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Abstract

Background: In the current consensus criteria, onset after age 75 is considered as non-

supporting for diagnosis of multiples system atrophy (MSA); however, some MSA patients 

present after age 75. Clinical and pathological characteristics of such later onset MSA (LO-MSA) 

compared to usual onset MSA (UO-MSA) remain poorly understood.

Methods: The clinical cohort included patients from Kobe University Hospital and Amagasaki 

General Medical Center Hospital, while the autopsy cohort was from the brain bank at Mayo 

Clinic Florida. We identified 83 patients in the clinical cohort and 193 patients in the autopsy 

cohort. We divided MSA into two groups according to age at onset: UO-MSA (≤ 75) and 

LO-MSA (> 75). We compared clinical features and outcomes between the two groups in the 

clinical cohort and compared the findings to the autopsy cohort.

Results: LO-MSA accounted for 8% in the clinical cohort and 5% in the autopsy cohort. The 

median time from onset to death or to life-saving tracheostomy was significantly shorter in 

LO-MSA than in UO-MSA in both cohorts (4.8 vs 7.9 years in the clinical cohort and 3.9 vs 

7.5 years in the autopsy cohort; P = 0.043 and P < 0.0001, respectively). The median time from 

diagnosis to death was less than 3 years in LO-MSA in the clinical cohort.
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Conclusions: Some MSA patients have late age of onset and short survival, limiting time 

for clinical decision making. MSA should be considered in the differential diagnosis of elderly 

patients with autonomic symptoms and extrapyramidal and/or cerebellar syndromes.

Introduction

Multiple system atrophy (MSA) is a fatal adult-onset neurodegenerative disease 

characterized by varying degrees of cerebellar dysfunction, Parkinsonism, and autonomic 

failure [7]. MSA is classified as an α-synucleinopathy due to pathological α-synuclein 

aggregates in glial cells [22, 27] and neurons [6, 30]. The prognosis of MSA is poor, with 

the median survival between 6 and 10 years [1, 5, 8, 21, 24, 37, 39, 40]. A previous study 

reported that the average age at onset was 53 years [39]. The second consensus statement of 

MSA published in 2008 has been widely used in the diagnosis of MSA [9]. In these criteria, 

onset after age 75 is considered a non-supporting feature; however, in clinical practice, MSA 

patients may present with initial signs and symptoms after age 75 [14, 19, 28]. The clinical 

characteristics of later onset (LO) MSA remain poorly understood. An accurate diagnosis 

of LO-MSA is challenging because the diagnosis is based on clinical features without 

reliable biomarkers and several MSA mimics exist [11, 13, 18, 26]. We defined LO-MSA as 

patients with onset of clinical features after 75 years of age. We aimed to describe clinical 

characteristics of LO-MSA to improve its recognition and differentiation from other late 

onset neurodegenerative disorders. In addition to a report of LO-MSA from Asia [19], the 

presence of LO-MSA has been suggested in an autopsy cohort from the United States [14]. 

In this study, therefore, we used a retrospective clinical cohort from Japan and an autopsy 

cohort from the United States to examine clinical and pathological features of LO-MSA.

Methods

Study cohorts

We used two independent MSA cohorts in this study: a clinical cohort and an autopsy 

cohort (Figure 1). For the clinical cohort, we reviewed medical records of 54 consecutive 

MSA patients admitted to Kobe University Hospital (Kobe, Japan) and 29 consecutive 

MSA patients admitted to Hyogo Prefectural Amagasaki General Medical Center Hospital 

(Amagasaki, Japan) between 2015 and 2019. In the clinical cohort, a diagnosis of MSA was 

made if the patient met criteria for possible MSA or probable MSA according to the Gilman 

criteria [9], except for the age of onset. At the time of diagnosis, all clinical cases were 

hospitalized and evaluated by multiple board-certificated neurologists.

We compared the results in the clinical cohort with pathologically confirmed MSA from 

the Mayo Clinic brain bank. We identified 251 consecutive MSA patients in the brain 

bank between 1998 and 2018. We excluded 58 cases from the study because there was not 

enough clinical information to identify the time of onset or the initial symptoms. As a result, 

193 MSA patients were examined in the autopsy cohort. All autopsy cases underwent a 

systematic and standardized neuropathologic assessment. Information from 83 patients was 

previously reported in a study on diagnostic pitfalls of MSA [13], and information from 

171 patients was included in a study describing clinical features of autopsy-confirmed MSA 

[14].
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We divided MSA cases in both clinical and autopsy cohorts into two groups according to the 

age of symptomatic onset: usual onset (≤ 75 years; UO-MSA) and later onset (> 75 years; 

LO-MSA). We compared the clinical features and outcomes between the two groups.

Clinical information

We systematically reviewed medical records of each patient. In pathologically confirmed 

cases, we also abstracted data from brain bank questionnaires filled out by family members. 

We collected the following clinical information: sex, race, age at onset, initial symptoms, 

age at death, age of tracheostomy in a life-threatening situation, and clinical subtype (MSA-

C or MSA-P). The prognosis of each group was examined based on the interval from 

the onset to death or onset to non-preventive tracheostomy in a life-threatening situation 

of respiratory failure caused by severe pneumonia, asphyxiation, and vocal cord paralysis. 

In the clinical cohort, the diagnosis was made after a thorough inpatient examination, 

which allowed us to assess the date of initial diagnosis and examine the interval from 

onset to diagnosis and from diagnosis to death or from diagnosis to tracheostomy. We 

also ascertained initial symptoms of each case from the medical records in both cohorts. 

The initial symptoms include motor symptoms (gait difficulty, gait ataxia, speech problem, 

bradykinesia, tremor, hand clumsiness, frequent falls, dystonia, apraxia, and cramp) and 

non-motor symptoms (frequent urination, urinary incontinence, urinary retention, orthostatic 

hypotension, dizziness, erectile dysfunction, cognitive impairment, pain, paraesthesia, and 

stridor). If multiple symptoms were present at initial presentation, they were described 

separately. In the clinical cohort, we investigated clinical signs and symptoms at the time 

of diagnosis of MSA. They include cerebellar ataxia, extrapyramidal symptoms, pyramidal 

signs, orthostatic hypotension, urinary problems, cognitive impairment, and downgaze palsy. 

All MSA patients underwent magnetic resonance imaging (MRI) of the brain at least 

one time (63% of patients underwent more than one scan). This enabled us to review 

MRI findings suggestive of MSA in the clinical cohort. We considered the following 

abnormalities to be suggestive of MSA: “hot cross bun” sign, hyperintense putaminal rim 

sign, atrophy of putamen, atrophy of pons, and atrophy of middle cerebellar peduncle for 

both MSA-C and MSA-P and atrophy of cerebellum for MSA-P [4, 9]. In the autopsy 

cohort, we also investigated the initial and final clinical diagnoses.

Neuropathological assessments

Autopsy-confirmed MSA cases were evaluated with a standardized neuropathologic 

assessment as previously reported [13]. Paraffin-embedded sections were studied with 

hematoxylin & eosin staining and with thioflavin S fluorescent microscopy, as well 

as immunohistochemistry with an antibody against αSYN (NACP, rabbit polyclonal, 

1:3000, with formic acid pretreatment). Braak neurofibrillary tangle (NFT) stage [3] 

and Thal amyloid phase [33] were assigned by thioflavin S fluorescent microscopy. 

A pathological diagnosis of MSA was established based on widespread and abundant 

GCIs with neurodegeneration in the striatonigral or olivopontocerebellar systems, or 

both [16, 35]. All cases were evaluated by a board-certified neuropathologist (DWD). 

We assigned pathological subtypes of MSA based on the severity of affected regions: 

striatonigral degeneration (MSA-SND) had most severe pathology in striatonigral 

regions, olivopontocerebellar atrophy (MSA-OPCA) had most severe pathology in 
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olivopontocerebellar regions, and MSA-SND/OPCA had these regions equally affected. 

We also defined “minimal change” MSA as no or minimal neuronal loss and gliosis in 

striatonigral and olivopontocerebellar systems despite widespread distribution of GCIs [15, 

17, 20, 36, 41].

Statistical analysis

We conducted statistical analysis with GraphPad Prism (version 9.1.2, GraphPad Software, 

La Jolla, CA, USA). Comparison of the probability of survival between the LO-MSA 

group and the UO-MSA group was performed by Kaplan-Meier survival analysis. Statistical 

significance of Kaplan-Meier survival curves was determined with the Gehan-Breslow-

Wilcoxon test. We conducted the Mann-Whitney test to compare the time from onset 

to diagnosis between LO-MSA and UO-MSA in the clinical cohort. We used Fisher’s 

exact test to compare categorical variables between LO-MSA and UO-MSA. To compare 

the distribution of pathological subtypes between LO-MSA and UO-MSA, we conducted 

Fisher’s exact test with the Bonferroni correction. We compared the diagnostic accuracy 

among pathological subtypes (MSA-SND vs. MSA-OPCA vs. MSA-mixed) by the chi-

square test. The correlation between disease duration and the Braak NFT stage or Thal 

amyloid phase was examined by Spearman’s correlation analysis. Statistical significance 

was defined by a p-value < 0.05.

Results

Clinical cohort

We identified 7 LO-MSA and 76 UO-MSA in the clinical cohort. The frequency of LO-

MSA was 8%. We summarize the characteristics of each group in Table 1. The mean age of 

onset was 78 ± 3 years in LO-MSA and 62 ± 6 years in UO-MSA, respectively. LO-MSA 

group included 4 MSA-C and 3 MSA-P, while UO-MSA group included 46 MSA-C and 30 

MSA-P. LO-MSA included 5 men (71%) and 2 women (29%). UO-MSA included 44 men 

(58%) and 32 women (42%). All of the patients in the clinical cohort were Asian.

In general, the prognosis of MSA is poor. To examine whether LO-MSA patients have a 

worse prognosis, we compared survival in LO-MSA with UO-MSA. One of the common 

causes of death in MSA is respiratory failure due to pneumonia, asphyxiation, or vocal cord 

paralysis. In these life-threatening situations, without a tracheostomy, death would occur. 

Therefore, we compared the prognosis of the two groups using not only time to death but 

also time to tracheostomy in a life-threatening situation. None of LO-MSA patients and 22% 

of UO-MSA patients (17/76) underwent life-saving tracheostomy during the observation 

period. The median interval from the onset of illness to death or tracheostomy in a life-

threatening situation was significantly shorter in LO-MSA than in UO-MSA (4.8 vs. 7.9 

years; P = 0.043, Figure 2A). We examined the time from onset to diagnosis in each group. 

The interval from onset to diagnosis was not significantly different between LO-MSA and 

UO-MSA (2.5 ± 1.0 vs. 2.5 ± 1.7 years; P = 0.77, Figure 3A). On the contrary, the median 

duration from diagnosis to death or life-saving tracheostomy was significantly shorter in 

LO-MSA than in UO-MSA (2.8 years in LO-MSA vs. 4.6 years in UO-MSA; P = 0.03, 

Figure 3B).
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To understand the characteristics of LO-MSA patients, we investigated the initial symptoms 

in each group. Autonomic dysfunction was an initial symptom in 14% (1/7) in LO-MSA 

and 13% (10/76) in UO-MSA. The details of the initial symptoms in each group were 

summarized in Figure 4A. All patients underwent brain MRI at the time of diagnosis, and 

there was no significant difference in the frequency of MRI findings suggestive of MSA 

between LO-MSA and UO-MSA (Table 1). No patients showed a hummingbird sign, which 

is typical of progressive supranuclear palsy. Detailed MRI findings of each patient were 

summarized in Online resource 1. At the time of diagnosis, there was also no significant 

difference between the two groups in the presence of each clinical sign or symptom (Table 

1). We provide detailed clinical signs and symptoms of each patient at the time of diagnosis 

in Online resource 2.

Autopsy cohort

Next, we collected the clinical information on MSA patients in the Mayo Clinic brain bank 

to validate the results in the clinical cohort. We identified 9 LO-MSA and 184 UO-MSA in 

the autopsy cohort. The frequency of LO-MSA was 5%. We summarize the characteristics 

of each group in Table 2. The mean age of onset was 81 ± 5 years in LO-MSA and 58 ± 8 

years in UO-MSA. LO-MSA included 1 MSA-OPCA (11%) and 8 MSA-SND (89%). There 

was no “minimal change” MSA in LO-MSA. UO-MSA included of 38 MSA-OPCA (21%), 

86 MSA-SND (47%), 57 MSA-SND/OPCA (31%), and 3 “minimal change” MSA (2%). No 

significant difference was found in pathological subtypes between LO-MSA and UO-MSA. 

LO-MSA included 3 men (37.5%) and 5 women (62.5%). UO-MSA included 97 men (53%) 

and 87 women (47%). Ninety-five percent of patients (183/193) were Caucasian.

We found that the prognosis of LO-MSA patients was worse than that of UO-MSA in 

the clinical cohort. To validate this result, we compared the time between onset and death 

or life-saving tracheostomy in the autopsy cohort. None of LO-MSA patients and 4% of 

UO-MSA patients (7/193) experienced life-saving tracheostomy. The median interval from 

the onset of illness to death or tracheostomy in a life-threatening situation was significantly 

shorter in LO-MSA than in UO-MSA (3.9 vs. 7.5 years; P < 0.0001, Figure 2B), which was 

consistent with the result in the clinical cohort.

All LO-MSA patients presented with motor symptoms as their initial symptoms (4 with 

gait difficulty, 3 with falls, 1 with bradykinesia, and 1 with dystonia). In UO-MSA, 118 

patients (64%) presented with motor symptoms, 55 patients (30%) presented with autonomic 

dysfunction, 6 patients (3%) presented with other symptoms (2 with cognitive impairment, 

2 with paraesthesia, 1 with dystonia, and 1 with stridor), 4 patients (2%) had motor 

symptoms and autonomic dysfunction simultaneously at the presentation (2 with dysarthria 

and dizziness, 1 with bradykinesia, erectile dysfunction, and urinary incontinence, and 1 

with gait difficulty and frequent urination), and 1 patient presented with urinary incontinence 

and cognitive impairment. Although not significantly different, UO-MSA patients tended to 

have more autonomic dysfunction as an initial symptom than LO-MSA patients (P = 0.059, 

Figure 4B).

Approximately 20% of MSA patients in the autopsy cohort were not given an antemortem 

diagnosis of MSA. Among the patients who were not diagnosed with MSA before death 
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(including those in which MSA was included in the differential diagnosis), progressive 

supranuclear palsy was the most common, followed by Parkinson’s disease, dementia with 

Lewy bodies, and corticobasal degeneration. The rate of confirmed diagnosis of MSA before 

death was 83% (153/184) in UO-MSA, but only 11% (1/9) in LO-MSA. The frequency 

of antemortem diagnosis of MSA was significantly lower in LO-MSA than in UO-MSA 

(P < 0.0001, Figure 5). Among the pathological subtypes, the diagnostic accuracy was 

71% in MSA-SND (61/86), 91% in MSA-OPCA (32/35), 87% in MSA-mixed (60/69). 

The diagnostic accuracy in MSA-SND was significantly lower than in other subtypes (P = 

0.0086).

To further examine the reason for this low diagnostic accuracy in LO-MSA, we investigated 

the clinical course of LO-MSA in the autopsy cohort. We summarized clinical symptoms in 

LO-MSA patients in Table 3 and clinical courses in Figure 6. During the whole course, 2 

patients developed slight truncal ataxia (case 5 and case 8) and 1 patient showed bilateral 

limb ataxia (Case 9). Urinary incontinence was found in 4 cases, two of which were 

considered due to slow movement speed. Orthostatic hypotension was found in 3 cases and 

leads to a diagnosis of MSA in one patient with syncope (case 1). In case 9, MSA was 

suspected in the clinical course, but the attending neurologist documented “her age certainly 

goes against that diagnosis” and could not confirm the diagnosis of MSA.

There was no significant difference in brain weight and presence of vascular pathology 

between LO-MSA and UO-MSA (P = 0.11 and P > 0.99), whereas the Braak NFT stage 

and Thal amyloid phase were significantly higher in LO-MSA than those in UO-MSA (P 

= 0.017 and P = 0.017). There was no significant correlation between disease duration and 

the Braak NFT stage or Thal amyloid phase in either LO-MSA (P = 0.72 and P = 0.46) or 

UO-MSA (P = 0.57 and P = 0.27).

Discussion

Here we report the frequency and clinical features of LO-MSA in a clinical cohort and 

compare these observations in autopsy-confirmed MSA. There are three major findings from 

this study. First, MSA can occur in individuals older than 75 years of age. Second, the 

prognosis is poor in patients with LO-MSA, and the time for decision-making is limited. 

Finally, clinical diagnosis of MSA may be difficult in elderly individuals, probably because 

of the paucity of autonomic symptoms as initial symptoms and the fact that late age of onset 

is considered a “non-supportive feature” in the current criteria.

Patients with LO-MSA accounted for 8% in the clinical cohort and 5% in the autopsy 

cohort. Although the nature of the two cohorts differed in terms of the ethnic composition 

and diagnostic certainty (i.e., clinical diagnosis vs. pathologic diagnosis), both cohorts had a 

similar proportion of LO-MSA. A previous study showed that LO-MSA accounted for 23% 

(128 UO-MSA and 39 LO-MSA) in the clinical cohort in Korea and 6% (155 UO-MSA 

and 10 LO-MSA) in the autopsy cohort in Japan [19]. Our results were compatible with the 

result in the autopsy cohort in the previous study. Therefore, although rare, clinicians may 

encounter older patients presenting with MSA in clinical practice, and this diagnosis should 
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be kept in mind. The oldest age of symptomatic onset in the autopsy cohort was 88 years, 

indicating that MSA cannot be ruled out simply by age of onset.

A previous study reported poor prognosis in MSA patients with older age at onset [37], 

but another study on LO-MSA did not confirm this observation [19]. They analyzed a 

clinical cohort in Korea (128 UO-MSA and 39 LO-MSA) and an autopsy cohort in Japan 

(155 UO-MSA and 10 LO-MSA). They reported that the disease duration was significantly 

shorter in LO-MSA than that in UO-MSA in the autopsy cohort, but that the disease duration 

from onset to wheelchair-bound state was not significantly different in the clinical cohort. 

Therefore, we examined the prognosis of LO-MSA in the present study. As a result, we 

found that LO-MSA had a worse prognosis than UO-MSA in both clinical and autopsy 

cohorts. The median or mean survival time for MSA has been reported to be 6 to 10 

years [1, 5, 8, 21, 24, 37, 39, 40]. In our cohorts, the median time from onset to death 

or life-saving tracheostomy was 7.5 years in UO-MSA, which is compatible with previous 

reports. On the other hand, the median time from onset to death was less than 5 years in 

LO-MSA. In the clinical cohort, the average age of onset of LO-MSA was 78 years. The life 

expectancy data for 2018 for 80-year-old individuals in Japan is 9 years in men and 12 years 

in women in Japan in 2018 [38]. Therefore, the poor prognosis in LO-MSA cannot merely 

be attributed to shortened life expectancy in this age, but rather to the disease, itself. In 

fact, the cause of death in all of the four LO-MSA patients who died during the observation 

period was respiratory failure with aspiration pneumonia. In addition to the poorer prognosis 

in LO-MSA in the clinical cohort, we found that the median duration from diagnosis to 

death or life-saving tracheostomy was shorter than 3 years in LO-MSA. The present results 

indicate that LO-MSA patients and their families have a limited time to accept the diagnosis, 

adjust to the disease condition, and make a decision about life-prolonging procedures, such 

as tracheostomy.

In the present study, in addition to death, we employed life-saving tracheostomy as an 

endpoint because death will occur unless a tracheostomy is performed in case of respiratory 

failure due to severe pneumonia, vocal cord paralysis, or asphyxia. In some of the deaths 

included in the study, a tracheostomy would have prolonged life. The time to death is 

partially affected by whether the patient undergoes a tracheostomy. A previous study 

indicated that tracheostomy prolonged survival in MSA [23]. Therefore, we thought it 

would be more realistic to consider life-saving tracheostomy in addition to time to death 

when comparing prognosis. In this study, there were no LO-MSA patients who underwent 

tracheostomy. Hence, when we exclude life-saving tracheostomy from the endpoint and 

consider only death as the endpoint, the time from onset to death would be longer only 

in UO-MSA. As a result, the prognosis of LO-MSA is even worse than UO-MSA when 

compared by time from onset to death.

Complicating the situation is the difficulty of making an accurate diagnosis in MSA in 

elderly patients. Among 9 LO-MSA patients in the autopsy cohort, 8 patients could not 

confirm the diagnosis of MSA before their death in the present study. There are several 

reasons for this. First, clinicians may hesitate to diagnose MSA when the patient is very old 

because the onset age at 75 or greater is one of the non-supporting features for MSA [9]. In 

fact, the attending neurologist documented that the old age at onset was against the diagnosis 
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of MSA in one LO-MSA patient. Second, LO-MSA may begin with motor symptoms, such 

as gait disturbances and falls, that are multifactorial in the elderly, and less often with 

autonomic symptoms, which themselves are common in the elderly. When we examined 

the entire clinical course, 5 LO-MSA patients without confirmed MSA diagnosis showed 

either ataxia, urinary problems, or orthostatic hypotension (Table 3, Figure 6). In this way, 

many LO-MSA patients developed clinical symptoms suspicious of MSA, including subtle 

signs, during the course of the disease. The diagnostic accuracy of MSA may improve 

with inclusion of such symptoms. In the clinical cohort, 86% (6/7) of LO-MSA patients 

showed MRI abnormalities suggestive of MSA at the time of diagnosis, which indicates the 

usefulness of MRI in the diagnosis of MSA in elderly patients. Clinicians should have MSA 

in the differential diagnosis for older patients with extrapyramidal symptoms or cerebellar 

ataxia and consider ancillary tests to detect autonomic dysfunction and brain MRI for an 

accurate diagnosis.

The second consensus statement on MSA [9] has increased diagnostic sensitivity of MSA 

[25] and it has been widely used. The consensus criteria include several non-supporting 

features, such as pill-rolling tremor, significant neuropathy, family history of ataxia or 

Parkinsonism, dementia, and onset after age 75. Several of these non-supporting features 

have been criticized [32]. For example, familial MSA cases have been reported [10]. 

Cognitive impairment is more common in MSA than previously considered [12, 31]. In 

addition, there are increasing reports, including the present study, of LO-MSA [19, 28]. 

Therefore, although rare entity, the existence of MSA cases with “onset after age 75” should 

be considered.

A potential limitation of the current study is the possibility of incorrect diagnosis of MSA 

in the clinical cohort. At the time of diagnosis, each patient was admitted to hospitals 

that have physicians with expertise in intractable neurological diseases and a municipal or 

prefectural intractable disease center. There, they underwent medical evaluation by multiple 

board-certificated neurologists and were confirmed to fulfill the diagnostic criteria. All 

patients underwent MRI and no patients showed a humming-bird sign suggestive of PSP, 

whereas most patients presented abnormalities suggestive of MSA such as hot cross bun 

sign, hyperintense putaminal rim, putaminal atrophy, pontine atrophy, or cerebellar atrophy. 

In addition, we could confirm similar results about the frequency and the poorer prognosis 

of LO-MSA in the autopsy cohort. Nevertheless, we could not describe how many possible 

MSA patients progressed in probable MSA in the follow-up because detailed records on 

the evaluation on orthostatic hypotension or urodynamic studies were unavailable in the 

outpatient clinic. This may lower the diagnostic accuracy.

Another limitation is the possibility of overestimation of the poor prognosis of LO-MSA 

in the autopsy cohort. The cause of death of LO-MSA patients in the autopsy cohort 

was not documented, except for one case of aspiration pneumonia. It remains possible 

that the LO-MSA patients died early due to other complications. On the other hand, all 

deaths of LO-MSA patients who died during the observation period in the clinical cohort 

were attributed to MSA progression. Therefore, we considered LO-MSA to have a worse 

prognosis than UO-MSA.
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The other limitation of the present study lies in the inherent nature of the retrospective 

design. The data from the present study should be interpreted with caution. The prevalence 

of MSA is between 1.9 and 4.9 cases per 100,000 population [2, 29, 34]. Given the 

frequency from our findings, the incidence of LO-MSA can be estimated to be 0.1 - 0.25 per 

100,000. Prospective studies of a rare presentation of a rare disorder, such as LO-MSA, are 

impractical. Nevertheless, the present study provides insight into the differential diagnosis of 

autonomic, gait, and cerebellar disorders in the elderly.

Conclusion

The present study indicates that LO-MSA accounts for about 6% of MSA. Thus, although 

rare, MSA should be considered even with onset after age 75. The prognosis of LO-MSA 

is worse than UO-MSA, and it is important to be aware of the limited time available after 

diagnosis to decide on a treatment plan.
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Figure 1. Study design
We included 83 MSA patients in the clinical cohort. We identified 251 MSA patients in the 

Mayo Clinic Brain Bank. Fifty-eight patients were excluded from the present study because 

they lack adequate clinical information to identify the symptom onset and initial symptoms. 

The number of LO-MSA patients was 7 in the clinical cohort and 9 in the autopsy cohort.

MSA, multiple system atrophy; AGMC, Amagasaki General Medical Center; Hosp., 

Hospital; LO, later onset
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Figure 2. Kaplan-Meier survival analysis of time from onset to death/life-saving tracheostomy
(A) In the clinical cohort, LO-MSA patients showed significantly shorter survival compared 

with UO-MSA patients (P = 0.043).

(B) In the autopsy cohort, LO-MSA patients showed significantly shorter survival compared 

with UO-MSA patients (P < 0.0001).
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Figure 3. Interval from onset to diagnosis and Kaplan-Meier survival analysis of survival from 
diagnosis to death/life-saving tracheostomy in the clinical cohort
(A) Interval from onset to diagnosis was not significantly different between LO-MSA 

patients and UO-MSA patients.

(B) LO-MSA patients showed significantly shorter survival from diagnosis to death/life-

saving tracheostomy in the clinical cohort (P = 0.027).
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Figure 4. Initial symptoms in later onset MSA patients and usual onset MSA patients in each 
cohort
(A) In the clinical cohort, the fraction of patients who presented with autonomic dysfunction 

as initial symptoms were 14% in LO-MSA (1/7) and 13% in UO-MSA (10/76).

(B) In the autopsy cohort, none of the LO-MSA patients had autonomic dysfunction as 

their initial symptom. In UO-MSA, the fractions of patients whose initial symptoms were 

autonomic dysfunction, motor symptoms, both simultaneously were 30% (56/184), 64% 

(117/184), and 2% (4/184), respectively.

OH, orthostatic hypotension; ED, erectile dysfunction
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Figure 5. Antemortem diagnosis accuracy in the autopsy cohort
In the autopsy cohort, 83% of UO-MSA patients were diagnosed with MSA before death, 

whereas only 11% of LO-MSA patients were diagnosed with MSA before death.
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Figure 6. Clinical courses of LO-MSA patients in the autopsy cohort
The figure indicates the clinical course of how each LO-MSA patient developed each 

symptom after onset.
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Table 1

Demographic and clinical characteristics of cases in the clinical cohort

Later onset Usual Onset P value

Number of Patients 7 76

  Male, % (n) 71 (5/7) 58 (44/76) 0.69

  Age at onset (years, mean ± SD) 78.3 ± 2.8 62.0 ± 6.4 <0.0001

Initial symptoms, % (n)

 Gait ataxia 28.6 (2/7) 42.1 (32/76) 0.44

 Speech problem 14.3 (1/7) 11.8 (9/76) > 0.99

 Hand clumsiness 14.3 (1/7) 10.5 (8/76) 0.57

 Gait difficulty 14.3 (1/7) 9.2 (7/76) 0.52

 Tremor 0 (0/7) 6.6 (5/76) > 0.99

 Bradykinesia 14.3 (1/7) 3.9 (3/76) 0.30

 falls 0 (0/7) 1.3 (1/76) > 0.99

 Frequent urination 14.3 (1/7) 6.6 (5/76) 0.42

 Urinary incontinence 0 (0/7) 2.6 (2/76) > 0.99

 Urinary retention 0 (0/7) 1.3 (1/76) > 0.99

 Orthostatic hypotension 0 (0/7) 2.6 (2/76) > 0.99

 Pain 0 (0/7) 1.3 (1/76) > 0.99

MSA-P, % (n) 42.9 (3/7) 39.5 (30/76) > 0.99

MRI findings at the time of diagnosis, % (n)

 Hot cross bun sign 42.9 (3/7) 53.9 (41/76) 0.70

 Putaminal rim sign 42.9 (3/7) 18.4 (14/76) 0.15

 Atrophy of putamen 57.1 (4/7) 46.1 (35/76) 0.70

 Atrophy of pons 57.1 (4/7) 71.1 (54/76) 0.43

 Atrophy of MCP 14.3 (1/7) 36/76 (47.4) 0.12

 Atrophy of cerebellum 71.4 (5/7) 80.3 (61/76) 0.63

Symptoms at the time of diagnosis, % (n)

 Cerebellar ataxia 71.4 (5/7) 89.5 (68/76) 0.20

 Extrapyramidal symptoms 71.4 (5/7) 73.7 (56/76) > 0.99

 Pyramidal signs 71.4 (5/7) 68.4 (52/76) > 0.99

 Orthostatic hypotension 57.1 (4/7) 73.7 (56/76) 0.39

 Urinary problems 85.7 (6/7) 85.5 (65/76) > 0.99

 Cognitive impairment 0 (0/7) 1.3 (1/76) > 0.99

 Downgaze palsy 14.3 (1/7) 1.3 (1/76) 0.16

MSA, multiple system atrophy; MRI, magnetic resonance imaging; MCP, middle cerebellar peduncle
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Table 2

Demographic and clinical characteristics of cases in the autopsy cohort

Later onset Usual Onset P value

Number of Patients 9 184

  Male, % (n) 44.4 (4/9) 52.7 (97/184) 0.74

  Age at onset (years, mean ± SD) 80.8 ± 4.5 57.7 ± 7.7 < 0.0001

Initial symptoms, % (n)

 Gait difficulty 44.4 (4/9) 22.8 (42/184) 0.22

 Bradykinesia 11.1 (1/9) 12.0 (22/184) > 0.99

 Hand clumsiness 0 (0/9) 7.1 (13/184) > 0.99

 Tremor 0 (0/9) 6.0 (11/184) > 0.99

 Falls 33.3 (3/9) 4.9 (9/184) 0.013

 Gait ataxia 0 (0/9) 10.3 (19/184) 0.60

 Speech problem 0 (0/9) 3.8 (7/184) > 0.99

 Dystonia 11.1 (1/9) 0.5 (1/184) 0.091

 Apraxia 0 (0/9) 0.5 (1/184) > 0.99

 Cramps 0 (0/9) 0.5 (1/184) > 0.99

 Urinary incontinence 0 (0/9) 11.4 (21/184) 0.60

 Urinary retention 0 (0/9) 4.3 (8/184) > 0.99

 Frequent urination 0 (0/9) 1.1 (2/184) > 0.99

 Orthostatic hypotension 0 (0/9) 2.2 (4/184) > 0.99

 Dizziness 0 (0/9) 6.5 (12/184) > 0.99

 Erectile dysfunction 0 (0/4) 23.7 (23/97) 0.57

 Cognitive impairment 0 (0/9) 1.6 (3/184) > 0.99

 Paraesthesia 0 (0/9) 1.1 (2/184) > 0.99

 Stridor 0 (0/9) 0.5 (1/184) > 0.99

Pathological subtypes

 MSA-SND 88.9 (8/9) 46.7 (86/184) 0.065

 MSA-OPCA 11.1 (1/9) 20.7 (38/184) > 0.99

 MSA-SND/OPCA 0 (0/9) 31.0 (57/184) 0.24

 Minimal change MSA 0 (0/9) 1.6 (3/184) > 0.99

Pathological features

 Brain weight (g) 1143 ± 150 1222 ± 144 0.11

 Braak NFT stage 2.4 ± 1.6 1.5 ± 1.1 0.017

 Thal amyloid phase 2.0 ± 1.4 0.9 ± 1.3 0.017

 Presence of vascular pathology, % (n) 11.1 (1/9) 10.3 (19/184) > 0.99

MSA, multiple system atrophy; SND, striatonigral degeneration; OPCA, olivopontocerebellar atrophy; NFT, neurofibrillary tangle
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