is to evaluate the characteristics and disease course of patients with YOMSA.
MethodsMethods: We retrospectively reviewed medical records of patients with MSA who were evaluated at all Mayo
Clinic sites from 1998 to 2021. We identified patients with YOMSA and evaluated clinical characteristics,
autonomic function testing results, and disease course.
ResultsResults: Of 1496 patients with a diagnosis of clinically probable or clinically established MSA, 20 patients had
YOMSA. The median age of onset was 39.1 (interquartile range [IQR] = 37.1, 40.1) years; 13 patients (65%) were
male. MSA-parkinsonism was the most common subtype (65%). The median duration of symptom onset to
YOMSA diagnosis was 4.9 (IQR = 3.7, 9) years. At the time of medical record review, 17 patients were deceased
with a median survival of 8.3 (IQR = 7, 10.9) years. Univariate analysis showed that initial onset of autonomic
failure predicted unfavorable survival (hazard ratio = 2.89, P = 0.04) compared to those who presented with
motor impairment only at onset. At the time of YOMSA diagnosis, composite autonomic severity score was
available in 19 patients with a median of 5 (IQR = 4, 6.5).
ConclusionsConclusions: YOMSA resembles MSA in most aspects including phenotype and prognosis, although the
diagnosis is usually delayed. The presence of autonomic failure at symptom onset may be a poor predictor for
survival.

Multiple system atrophy (MSA) is an α-synucleinopathy that pre-
sents with autonomic failure and motor impairment.1 The clini-
cal phenotype is defined based on the predominant motor
feature of parkinsonism (MSA-P) or cerebellar ataxia (MSA-C).1

A definite diagnosis is possible only after brain autopsy, which
can lead to potential for misdiagnosis throughout the disease
course.1,2 MSA usually has a mean age of onset of 63.4 years
with an annual incidence of 3/100,000 among the United States
(US) population.3,4 Different types of MSA have been described
based on age of onset: young onset-MSA (YOMSA) is defined
as onset before age 40 years, whereas later-onset MSA (LOMSA)
is defined as onset after the age of 75 years.5,6 YOMSA has a fre-
quency of 0.9% to 1.7% among patients who are clinically diag-
nosed with MSA, and 4.1% to 4.5% among patients with

pathologically confirmed MSA, which suggests that the diagnosis
of YOMSA can be missed during the disease course or that
patients with YOMSA are more likely to undergo an autopsy to
determine the final diagnosis.5–7 The rarity of YOMSA in con-
junction with similarities in clinical features with more common
diseases, such as young onset Parkinson’s disease (YOPD), may
contribute to misdiagnosis.5

Because there are very few studies on YOMSA, the clinical
course, prognosis, and disease characteristics remain largely
unknown. In the present study, we aim to describe the disease
course and outcome of patients with YOMSA. We also compare
disease characteristics of YOMSA with reported data of usual age
onset of MSA, which is of importance as we seek to identify
patients early in the disease course.
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Materials and Methods
We retrospectively reviewed medical records of all patients with
a diagnosis of possible or probable MSA based on the second
consensus criteria for the diagnosis of MSA who were evaluated
at Mayo Clinic in Rochester, Minnesota; Phoenix, Arizona; and
Jacksonville, Florida from 1998 to 2021. We recorded age at
symptom onset and identified patients with an onset at the age
of 40 years and younger. We excluded patients if an alternative
diagnosis to MSA was more likely based on the clinical, labora-
tory, and imaging findings.

We used the Movement Disorder Society (MDS) criteria for
the diagnosis of MSA and defined the age at the time of symp-
tom onset as the first time the patient reported symptoms of
motor impairment (parkinsonism or cerebellar ataxia features) or
autonomic failure (ie, bladder dysfunction, and orthostasis).1 Par-
kinsonism features include bradykinesia, resting tremor, rigidity,
gait abnormalities, and postural instability. Features of cerebellar
ataxia include ataxic gait and dysarthria, limb ataxia, and persis-
tent gaze-evoked nystagmus.1 Because of the low specificity of
isolated erectile dysfunction, urinary failure was needed to
accompany or occur within 1 year of erectile dysfunction to be
considered because of autonomic failure.1 We identified the age
at the time of MSA diagnosis as the time that all requested evalu-
ations by the physician were completed and the MSA diagnosis
was concluded based on the clinical presentation, examination,
and results of diagnostic evaluation. Further, we retrospectively
applied the MDS criteria for the diagnosis of MSA, published in
2022,1 to categorize these patients as clinically established or clin-
ically probable MSA. We recorded demographic characteristics,
clinical features, and course in all patients. We collected findings
from neuroimaging and genetic studies, and autonomic function
evaluations from autonomic reflex screen (ARS) and thermoreg-
ulatory sweat test (TST), when available, at the time of MSA
diagnosis. We calculated the Composite Autonomic Severity
Score (CASS) using findings from ARS with and without TST.
CASS computes a score from 0 to 10, and scores >7 demonstrate
severe autonomic failure.8

We calculated levodopa equivalent daily dose (LEDD) based
on the last available medical record, when applicable.9

Statistical Analysis
BlueSky Statistics 7.1 (GA) was used to conduct statistical ana-
lyses. Categorical variables were reported as number and fre-
quency, and interval variables as mean and standard deviation
(SD) or median and first and third quartiles. To further investi-
gate clinical characteristics of YOMSA, we divided patients based
on the MSA subtype (MSA-P or MSA-C) and initial symptom
at the time of symptom onset (presence of autonomic failure, or
motor impairment only). For comparisons between groups, we
used Fisher’s exact test for categorical data, and Mann–Whitney
U-test for continuous variables. We performed survival analysis
using Kaplan–Meier estimates and generated survival curves for
the time from symptom onset to death (disease course). For liv-
ing patients, we considered the last date of medical record review

as the censor date. We used the log-rank test to compare survival
estimates of two groups. We used Cox regression hazards models
to calculate univariate and multivariate hazard ratios for survival.

Considering the small sample size, all univariate factors that
reached a P value of <0.10 were moved into a multivariate
model. For all other analyses we considered a P value of <0.05
as statistically significant.

Results
Patient Characteristics
Of 1496 patients with a diagnosis of MSA, 20 (1.3%) patients
had YOMSA; among them 13 (65%) patients had MSA-P. The
median age of onset was 39.1 (interquartile range [IQR] = 37.1,
40.1) years, and 13 (65%) patients were male. At the time of
medical record review, 17 patients were deceased with a mean
age of death of 47.7 (�3.7) years (Table 1), and the median
duration of disease course of 8.3 (IQR = 7, 10.9) years. None of
the patients underwent brain autopsy at our institution.

Regarding environmental exposures, a substantial history of
exposure to trichloroethylene and xylene was reported in one
patient because of his occupation. None of the patients reported
a history of a neurological disorder in a first-degree relative.

Initial Presentation
At the time of symptom onset, motor impairment (with or with-
out autonomic failure) was the most common complaint and was
reported by 13 (65%) patients; autonomic failure was present in
10 (50%) patients. At the first visit by a neurologist, Parkinson’s
disease was the most frequent diagnosis reported in eight (40%)
patients, followed by parkinsonism and ataxia/sporadic cerebellar
ataxia each in three (15%) patients (Table S1).

Disease Progression and YOMSA
Diagnosis
Four patients (patients 3, 4, 7, and 8) fulfilled the MDS criteria
for clinically established MSA and the rest were categorized as
clinically probable MSA based on the findings at the time of
MSA diagnosis. The median duration of symptom onset to a
clinical diagnosis of YOMSA was 4.9 (IQR = 3.7, 9) years
(Table 1). Broad genetic testing in four patients with MSA-C
and one patient with MSA-P excluded other mimicking condi-
tions (Table S1). The evaluated conditions include Huntington’s
disease, storage diseases, defects in 6-pyruvoyl-tetrahydropterin
synthase gene, defects in ATPIA3 gene (responsible for rapid-
onset dystonia-parkinsonism, cerebellar ataxia, areflexia, pes
cavus, optic atrophy, and sensorineural hearing loss [CAPOS],
and alternating hemiplegia of childhood), spinocerebellar ataxia,
Friedrich’s ataxia, and fragile X tremor ataxia syndrome
(FXTAS).
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Eight (40%) patients, including seven with MSA-P and one
with MSA-C reported dystonia during their disease course. In
12 (60%) patients, at least one of the pyramidal signs of positive
Babinski or hyperreflexia was found around the time of MSA
diagnosis, with hyperreflexia being most common, found in
11 (55%) patients. Thirteen (65%) patients reported experiencing
dream enactment behavior during their disease course. Seven
(35%) patients reported at least one cognitive complaint. Depres-
sion was the most common mood disorder reported by eight
(40%) patients, followed by anxiety that was present in four
(20%) patients (Table S1).

Two patients underwent deep brain stimulation of bilateral
subthalamic nuclei during their disease course with a diagnosis of
YOPD and experienced only brief improvement followed by
symptom recurrence. Levodopa was prescribed for 16 patients at
some point in their disease course, with 12 (75%) patients
reporting at least a partial response. In seven patients, levodopa
was used for ≥2 years with a median of 5 (IQR = 4.5, 8) years.
Levodopa-induced dyskinesia (LID) was observed in six (37.5%)
patients (Table S1). At the time of the last neurology visit, LEDD
was able to be calculated in 15 patients with a mean of 1013.3
(�859.99).

Autonomic Function Testing
At the time of YOMSA diagnosis, TST was performed in
19 patients. From 17 with results available, the median percent-
age anhidrosis was 88% (IQR = 39, 87.5) (Table 1). CASS,
based on the components of ARS, was available in 19 patients
with a median of 5 (IQR = 4, 6.5).

Imaging
Brain imaging was performed in 19 patients (Table S1). Based on
the last available magnetic resonance imaging (MRI), 11 (57.8%)

patients had at least one MRI marker suggestive of MSA: atro-
phy of putamen, middle cerebellar peduncle, cerebellum, or pons
(nine patients), hot cross bun sign (four patients), T2
hyperintensity in the middle cerebellar peduncles (three patients),
and T2 hypointensity of the putamina (two patients).

Predictors of Survival
There was no statistically significant difference between MSA
subtypes regarding disease duration, age of death, or presence of
pyramidal features (Table 1). Disease duration was not statistically
significantly different between individuals with autonomic failure
at the time of symptom onset and those with motor impairment
only (7.8 [�3.7] and 10.8 [�4.02] years, respectively; P = 0.13)
(Table 1).

Regarding predictors of survival based on the univariate Cox
regression analyses, patients with autonomic failure at the time of
symptom onset had a hazard ratio (HR) of 2.89 as compared to
those who presented with motor impairment only (95% confi-
dence interval [CI] = 1.04–8.05; P = 0.04) (Fig. 1). There was
an HR of 1.25 for each 1-point increase in Composite Auto-
nomic Severity Score using findings from autonomic reflex
screen only (CASS-A) (95% CI = 0.96–1.62; P = 0.09)
(Table 2).

Multivariate analysis with the presence of autonomic failure at
the time of symptom onset and CASS-A, revealed that auto-
nomic failure at the time of symptom onset was associated with a
worsened survival even after adjusting for the severity of auto-
nomic failure using CASS (HR = 4.23, 95% CI = 1.29–13.91;
P = 0.01) (Table S2).

Discussion
We present a large case series of patients diagnosed with
YOMSA. Patients with YOMSA account for only 1.3% of all
patients diagnosed with clinically established or clinically proba-
ble MSA at our institution during the past 23 years. Consistent
with the rare nature, patients with YOMSA were frequently
diagnosed later in the disease course than that reported for usual
onset MSA, which suggests that the diagnosis of MSA is chal-
lenging in younger patients. It was also found that presenting
with initial symptoms of autonomic failure led to worse progno-
sis, similar to previous studies.

Most patients received the YOMSA diagnosis in the middle
to late stages of their disease course in our study, with a mean
duration from symptom onset to YOMSA diagnosis of 6.6 years.
A study by Batla and colleagues5 examined a cohort of
22 YOMSA patients, eight with autopsy-confirmation, and simi-
larly reported a duration of 6.2 years from onset to diagnosis
among patients who were clinically diagnosed with YOMSA.
Similar to our cohort, none had a family history of a movement
disorder.

Studying this cohort may help us better understand initial
symptoms in YOMSA to allow for earlier and more accurate
diagnosis for patients. Motor impairment (50%) followed by

FIG. 1. Symptom onset to death based on initial symptoms.
Censored Kaplan–Meier survival curves for probability of death
from symptom onset in all patients with onset of autonomic
failure (blue) and motor impairment only (red).
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autonomic failure (35%) and a combination of both symptoms
(15%) were the most common initial symptoms among our
patients. Motor onset tends to be most common in MSA, particu-
larly in LOMSA.6 The initial presentation of autonomic-only symp-
toms is important as the MDS MSA consensus criteria recently
highlighted a new category of possible prodromal MSA. This cate-
gory includes patients with autonomic failure and subtle motor
signs. Although designated as research criteria, better clinical evalua-
tion of this subset of patients, including in YOMSA, is indicated.

Identifying patients with early autonomic failure is crucial
as we found a worse survival in patients with autonomic fail-
ure at the time of symptom onset compared with motor
onset. This cohort had a moderate degree of autonomic fail-
ure at presentation, as shown by CASS and TST results,
which was seen in both MSA-C and MSA-P subtypes. These
findings are concordant with other studies showing that auto-
nomic failure at the time of symptom onset or diagnosis is a
negative prognostic indicator in MSA.10–12 The underlying
pathophysiology of poor prognosis in patients with MSA
who have autonomic dysfunction is unclear. Prominent loss
of medullary serotonergic neurons, which are involved in
regulation of micturition reflex, thermoregulation, and respi-
ratory chemosensitivity and rhythm, has been previously
described in patients with MSA that suffer from autonomic
failure.11,13 Moreover, previous studies showed an association
between loss of these neurons and sudden nocturnal death.13

Consequently, patients with early autonomic dysfunction
may have an increased risk of sudden death during sleep.11

Clinical features may aid in the timely diagnosis of YOMSA.
We found that 60% of our cases had at least one pyramidal sign

such as hyperreflexia or positive Babinski at the time of diagnosis,
which is higher than findings from a prospective North Ameri-
can study that found pyramidal signs in 33.7% of patients,3 but is
similar to other YOMSA cohorts.5 Depression, both solely or in
association with anxiety, was a common complaint reported by
40% of patients in our study and was higher than what was
reported by Batla et al5 (13.6%). Additionally, in contrast to the
study by Batla et al,5 which reported absence of any cognitive
complaints among patients with YOMSA, 35% of the patients in
our study reported at least one cognitive complaint, such as
memory impairment. These differences suggest that neuropsychi-
atric and cognitive complaints may be ignored by both clinicians
and patients with YOMSA because of the predominance of
motor and autonomic symptoms.

Dystonia may be more common in YOMSA and was seen in
40% of our patients. In a prospective European cohort study,
dystonia was evident in 30.5% of patients with MSA.14 In the
study by Batla et al, 76% of all patients who were clinically diag-
nosed with YOMSA showed dystonia, which may also be related
to the higher proportion of MSA-P in their study compared to
our cohort.5

One factor that can complicate diagnosis of MSA is response
to dopaminergic agents and this study found that 75% of patients
on levodopa showed at least a partial response. The response rate
was almost similar in the Batla et al5 study with 83% of patients
reporting a moderate to good response to levodopa. Beneficial
response to levodopa has been reported among 42.5% to 56.7%
of patients with MSA-P and 12.9% to 25% of patients with
MSA-C in previous cohort studies on MSA.3,14 One possibility
for the better response of patients with YOMSA to levodopa

TABLE 2 Assessing predictors of death based on the univariate cox proportional hazards analysis for the disease course duration (time from symptom
onset to death)

Variable HR

95% Confidence interval

P-valueLower bound Upper bound

Gender (M) 2.08 0.71 6.15 0.18

Age of onset 1.23 0.93 1.61 0.14

MSA subtype (MSA-C) 1.36 0.45 4.14 0.58

Initial symptom (autonomic failure) 2.89 1.04 8.05 0.04*

TST 0.99 0.98 1.01 0.91

CASS-A 1.25 0.96 1.62 0.09*

CASS-T 1.12 0.88 1.44 0.35

LEDD 1 1 1 0.29

Dystonia (yes) 0.52 0.18 1.52 0.52

Babinski (yes) 1.04 0.36 3.03 1.04

Hyperreflexia (yes) 1 0.36 2.78 1

*A P-value <0.10 was considered as statistically significant to move into the multivariate model.
Abbreviations: HR, hazard ratio; M, male; MSA, multiple system atrophy; MSA-C, multiple system atrophy-cerebellar ataxia; TST, thermoregulatory sweat test; CASS-A,
Composite Autonomic Severity Score using findings from autonomic reflex screen only; CASS-T, Composite Autonomic Severity Score using findings from both auto-
nomic reflex screen and thermoregulatory sweat test; LEDD, levodopa equivalent daily dose.
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may be related to the higher neuronal reservoir in younger indi-
viduals. However, considering the differences between studies in
the methodology of defining levodopa responsiveness, it may be
hard to draw definitive conclusions. Nevertheless, these findings
emphasize that levodopa responsiveness should not exclude the
possibility of YOMSA in a young patient with parkinsonism.
The presence of LID, seen in 37.5% of the patients with
YOMSA, may also support a MSA diagnosis.

There are some limitations to the present study. First, it is a
retrospective study that leads to the chance of recall bias regard-
ing symptom onset and exposure history. Second, none of the
patients underwent brain autopsy to receive a definite diagno-
sis of YOMSA. Third, although MDS criteria for MSA
diagnosis have shown excellent diagnostic performance in val-
idation studies, the diagnostic accuracy in patients with
YOMSA has not been evaluated, leaving some degrees of
diagnostic uncertainty in this group of patients. Fourth, in
most of the patients, levodopa responsiveness was determined
based on the physician’s interpretation and not a levodopa
challenge test.

In summary, this study provides valuable findings on the clini-
cal characteristics of patients with YOMSA, especially those with
MSA-C subtype as previously little had been published on this
group. Autonomic function testing can not only help in dis-
tinguishing YOMSA from mimicking conditions, but is a valu-
able tool in determining prognosis. Our findings suggest that
patients with YOMSA frequently present with autonomic failure
and may show a better response to levodopa compared to
patients with MSA, although further studies are required. In line
with previous studies, we found a higher prevalence of dysto-
nia and pyramidal features among patients with YOMSA as
compared to usual onset-MSA. Additionally, we found that
YOMSA resembles MSA in most aspects including phenotype
and prognosis. These findings can help us in identifying
patients with YOMSA earlier in their disease course, initiate
treatment earlier in disease, and better understand the clinical
course of YOMSA.
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