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Abstract

To identify the most sensitive scale for use in clinical trials on multiple system atrophy (MSA), a short

and sensitive scale is needed for MSA clinical trials. Potential candidates are the Unified MSA Rating

Scale (UMSARS), Scale for the Assessment and Rating of Ataxia (SARA), Berg Balance Scale (BBS),

MSA Health-Related Quality of Life scale (MSA-QoL), and Scales for Outcomes in Parkinson’s

Disease—Autonomic questionnaire (SCOPA-AUT). We enrolled patients with MSA from eight hospitals

in Hokkaido, Japan. Board-certified neurologists assessed each patient at 6-month intervals and scored

them on the UMSARS, SARA, BBS, MSA-QoL, and SCOPA-AUT. Score changes were evaluated using

the standardized response mean (SRM). The correlation between disease duration and each score was

examined. The first evaluation was conducted on 85 patients (60 patients with MSA cerebellar ataxia

dominant subtype [MSA-C] and 25 patients with MSA Parkinsonism-dominant subtype [MSA-P]).

Sixty-nine patients were examined after 6 months and 63 patients after 12 months. The UMSARS Part 4

had the largest SRM after 6 months and the SARA after 12 months. SRMs for MSA-P, the shorter

duration group, and the early-onset group were larger than were those for MSA-C, the longer duration

group, and the late-onset group. SRMs for items regarding skilled hand activities, walking, and standing

were relatively large. Our study indicates that the UMSARS (parts 2 and 4), SARA, and BBS are

sensitive scales for evaluating MSA progression over 12 months. Items with large SRMs effectively

evaluated short-term changes.



Introduction

Multiple system atrophy (MSA) is an adult-onset, rapidly progressing neurodegenerative disease

characterized by autonomic dysfunction, Parkinsonism, and ataxia [1, 2]. While the pathogenesis of MSA,

such as o-synuclein aggregation [3], tubulin polymerization-promoting protein impairment [4],

inflammatory mechanisms [5], mitochondrial dysfunction, and COQ2 mutation [6] has been revealed, and

animal models [7] have been used in recent years, an effective treatment for MSA has not been realized.

Thus, it is hoped that emerging treatments, such as selective serotonin reuptake inhibitors [8], intravenous

immunoglobulin [9], mesenchymal stem cell therapy [10], and induced pluripotent stem cell therapy [11],

will prove useful.

However, specific MSA biomarkers that can be measured through serum or cerebrospinal fluid analysis

or imaging have not been yet identified. To facilitate the development of effective treatments, a short,

sensitive symptom assessment scale is needed for use in large multicenter clinical trials on MSA, but such

a scale has not been established.

The Unified MSA Rating Scale (UMSARS) [12] is a comprehensive scale for MSA assessment based on

scales such as the Unified Parkinson’s Disease Rating Scale (UPDRS) [13], International Cooperative

Ataxia Rating Scale (ICARS) [14], and Composite Autonomic Symptom Scale (COMPASS) [15], which

were developed for use in the European MSA (EMSA) study [16]. The UMSARS has been used in many

clinical studies, such as the EMSA [17] and the North American MSA (NAMSA) study [18]. The



UMSARS measures various symptoms of MSA and is very useful for total symptom assessments of MSA.

However, it typically takes about 20 min to complete all items, meaning that it is not a “brief” scale and is

difficult to conduct quickly on MSA outpatients. Further, as several items of the UMSARS Part 1

(medical interviews) resemble those of the UMSARS Part 2 (motor examinations), certain items may be

redundant. Therefore, the UMSARS may be superior to other scales for use in MSA clinical trials, but a

shorter assessment may be better. The development of such a scale was the motivation for the present

study.

In addition to the UMSARS, the Scale for the Assessment and Rating of Ataxia (SARA) [19] is a brief

scale for evaluating ataxia. The SARA assesses symptoms specific to ataxia, and it has been shown to be

equivalent to the ICARS [20]. The required time for the examination of SARA was approximately 4 min

[20]. However, it is not sufficient for the evaluation of parkinsonism.

The Berg Balance Scale (BBS), developed in 1989, is a scale that measures balance disturbances [21].

The BBS has been used to assess balance disturbances associated with various conditions, such as stroke

and orthopedic diseases. Several reports have mentioned the relationship between BBS and activities of

daily living (ADL) in Parkinson’s disease [22]. Meanwhile, the BBS needs certain examination tools (e.g.,

ruler and stool).

SARA and the BBS were not validated in patients with MSA, but several studies have used SARA for

evaluating symptoms of MSA [23]. BBS has a high reliability among neurodegenerative diseases such as



Parkinson’s disease [24]. BBS is suitable for the evaluation of MSA because it can assess balance

disturbances derived from not only ataxia but also Parkinsonism. Inter-rater reliability of the UMSARS,

SARA, and BBS has been studied previously and found sufficiently reliable [12, 20, 24].

The MSA Health-Related Quality of Life scale (MSA-QoL) is a self-report assessment especially

designed for MSA [25]. The motor subscale of the MSA-QoL has been demonstrated to be equivalent to

the UMSARS in usefulness [26]. However, the MSA-QoL consists of more than 40 items (plus a visual

analogue scale), which is somewhat inconvenient to patients and their caregivers.

The Scales for Outcomes in Parkinson’s Disease—Autonomic questionnaire (SCOPA-AUT) is a

self-assessment scale for autonomic dysfunction [27]. While one report used this scale for MSA

evaluation [28], it was originally developed for Parkinson’s disease. However, typically, the SCOPA-AUT

does not adequately assess motor function. The COMPASS also evaluates autonomic dysfunction, but the

UMSARS includes a part of the COMPASS, so here we used the SCOPA-AUT.

In a clinical trial of riluzole for Parkinson plus syndrome (progressive supranuclear palsy and MSA

parkinsonism dominant subtype [MSA-P]), the NNIPPS scale, an original comprehensive scale using

standardized response means (SRM), was employed [29]. While this scale might have been useful, it

requires 30 to 40 min to complete the items. Thus, we did not consider the NNIPPS scale in this study.

However, SRMs, which are an effect size estimating responsiveness, are thought to be suitable for

comparing various different indices. A previous study used SRMs to compare the influences of five



different instruments [30], and with reference to such a precedent, we decided to use SRMs in this study.

To date, there has been no study that directly compares the sensitivity among different MSA scales. We

considered the UMSARS, SARA, BBS, MSA-QoL, and SCOPA-AUT as potential candidates for the best

scale for use in MSA clinical trials, while also looking at the role SRMs play, if any, with these scales.

Subjects and methods

Patients with MSA were recruited from eight different hospitals (Hokkaido University Hospital, Sapporo

City General Hospital, Hokuyukai Neurological Hospital, Obihiro Kosei Hospital, Kushiro Rosai

Hospital, Japanese Red Cross Asahikawa Hospital, Hakodate Municipal Hospital, and Wakkanai City

Hospital) in Hokkaido, Japan from March 2012 to February 2013. MSA diagnoses were made in

accordance with the second consensus statement including MRI findings [31]. The raters met each patient

at 6-month intervals and scored them on the UMSARS, SARA, BBS, MSA-QoL, and SCOPA-AUT. Each

evaluation of this study was performed on days when each patient’s general condition was stable, and to

the extent possible, at similar times of the day. The raters were seven board-certified neurologists, and a

total of 217 examinations were performed. Each neurologist examined patients 3 to 163 times (one rater

visited five hospitals over the course of 1 year). Patients’ responses on each scale (UMSARS Part 1 =12

items, UMSARS Part 2=14 items, SARA=8 items, BBS=14 items, MSA-QoL =41 items, and

SCOPA-AUT =25 items) were also recorded. No interventions were conducted during the study period



except for those that patients had begun prior to study commencement. Amassed data were anonymized,

and statistical analyses were performed.

This study was approved by the Institutional Review Board of Hokkaido University Hospital. Prior to

starting this study, written informed consent was obtained from all participants. Patients with severe

cognitive impairment were excluded.

Statistical Analysis

Statistical analysis was performed using JMP®Pro 10.0.0 (SAS Institute Inc., Cary, NC, USA). Score

changes were evaluated using SRMs. SRMs were obtained by dividing the average score change by the

standard deviation of score change. An SRM >0.8 was considered large, 0.5 to 0.8 moderate, and <0.5

small [32]. We interpreted a larger SRM as indicative of more rapid symptom progression. The

association between score changes between each index and visit was evaluated using the

Jonckheere-Terpstra trend test [33]. The correlations between disease duration and each score were also

examined using Spearman’s rank method. Stratified analysis was conducted for gender, symptom type,

disease duration, and onset age. Sample size calculations required for interventional trials were conducted

using the sample size formula for analysis of covariance with baseline variable adjustment similar to that

of a previous study [18].



Results

We had initially recruited 87 patients, but excluded two because of inadequate diagnosis. The first

assessment was conducted on 85 patients. Six months later, 69 patients were reevaluated, and 16 patients

were unable to attend for various reasons. An additional 6 months later, we evaluated 63 patients. In the

latter 6 months, three patients died and three patients could not attend (Fig. 1). The mean interval between

the first and second assessment and the first and third assessment was 184.5+13.1 and 363.8 + 14.9 days,

respectively.

Patient demographics are shown in Table 1. The proportion of patients was as follows: 29.4 % had

MSA-P and 70.6 % had MSA cerebellar ataxia dominant subtype (MSA-C; 47 female and 38 male). The

mean age at the first assessment was 63.8 years. The most frequent initial symptom was gait disturbances

in MSA-C and MSA-P. Disturbances of fine dexterity movements of hands were significantly more

frequent in MSA-P than in MSA-C. All MSA-P patients in this study had Parkinsonism onset. With

regard to medication at baseline, 1-dopa was most prescribed in MSA-P and taltirelin in MSA-C. At the

first assessment, the scores of the UMSARS Part 1 and 2 were significantly higher among MSA-P. The

majority of patients had been diagnosed with MSA 2-3 years earlier and was between 60 and 69 years of
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age at the time of diagnosis (Fig. 2).

The comparison of total raw scores for each scale is shown in Fig. 3. For reference, the Barthel index

[34] is also shown. UMSARS (parts 1, 2, and 4), SARA, and MSA-QoL scores increased, while BBS and

Barthel index scores decreased over time. This score pattern reflects the typical course of MSA.

UMSARS (parts 2 and 4), SARA, BBS, MSA-QoL, and Barthel index scores changed significantly over

12 months, but the Wilcoxon’s rank method and the Jonckheere-Terpstra trend test could not reveal which

scale had the greatest score changes. UMSARS (parts 1, 2, and 4), SARA, BBS, MSA-QoL, and Barthel

index scores were significantly correlated with disease duration (Table 2). These scales were also

significantly correlated with each other.

The SRMs of total scores are shown in Fig. 4a. The SRM of the UMSARS Part 4 was largest at 6

months, and that of the SARA was largest at 12 months. After limiting the analysis to only patients with

good ADL (UMSARS Part 4<3; i.e., ambulatory patients), the SRMs of the UMSARS (parts 2 and 4),

SARA, and BBS were also larger, and the SRM of the BBS increased further. However, among patients

with poor ADL, the SRM of UMSARS Part 4 was small, and that of SARA and UMSARS Part 2 were

large; the SRM of UMSARS Part 4 did not change considerably in such cases (Table 3). The SRM of

BBS and onset age were significantly correlated (Spearman’s rank method, p=0.26, p=0.03).

Stratified analyses indicated a similar tendency. Figure 4b, ¢, and d shows the larger SRM scales. The

SRMs of each scale did not differ between males and females. The SRMs were relatively high for MSA-P,
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patients with disease duration of less than 4 years, and patients with an onset age of less than 62 years. An

analysis comparing probable MSA and possible MSA is not reported because most of the patients in this

study were probable MSA cases (Table 1).

Detailed analyses of individual items revealed that the SRMs of items such as skilled hand activities,

walking, and standing were large. There was a similar trend in patients with a better ADL score. We

composed a provisional scale including eight items with the largest SRMs (Table 4; SARA-1, gait; BBS-5,

transfers; UMSARS Part 2-8, finger tapping; UMSARS Part 1-3, handwriting; BBS-7, standing with feet

together; BBS-10, turning trunk [feet fixed]; BBS-11, turning 360°; and UMSARS Part 2—13, body sway)

where the total SRM of this scale was 0.990 at 6 months and 1.285 at 12 months (Fig. 4¢). This effect was

more pronounced in patients with better ADL. Further, the total SRM of patients with UMSARS Part 4

score of 3 or less within this provisional scale was 0.976 at 6 months and 1.372 at 12 months. Not only

did it take 5 min for a complete assessment, but this provisional scale correlated with the many other

scales adopted in our study except for the UMSARS Part 3 and SCOPA-AUT. We performed sample size

calculations required for interventional trials. Ninety-eight patients would be needed for a 30 %

improvement under an 80 % statistical power for this provisional scale. This number was smaller than

those of other scales in our investigation, including the UMSARS Part 2 (Fig. 5 and Table 5).

Discussion
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This is the first study that directly compares MSA scales while including SRM values. The follow-up

periods were 6 to 12 months because we were aware that clinical trials place emphasis on score changes

over a short period of time. SRM is one of the indicators of responsiveness, and the advantage is that

scales with different total scores can be compared. Additionally, a large SRM indicates rapid disease

progression, and a decrease in SRM reflects an effect of treatment. Thus, to facilitate the development of

treatment for MSA, the application of SRMs in clinical trials is advantageous.

The patients in this study were a good representation of the Asian and Japanese MSA population and

were consistent with the previous studies [35-37]. Our study patients were in the relatively early stages of

MSA and consequently had good ADL, but the average onset age was slightly high. Moreover, they had

received the standard available treatments.

When we compared the raw scores of each scale, the differences were unclear; however, the SRMs

provided clarification. The SRM of the UMSARS Part 4 was largest at 6 months, and that of SARA was

largest at 12 months. Since the SRMs of UMSARS Part 2 and BBS were also relatively large, these scales

were assumed to be sensitive to short-term changes in MSA symptoms. The UMSARS, used in much

clinical research on MSA, showed relatively high responsiveness. This complements available data

suggesting the usefulness of UMSARS, although the scale included items without obvious score changes.

A medical interview, such as UMSARS Part 1 and self-completed questionnaires like the MSA-QoL and

SCOPA-AUT, is time efficient; they are helpful in assessing subjective symptoms [38], but are unable to



13

adequately capture changes in symptoms because their SRMs are relatively low.

The SRMs for MSA-P (The initial symptom of All the MSA-P patients in this study was parkinsonism),

the shorter duration group, and the early onset group were larger than those for MSA-C, the longer

duration group, and the late onset group. The former groups were graded to have a rapid progression. The

poor prognosis of MSA-P and rapid progression of early-stage MSA patients were previously mentioned

[17, 35], but it was not indicated that early-onset MSA would rapidly progress.

The present results reconfirm that the recruitment of ambulatory patients is essential for clinical trials.

Moreover, we suggest that walking and standing may indicate better ADL in MSA patients. In contrast,

the content affecting ADL, such as that assessed in the UMSARS Part 4, shows a ceiling effect, meaning

that the skilled hand activities of the UMSARS Part 2 or SARA are points of focus for patients with

worse ADL.

Overall scores on scales other than the UMSARS Part 3 and Part 4, which only contain one item each,

could have potentially been influenced by differences in individual item scores. Thus, in those cases,

score changes were cancelled out. Detailed analyses showed that the SRMs of individual items such as

skilled hand activities, walking, and standing were large. These items are thought to be rapidly changing

symptoms in the MSA trajectory. These are also influenced by cerebellar ataxia and Parkinsonism. Gait

ataxia is thought to derive from deficits in the inferior olivary nucleus, the pontine nuclei, and the

Purkinje cell layer of the cerebellum. In particular, reflecting rapid symptom changes of walking and
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standing, atrophy of vermis might progress faster. Retropulsion or bradykinesia arises from nigrostriatal

impairment, and skilled hand activities result from both olivopontocerebellar and nigrostriatal impairment.

This pathogenesis was consistent with the pathological changes in MSA.

Comprehensive scales assessing ataxia, Parkinsonism, and autonomic dysfunction are important,

whereas tools that are sensitive to symptom changes are also useful. A provisional scale composed of the

eight items with the largest SRMs (gait, transfers, finger tapping, handwriting, standing with feet together,

turning trunk (feet fixed), turning 360°, and body sway) was considered, and the total SRM of this scale

over 6 and 12 months was found to be larger than all over scales included in this study. In addition, this

scale not only required a far shorter amount of time for the examination compared to UMSARS (~5 as

opposed to 20 min), but the required sample size was smaller. This provisional scale which includes these

eight items might have with the potential to sensitively detect changes in MSA symptoms that occur over

a short period. Clinical trials for MSA, such as those that examined the effects of minocycline [39] and

rifampicin [40], have not yet yielded an effective treatment for MSA. This may have been due to

inadequate sample size, study design, and outcome measures. However, the use of a more sensitive scale

may yield more promising results. Slowing disease progression and improving skilled hand activities,

walking, and standing will improve ADL. We think this provisional scale, which can evaluate these

symptoms, could be beneficial and suitable for early-stage MSA patients. Moreover, as this scale was

correlated with many other scales, i.c., this provisional scale had criterion-related validity, further
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incorporation of this scale will greatly reduce overall assessment time. However, the content validity and

the reliability of these eight items should be assessed in the future.

We think symptom assessment scales focused on gait and balance disturbances are instrumental for the

evaluation of patients in early stages of MSA. Furthermore, the Spinocerebellar Ataxia Functional Index

(including 8 m timed walk, PATA rate, and 9-hole pegboard test) and the Functional Independent Measure

are also useful for evaluating ADL [41, 42], but these measurements need several items of equipment and

considerable time. In light of the simple assessments preferred in outpatient departments, we did not

adopt these measurements nor the NNIPPS scale.

The SCOPA-AUT does not adequately assess urinary disturbances when such disturbances progress, and

patients need intermittent catheterization or transurethral retained catheterization. In those cases, the

SCOPA-AUT score decreases. In addition, the SCOPA-AUT total score may underestimate autonomic

dysfunction. Thus, the progression of autonomic dysfunction may not be evaluated precisely. Autonomic

dysfunction is a very important factor in MSA progression [17, 43], but these SRMs were small. Existing

scales could not capture accurate changes in autonomic dysfunction. It is consequently necessary to

review various measurement methods, including objective neurophysiological examinations or

neuroimaging techniques. Further, the existing MSA scales did not attach high values to vocal cord

dysfunction or sleep apnea, which can cause sudden death. Such factors should be considered in the

revision of comprehensive scales such as UMSARS.
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The limitations of this study were as follows: (i) while patients had received a clinical diagnosis of MSA,

this was not pathologically confirmed; (ii) since it was difficult to match onset ages and disease durations,

the time point for estimating scale scores or SRMs varied; (iii) while the present results can be compared

with those of studies conducted in Western countries, such a comparison is not perfect owing to the

smaller number of MSA-P patients in the present sample; (iv) this study mainly dealt with

semi-quantitative assessments, and therefore quantitative tests for cerebellar ataxia based on

neurophysiological tasks should be considered as a future extension; and (v) clinical symptom scales

showed a ceiling effect. This ceiling effect could potentially be reduced by including study patients with

better ADL. However, a measurement method that changes linearly over the course of all disease stages

has not been developed.

Conclusion

The UMSARS (parts 2 and 4), SARA, and BBS were identified as probable sensitive scales for

assessing changes in MSA symptoms over 12 months. Among MSA-P patients, the short duration group

and early onset group showed rapid progression. Detailed analyses revealed that items with large SRMs,

such as skilled hand activities, walking, and standing, were thought to be useful as a way to evaluate

short-term changes.
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Legends

Table 1. Demographic data of the patients at the first evaluation

Total n = 85, * Fisher’s exact test and Wilcoxon’s rank test

Table 2. The correlation between disease duration and each scale score

p Spearman’s rank coefficients, * p < 0.05

Table 3. Standardized response means (SRMs) of each scale for all patients, Unified Multiple System

Atrophy Rating Scale (UMSARS) Part 4 <3, UMSARS Part 4 <2, and UMSARS Part 4 > 4

SRM6: SRMs in six months, SRM12: SRMs in twelve months

Table 4. The eight items with the largest standardized response mean

Table 5. The required sample size to detect treatment effects for each scale

UMSARS Unified Multiple System Atrophy Rating Scale, SARA Scale for the Assessment and Rating of

Ataxia, BBS Berg Balance Scale, MSA-QoL Multiple System Atrophy Health-Related Quality of Life

scale, SCOPAyAUT Scales for Outcomes in Parkinson’s Disease—Autonomic questionnaire
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Figure 1. Study procedure

Figure 2. Patient distribution of onset age and disease duration

Figure 3. The comparison of raw scores revealed time-dependent worsening among most scales.

UMSARSI1 Unified Multiple System Atrophy Rating Scale (UMSARS) Part 1, UMASRS2 UMSARS

Part 2, UMSARS3As UMSARS Part 3 systolic decrease, UMSARS3Ad UMSARS Part 3 diastolic

decrease, UMSARS4 UMSARS Part 4, SARA Scale for the Assessment and Rating of Ataxia, BBS Berg

Balance Scale, MSA-QoL Multiple System Atrophy Health-Related Quality of Life scale, SCOPA-AUT

Scales for Outcomes in Parkinson’s Disease—-Autonomic questionnaire.

Figure 4. Standardized response means (SRMs) of total scores of each scale.

a SRMs in all patients. b SRMs in MSA Parkinsonism-dominant subtype (MSA-P) and MSA cerebellar

ataxia dominant subtype (MSA-C). ¢ SRMs in the groups of disease duration less than 4 years and over 4

years. d SRMs in patients with an onset age of less than 62 years and greater than 62 years. e SRMs of a

pilot scale consisting of the largest SRM items. SRM6 SRM in 6 months, SRM12 SRM in 12 months

Figure 5. Sample size calculations.
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Required number (per group) of participants to measure treatment effect with 80 and 90 % statistical

power for the provisional scale which consists of selected eight items with the largest standardized

response mean (left) and Unified Multiple System Atrophy Rating Scale (UMSARS) Part 2 (right)



Table 1. Demographic data of the patients at the first evaluation

Total MSA-P MSA-C p value*
Patients, n (probable MSA, n) 85 (82) 25 (25) 60 (57) 0.5520
Gender, female (%) 47 (55) 11 (44) 36 (60) 0.2325
Onset age, years, mean + SD 60.0 + 8.3 60.8 +6.7 59.7+9.0 0.9192

Disease duration, months, mean + SD 45.5+29.3 52.3+32.6 42.7+27.8 0.1994

Initial symptoms (include overlap)

Dysarthria 9 2 7 0.6251
Upper extremity disturbances 13 7 6 0.0375
Gait disturbances 65 14 51 0.0044
Autonomic disturbances 6 3 3 0.2583

Treatment (include overlap)

L-dopa 24 19 5 < 0.0001

Taltirelin 61 14 47 0.0389

Vasopressors 9 2 7 0.6641
Gastrostomy, n 3 1 2 0.8664
Tracheostomy, n 2 1 1 0.4995

Scale scores, mean + SD

UMSARS Part 1 204+9.5 24.0+ 8.6 17.8+8.6 0.0197

UMSARS Part 2 209+9.6 244+9.0 18.1+8.3 0.0208

UMSARS Part 3 (systolic decrease) 18.5+16.1 17.5+14.8 18.1£18.1 0.7212

UMSARS Part 3 (diastolic decrease) 6.1+ 11.0 7.4+£12.2 4.2+10.6 0.4292

UMSARS Part 4 29+12 29+1.0 2.7+ 1.1 0.6793
SARA 18.4+7.2 17.0+7.5 17.9+6.7 0.4430
BBS 269+17.3 27.5+15.5 283+17.1 0.9270
MSA-QoL 56.2+£33.6 56.4 +£29.8 51.7+35.8 0.3157
SCOPA-AUT 14.6+74 17.5+9.9 13.3+6.2 0.1323
Barthel index 68.9+28.3 62.9+27.5 75.7+24.6 0.1040

UMSARS, Unified Multiple System Atrophy Rating Scale; SARA, Scale for the Assessment and Rating
of Ataxia; BBS, Berg Balance Scale; MSA-QoL, Multiple System Atrophy Health-Related Quality of Life

scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease — Autonomic questionnaire.



Table 2. Correlations between disease duration and each scale score

First assessment

Second assessment

Third assessment

UMSARS Part 1

p=0.4883 p<0.0001*

p=03245 p=0.0065*

p=03406 p=0.0063*

UMSARS Part 2

p=0.5067 p<0.0001*

p=03817 p=0.0012*

p=03408 p=0.0063*

UMSARS Part 3 (systolic decrease)

p=0.0517 p=0.6447

p=-0.0232 p=0.8555

p=-0.0162 p=0.9057

UMSARS Part 3 (diastolic decrease)

p=0.0707 p=0.5278

p=0.0855 p=0.5015

p=0.1183 p=0.3850

UMSARS Part 4

p=0.4216 p<0.0001*

p=03275 p=0.0060*

p=03901 p=0.0016*

SARA

p=0.4279 p<0.0001*

p=03486 p=0.0033*

p=03242 p=0.0095*

BBS

p=-0.5616 p<0.0001*

p=-0.4991 p<0.0001*

p=-0.4299 p=0.0004*

MSA-QoL

p=03112 p=0.0037*

p=02237 p=0.0647

p=02037 p=0.1094

SCOPA-AUT

p=-0.0179 p=08715

p=-0.0915 p=0.4546

p=-0.0833 p=0.5164

Barthel index

p=-0.5285 p<0.0001*

p=-0.3958 p=0.0021*

p=-04145 p=0.0015*%

UMSARS, Unified Multiple System Atrophy Rating Scale; SARA, Scale for the Assessment and Rating of Ataxia; BBS, Berg Balance Scale; MSA-QoL, Multiple

System Atrophy Health-Related Quality of Life scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease — Autonomic questionnaire.



Table 3. SRMs of each scale for all patients, Unified Multiple System Atrophy Rating Scale (UMSARS) Part 4 <3, UMSARS Part 4 <2 and UMSARS Part 4 >4

UMSARS Part 3 UMSARS Part 3
n SRM6 UMSARS Part 1 UMSARS Part 2 UMSARS Part 4 SARA BBS MSA-QoL  SCOPA-AUT
(systolic decrease) (diastolic decrease)

133 0.155 0. ?/;/éé}/////// . -0.082
182 0.120 %%// . . -0.158

69 All patients 0.218

49 UMSARS Part4<3  0.171

29 UMSARS Part4 <2 437 0.252 0.134 -0.113

20 UMSARS Part4 >4 %///// -0.057 0.358 0.092
UMSARS Part3 UMSARS Part 3

n SRM12 UMSARS Part 1 UMSARS Part 2 UMSARS Part 4 SARA BBS MSA-QoL.  SCOPA-AUT
(systolic decrease) (diastolic decrease)

63 All patients 0.419 1.092 0.046 0.112 -0.044

-0.090

46 UMSARS Part4<3 0.380 0.039 -0.037
.
)

26 UMSARS Part4<2  0.462 0.047 -0.148
0.060 0.451

17 UMSARS Part4>4  0.511

Second

Third ____

Fourth

UMSARS, Unified Multiple System Atrophy Rating Scale; SARA, Scale for the Assessment and Rating of Ataxia; BBS, Berg Balance Scale; MSA-QoL, Multiple System Atrophy Health-Related

Quality of Life scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease — Autonomic questionnaire.



Table 4. The eight items with the largest standardized response mean

1 Gait (from SARA 1)

Proband is asked (1) to walk at a safe distance parallel to a wall including a half-turn (turn around to
face the opposite direction of gait) and (2) to walk in tandem (heel-to-toe) without support.

. Normal, no difficulties in walking, turning, or walking tandem (up to one misstep allowed)

. Slight difficulties, only visible when walking 10 consecutive steps in tandem

. Clearly abnormal, tandem walking >10 steps not possible

. Considerable staggering, difficulties in half-turn, but without support

0

1

2

3

4. Marked staggering, intermittent support of the wall required

5. Severe staggering, permanent support of one stick or light support by one arm required

6. Walking > 10 m only with strong support (two special sticks or stroller or accompanying person)
7. Walking < 10 m only with strong support (two special sticks or stroller or accompanying person)
8

. Unable to walk, even if supported

2 Transfers (from BBS 5)

Arrange chairs(s) for a pivot transfer. Ask subject to transfer one way toward a seat with armrests and
one way toward a seat without armrests. Two chairs (one with and one without armrests) or a bed and
a chair may be used.

0. Able to transfer safely with minor use of hands

1. Able to transfer safely definite need of hands

2. Able to transfer with verbal cueing and/or supervision

3. Needs one person to assist

4. Needs two people to assist or supervise to be safe

3 Finger tapping (from UMSARS Part 2-8)

Patient taps thumb with index finger in rapid succession with widest amplitude possible, with each
hand for at least 15 to 20 seconds. Rate the worst affected limb. Note that impaired performance on
this task can be caused by bradykinesia and/or cerebellar incoordination. Rate functional performance
regardless of underlying motor disorder.

0. Normal.

1. Mildly impaired.

2. Moderately impaired.

3. Severely impaired.

4. Can barely perform the task.

4 Handwriting (from UMSARS Part 1-3)

0. Normal

1. Mildly impaired (all words are legible).

2. Moderately impaired (up to half of the words are illegible).
3. Markedly impaired (the majority of words are illegible).

4. Unable to write.




5 Standing unsupported with feet together (from BBS 7)

Place your feet together and stand without holding

0. able to place feet together independently and stand 1 minute safely

1. able to place feet together independently and stand for 1 minute with supervision
2. able to place feet together independently but unable to hold for 30 seconds

3. needs help to attain position but able to stand 15 seconds feet together

4. needs help to attain position and unable to hold for 15 seconds

6 Turning to look behind over left and right shoulders while standing (from BBS 10)

Turn to look directly behind you over toward left shoulder. Repeat to the right. Examiner may pick an
object to look at directly behind the subject to encourage a better twist turn.

0. looks behind from both sides and weight shifts well

1. looks behind one side only other side shows less weight shift

2. turns sideways only but maintains balance

3. needs supervision when turning

4. needs assist to keep from losing balance or falling

7 Turning 360 degrees (from BBS 11)

Turn completely around in a full circle. Pause. Then turn a full circle in the other direction.
0. able to turn 360 degrees safely in 4 seconds or less

1. able to turn 360 degrees safely one side only in 4 seconds or less

2. able to turn 360 degrees safely but slowly

3. needs close supervision or verbal cueing

4. needs assistance while turning

8 Body sway (from UMSARS part 2-13)

Rate spontaneous body sway and response to sudden, strong posterior displacement produced by pull
on shoulder while patient erect with eyes open and feet slightly apart. Patient has to be warned.

0. Normal.

1. Slight body sway and/or retropulsion with unaided recovery.

2. Moderate body sway and/or deficient postural response; might fall if not caught by examiner.

3. Severe body sway. Very unstable. Tends to lose balance spontaneously.

4. Unable to stand without assistance.

UMSARS, Unified Multiple System Atrophy Rating Scale; SARA, Scale for the Assessment and Rating
of Ataxia; BBS, Berg Balance Scale



Table 5. The required sample size to detect treatment effects for each scale

Scales Sample size (n)*
UMSARS Part 1 1,002
UMSARS Part 2 140
UMSARS Part 3 (systolic decrease) 152,590
UMSARS Part 3 (diastolic decrease) 13,900
UMSARS Part 4 217
SARA 136
BBS 142
MSA-QoL 532
SCOPA-AUT 499,207
Barthel index 249
the provisional scale** 98

* In the case of 80% power, 30% treatment effect.

** The provisional scale consists of selected eight items with the largest standardized response mean.

UMSARS, Unified Multiple System Atrophy Rating Scale; SARA, Scale for the Assessment and Rating
of Ataxia; BBS, Berg Balance Scale; MSA-QoL, Multiple System Atrophy Health-Related Quality of Life
scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease — Autonomic questionnaire; SIMSAS,

Simple Multiple System Atrophy Scale.



Initial registration: 87 patients

2 patients excluded
v because of misdiagnosis

15t assessment: 85 patients

| 16 patients had schedule conflicts

A 4

2"d assessment: 69 patients

3 patients died
v 3 patients had schedule conflicts

3'd assessment: 63 patients
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* p < 0.05, Wilcoxon’s rank test and Jonckheere-Terpstra trend test
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