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Progression of parkinsonism 
in multiple system atrophy

Introduction

Multiple system atrophy (MSA) is a sporadic, progres-
sive, adult onset disorder associated with varying de-
grees of parkinsonism, autonomic dysfunction, and
cerebellar ataxia. Neuropathologically, the parkinsonian
variant of MSA (striatonigral degeneration (SND) type,

MSA-P) is characterized by selective neuronal loss and
gliosis predominantly affecting the basal ganglia, sub-
stantia nigra, olivopontocerebellar pathways, and the in-
termediolateral cell column of the spinal cord, in associ-
ation with glial cytoplasmic inclusions containing
aggregated alpha-synuclein [8, 27]. Compared with pa-
tients with Parkinson’s disease, there is much faster dis-
ease progression in patients with MSA, with death oc-
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■ Abstract Background Progres-
sion of parkinsonian motor im-
pairment is usually rapid and re-
lentless in multiple system atrophy
(MSA). However, it may also be
subject to considerable variation.
Prospective natural history studies
using validated rating scales are re-
quired to accurately determine the
progression of parkinsonism in
MSA. Objective To assess the pro-
gression of parkinsonism in pa-
tients with the Parkinson variant of
MSA. Methods Parkinsonian motor
impairment was assessed on regu-
lar therapy at two time points
(mean follow-up 11.8 months, SD
1.4) using the Hoehn and Yahr
scale (H&Y), the Schwab and Eng-
land ADL scale (SES) and the mo-
tor examination section of the UP-
DRS (UPDRS-III) in 38 patients
with clinically probable MSA-P. Re-
sults We examined 38 patients with
probable MSA-P (mean age 63.2
years, SD 7.4; mean disease dura-
tion 4.1 years, SD 3.0). The mean
difference of UPDRS-III between
baseline and follow-up was 10.8

(95 % CI 8.6–12.9), consistent with
an average annual 28.3 % increase
of UPDRS-III baseline scores. Sev-
eral variables were associated with
faster progression of parkinsonism
including low baseline global mo-
tor disability as assessed by H&Y
and SES, low baseline UPDRS III
score, and short disease duration.
UPDRS-III progression was unre-
lated to gender, age at symptom
onset, and age at baseline visit.
Conclusion This is the first obser-
vational study on UPDRS rates of
decline in MSA. The observed
28.6 % annual increase of UPDRS-
III scores illustrates the rapid pro-
gression of motor impairment in
MSA. Furthermore, motor progres-
sion appeared to be accelerated
during the early disease stages. Our
data allow sample size calculations
that may be helpful for the plan-
ning of future therapeutic trials.

■ Key words Multiple system
atrophy · Parkinsonism · severity ·
UPDRS · progression
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curring on average 8 to 10 years after disease onset [12,
18–20, 22, 23]. Prospective natural history studies using
validated rating scales are required to accurately deter-
mine rates and predictors of progressive parkinsonism
in MSA. Rates of progression of parkinsonism are a pre-
requisite for designing future intervention trials in
MSA. However, to date studies assessing rates of pro-
gression of parkinsonism are lacking. In this pilot lon-
gitudinal study, we assessed progression of parkinson-
ism in MSA patients using the motor examination
section of the UPDRS [2] (UPDRS-III), which has been
shown to provide a useful severity measure of parkin-
sonism in MSA, albeit being contaminated by additional
cerebellar dysfunction [21].For this purpose,a cohort of
38 MSA patients was evaluated at two different time-
points.

Patients and methods

■ Data collection

Patients with MSA-P [4] were consecutively recruited at two regional
referral centres,Bordeaux,France,and Innsbruck,Austria.At baseline
visit, 34 of the patients had been classified as “probable” MSA, four as
“possible”, all of these being re-classified as “probable” at follow-up
examination [4]. A detailed clinical history and a neurological exam-
ination were performed.Parkinsonism was defined by the presence of
bradykinesia plus rigidity, tremor, or postural instability [4, 6].

Parkinsonian motor impairment was assessed on regular therapy
at two time points using the modified Hoehn and Yahr scale (H&Y),
the Schwab and England ADL scale (SES) and the motor examination
(ME) section of the Unified Parkinson’s Disease Rating Scale (UP-
DRS; UPDRS-III) separated by 12 months (± 2 months). Follow-up
examination was performed independently and prospectively by the
same rater, blinded to the results of the rating scales from the baseline
visit. None of the patients had had systemic illnesses, strokes or phys-
ical injuries that could have affected the motor assessment during fol-
low-up.

We calculated a mean medication dose by drug category for both
visits. For this measure, dopaminergic drugs were collapsed to lev-
odopa dose equivalents, as follows; – 100 mg levodopa plus decar-
boxylase inhibitor = 140 mg levodopa CR plus decarboxylase
inhibitor = levodopa x 1.2 if entacapone was used = 1 mg per-
golide = 1 mg pramipexole = 6 mg ropinirole = 2 mg cabergoline [14].
Demographic and clinical data of the patients are shown in Table 1.

■ Statistical analysis

Data were tabulated and analysed using SPSS 11.0 for windows (SPSS
Inc, USA). The significance level was set at p < 0.05. Because of the
multiple group comparisons when using the Friedman test, the sig-
nificance level of the post hoc Wilcoxon signed-rank tests was set at a
lower threshold (in our analysis: p < 0.05/6 = 0.008). Spearman’s rank
correlation coefficients of 0.35–0.49 was interpreted empirically as
low, those of 0.5–0.79 as moderate and those of 0.8 or greater as high.

Progression of parkinsonism

Disease progression was defined as the difference between baseline
and follow-up score of the UPDRS-III. Furthermore, rates of progres-
sion of subscores of the UPDRS-III were studied: an akinesia subscore
was calculated as the sum of items 23 to 26 of the UPDRS for both

sides; a rigidity subscore was derived from item 22 for both sides; a
subscore of postural instability and gait disorder (PIGD) from items
27 to 30, and a tremor subscore from items 20 and 21 for both sides.

Progression of motor disability was evaluated comparing the
H&Y stages, SES scores as well as the UPDRS-III score and its sub-
scores at baseline and follow-up using the Wilcoxon signed-rank test.
The Friedman test followed by post hoc Wilcoxon signed-rank test
was used for comparison of relative increases of the UPDRS III sub-
scores (difference of the UPDRS III subscore/maximal value of the
UPDRS III subscore). Baseline and follow-up medication were com-
pared by using the paired t-test.

Spearman’s rank correlation coefficients were calculated between
baseline UPDRS-III scores and the following variables: disease dura-
tion, age at symptom onset, and age at baseline visit.

Effects of baseline factors on progression of parkinsonism

For comparison of changes in UPDRS-III by categorical variables
(gender; baseline overall motor disability: H&Y ≤ 3 versus H&Y ≥ 4;
cerebellar symptoms at baseline: absent versus present; corticospinal
tract signs at baseline: absent versus present) the Mann-Whitney U
test was used. Further, we split the patients at the median disease du-
ration value (i. e. 39 months), at the median age at symptom onset
value (i. e. 60 years), at the median age of baseline examination value
(i. e. 64 years), at the median ADL score assessed by the SES (70 %),
and at the median UPDRS-III baseline score (i. e. 43), and compared
changes in UPDRS-III scores in the resultant subsets by means of the
Mann-Whitney U test, to test the effects of those variables on pro-
gression of motor impairment. All the analyses were repeated cor-
recting the changes of UPDRS-III for the individual follow-up time.

Sample size calculation

Based on our data on UPDRS III progression, we have performed a
sample size calculation for a therapeutic agent in MSA-P assuming
that the therapeutic agent reduced motor progression (as defined by
the difference between baseline and follow-up score of the UPDRS-
III) by either 20 % or 50 % and power was 0.80 or 0.90 (using two-
tailed tests) with a type 1 error of 0.05. We also assumed that the trial
would be of approximately the same length as our study (12 months).
Since a clinical trial would most likely include less disabled patients,
these estimates were also calculated using only patients whose H&Y
stage was less than or equal to 3 (“mild to moderate bilateral disease,
some postural instability, physically independent”) at baseline visit.

Results

■ Patient characteristics

We examined 38 patients with MSA-P. Five patients
(13 %) were recruited from Bordeaux, France, 33 (87 %)
from Innsbruck, Austria. Demographic data of the pa-
tients are listed in Table 1. The mean interval between
first and follow-up evaluation was 11.8 months (SD 1.4).
At baseline examination 36 patients (94.7 %) had auto-
nomic or urinary dysfunction and all patients exhibited
parkinsonian features; 13 of the patients (34.2 %) had at
least one cerebellar sign or symptom, and 17 of the pa-
tients (44.7 %) had corticospinal tract signs as defined
by the consensus criteria [4]. Any subjective positive re-
sponse to levodopa treatment was present in 39.4 % of
the patients at baseline visit and in 29 % at the follow-up
visit. However, only 10.5 % of the patients had a subjec-
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tive good dopaminergic response (> 50 % subjective im-
provement) at baseline, and 5.3 % at follow-up, respec-
tively.

Baseline UPDRS III (r = 0.40, p < 0.05) showed a low
but significant correlation with disease duration.No sig-
nificant correlation was observed between baseline UP-
DRS-III scores and age at symptom onset (r = 0.11) or at
baseline (r = –0.12).

■ Progression of parkinsonism

Table 2 shows the scores on the UPDRS-III, SES, H&Y
and the UPDRS-III subscores. There were significantly
higher UPDRS-III, SES and H&Y scores at follow-up
than at baseline evaluation, demonstrating a decline in
motor function. Also the UPDRS-III subscores for aki-
nesia, rigidity, and the PIGD subscore were significantly
higher at follow-up examination compared to baseline.
By contrast, the tremor subscore did not change signifi-
cantly between baseline and follow-up evaluations.

The mean difference of UPDRS-III between baseline
and follow-up was 10.8 (95 % CI 8.6–12.9), consistent
with a 10 % (95 % CI 8.0–12.0) increase on the total
UPDRS III score or 28.3 % (95 % CI 21.0–35.6) compared
with baseline UPDRS-III scores. Table 2 also shows the
mean differences of the subscores of the UPDRS-III.
When comparing the relative increase of the subscores
(i. e. difference of the UPDRS III subscore/maximal
value of the UPDRS III subscore) by means of the Fried-

man Test, this was significant (p = 0.001). Post-hoc test-
ing with the Wilcoxon signed-rank test revealed signifi-
cant higher increases of the akinesia subscore, of the
rigidity subscore and of the PIDG subscore compared
with the tremor subscore (all p < 0.008),while there were
no significant differences when comparing the akinesia,
the rigidity and the PIDG subscore.

■ Effects of baseline factors on progression 
of parkinsonism

Several variables were associated with faster progres-
sion as measured on the UPDRS III. These factors in-
cluded high baseline ADL score as assessed by the SES,
low baseline overall motor disability as assessed by the
H&Y, low baseline UPDRS III scores, and a short disease
duration (Table 3). Motor progression was unrelated to
gender, age at symptom onset, and age at baseline visit.
Motor progression was also unrelated to the presence of
additional cerebellar symptoms and corticospinal tract
signs at baseline. Correcting the differences for the indi-
vidual follow-up time resulted in the same outcome.

■ Medication changes

All of the patients were treated with levodopa at baseline
and follow-up examination.At follow-up, the mean dose
of levodopa (702 mg, SD 281) was significantly higher
than at baseline (621 mg, SD 265; p < 0.01). The dose of
dopamine agonists assessed as levodopa dose equiva-
lents (baseline: mean 243 mg, SD 221, n = 7; follow-up
mean 200 mg, SD 147, n = 11) as well as the amantadine
dose (baseline: mean 288 mg, SD 89, n = 16; follow-up
mean 321 mg, SD 113, n = 17) did not change signifi-
cantly during follow-up. When all dopaminomimetic
drugs (including levodopa and dopamine agonists)
were pooled together, the dose was higher at follow-up
(747 mg, SD 327) than at baseline (678 mg, SD 312;
p < 0.05).

Table 1 Demographic and clinical data of 38 MSA-P patients

Male: female 14 : 24

Age (years)
Mean (SD) 63.2 (7.4)

Age at symptom onset (years)
Mean (SD) 59.1 (7.0)

Disease duration at baseline (years)
Mean (SD) 4.1 (3.0)

Score UPDRS Max. Baseline score Score at follow-up Difference between baseline P*
item value Mean (median; SD) Mean (median; SD) and follow-up evaluation

Mean (median; 95% CI)

UPDRS-III 18–31 108 47.0 (43.5; 15.7) 57.8 (56.5; 12.4) 10.8 (11.0, 8.6–12.9) < 0.001

Akinesia 23–26 32 17.9 (15.5; 6.9) 22.6 (22.0; 6.2) 4.7 (5.0; 3.7–5.8) < 0.001

Rigidity 22 20 10.6 (10.0; 4.1) 13.5 (13.0; 3.3) 2.9 (3.0; 2.1–3.7) 0.002

Tremor 20–21 28 4.7 (4.5; 2.8) 4.7 (4.5; 3.2) 0 (0; –1.0–1.0) NS

PIGD 27–30 16 7.7 (7.0; 3.2) 9.8 (9.0; 2.9) 2.2 (2.0; 1.6–2.8) < 0.001

H & Y 43 5 3.3 (3.0; 0.7) 3.9 (4.0; 0.7) 0.6 (1.0; 0.4–0.7) < 0.001

SES 44 100 60.0 (70.0; 22.2) 45.0 (50.0; 19.6) 15.0 (20.0; 11.7–18.3) < 0.001

PIGD postural instability and gait disorder; H&Y Hoehn and Yahr stage; SES Schwab and England ADL; NS not significant
* baseline vs. follow-up examination, Wilcoxon signed-rank test

Table 2 Baseline and follow-up UP-
DRS-III scores in 38 MSA-P patients
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■ Sample size calculation

Based on these data on UPDRS III progression data, we
have performed a sample size calculation for a thera-
peutic agent in MSA-P assuming that the therapeutic
agent reduced motor progression as assessed by the UP-
DRS III by either 20 % or 50 % and power was 0.80 or
0.90 with a type 1 error of 0.05. Table 4 lists these esti-
mates.Since a clinical trial would most likely include less
disabled patients, these estimates were also calculated
assuming that only patients with a H&Y stage ≤ 3 would
be included in such a trial (Table 4).

Discussion

Progression of parkinsonism is usually relentless in
MSA, but, there may be considerable interindividual
variation [23–25, 27]. We here present the first prospec-
tive study on UPDRS rates of decline in MSA. Our data
confirm the rapid progression of motor impairment in
MSA which appears to be accelerated during early dis-
ease stages.

There have been several prior studies focusing on
UPDRS rates of decline in PD [5, 7, 11, 13].A prospective
controlled trial in 101 patients with mild PD revealed a
0.6 % – 4.1 % increase of UPDRS-III scores between un-
treated baseline and final visits during a 14-month pe-
riod [13]. A community-based sample of 237 PD pa-
tients followed for 1–8 years showed a mean 1.5 %
annual increase in UPDRS III scores under medical
management [11]. In 297 patients followed up for at least
three years at a speciality clinic, the annual rate of de-
cline in the total UPDRS scores was 1.34 when assessed
during the on state and 1.58 when assessed during the
off state [7]. In a dedicated Parkinson centre, 60 PD pa-
tients having HY stage II at baseline demonstrated a
non-significant increase of UPDRS-III scores from aver-
age 27.8 points at baseline to 28.3 points after 4 years un-
der medical management [5]. This was in contrast to a
significant progression of UPDRS-III scores with a
mean baseline value of 38.1 and a mean follow-up score
of 41.7 at 4 years under medical management in 50 PD
patients having HY stage III at baseline [5].

We prospectively followed up a cohort of 38 patients
with MSA-P for an average of one year. We observed an
average increase of UPDRS-III subscores of 10.8 during
this time period, corresponding to an average annual
28.3 % increase of UPDRS-III baseline scores. This de-
gree of progression by far exceeds the known UPDRS
rates of decline in PD [5, 7, 11, 13]. The degree of pro-
gression in our cohort of MSA patients is consistent with
a previous retrospective clinicopathological study
demonstrating faster rates of H&Y progression in MSA
(and other atypical parkinsonian disorders) compared
with PD [12]. Although medication was increased,
parkinsonism was not stabilised in our study during fol-
low-up, indeed it deteriorated.This is consistent with the

Table 3 Baseline factors and change of UPDRS III in 38 MSA-P patients

Baseline factor Mean UPDRS III change between P*
baseline and follow-up evaluation
(median; 95% CI)

Gender
Male (n = 14) 11.9 (13; 8.5–15.4) NS
Female (n = 24) 10.2 (11; 7.1–13.3)

Cerebellar symptoms
Present (n = 13) 11.5 (5.6–17.5) NS
Absent (n = 25) 10.4 (8.2–12.7

Corticospinal tract signs
Present (n = 17) 10.9 (6.4–15.5) NS
Absent (n = 21) 10.7 (8.1–13.3)

Age of onset
Low (≤ 60; n = 19) 9.3 (10.0; 6.0–12.7) NS
High (> 60; n = 19) 12.3 (12.0; 9.4–15.1)

Age at baseline
Low (≤ 64; n = 19) 12.3 (13.0; 9.6–14.9) NS
High (> 64; n = 19) 9.3 (10.0; 5.8–12.8)

Disease duration
Short (≤ 39; n = 19) 13.3 (13.0; 10.7–15.9) < 0.05
Long (> 39; n = 19) 8.3 (10.0; 5.1–11.6)

H&Y
≤ 3 (n = 25) 13.2 (13.0; 11.1–15.3) < 0.01
≥ 4 (n = 13) 6.2 (8.0; 2.0–10.3)

UPDRS III
Low (≤ 43; n = 19) 14.3 (14.0; 11.9–16.7) < 0.01
High (> 43; n = 19) 7.3 (8.0; 4.4–10.3)

ADL (SES)
High (≥ 70; n = 17) 13.2 (13.0; 10.9–15.6) < 0.05
Low (< 70; n = 21) 7.8 (8.0; 4.2–11.4)

H&Y Hoehn and Yahr stage; ADL activities of daily living; SES Schwab and England
ADL; NS not significant. Patients were split at the median disease duration value
(i. e. 39 months), at the median age at symptom onset value (i. e. 60 years), at the
median age of baseline examination value (i. e. 64 years), at the median ADL score
assessed by the SES (70 %), and at the median UPDRS-III baseline score (i. e. 43)
* Mann-Whitney U test

Table 4 Sample size calculations: Number of patients needed in each group for a
therapeutic trial assuming effect size of 20 % or 50 %

Power Effect size N per group N (if H&Y ≤ 3)

80% 50% 24 11
20% 144 58

90% 50% 32 14
20% 192 77

H&Y Hoehn and Yahr stage
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poor dopaminergic response of patients with MSA re-
ported in the literature [21, 23, 27]. In fact, only a mi-
nority of the patients in our study reported a significant
(> 50 %) subjective dopaminergic response at baseline
and follow-up.

Patients with shorter disease duration progressed
more rapidly than patients with longer disease duration
over one year of follow-up in our study. Consistent with
this finding, lower baseline overall motor disability (low
H&Y and high SES), and lower baseline UPDRS III
scores were significantly associated with faster UPDRS
III progression rates. This suggests that parkinsonism
progresses more rapidly in early stages of the disease
when motor impairment is mild or moderate with slow-
ing of progression rates in more advanced stages of the
disease. Similarly, non-linear progression of motor de-
cline rates has also been reported in PD with faster pro-
gression early in the disease [7, 9, 11, 15]. As in PD, there
remain a number of unknowns concerning disease pro-
gression in MSA. Thus, we do not know how much
pathological change has occurred by the time the clini-
cal features begin or diagnosis is made. Nor do we know
whether the underlying pathological changes occur at a
linear rate. If so, it could still produce a decelerating pro-
gression over time because of the smaller number of
neurons remaining. Nor can it necessarily be assumed
that a linear increase in pathology in MSA will be re-
flected in a linear worsening on a clinical scale such as
the UPDRS III,or even that a linear worsening of UPDRS
III adequately represents clinical progression overall.
Because different domains of the UPDRS III may
progress at different rates, we have also calculated pro-
gression rates for akinesia, rigidity, tremor, and PIGD
subscores. Similarly to patients with PD [11], the tremor
subscore did not worsen with time suggesting that (at a
group level) tremor may be relatively non-progressive in
patients with MSA-P. On the other hand, the subscores
for akinesia, rigidity and PIGD clearly deteriorated with
time.

Other clinical features including gender, age at symp-
tom onset and age at baseline visit failed to determine
UPDRS rates of decline in our observational study. A
large study from Japan on 230 patients with MSA (MSA-
C: n = 155; MSA-P: n = 75) indicated that gender was not
associated with faster worsening of motor disability
milestones (aid-requiring walking; wheelchair-bound
state; bedridden state) [22]. The same study indicated
that MSA patients with higher age at disease onset
progress more rapidly to each motor disability mile-
stone than MSA patients with a younger age at disease
onset [22]. The absence of an effect of age at symptom
onset on motor progression in our study could have
been due to the relatively short follow-up period in our
study,due to smaller numbers of patients studied,or due
to the inclusion of MSA-P subjects only. Motor progres-
sion in our study was also unrelated to the presence of

additional cerebellar symptoms and corticospinal tract
signs at baseline.

Our observational study has a number of limitations.
First, the patients were all drawn from speciality clinics,
and it is possible that a community based sample of
MSA patients would have different progression than the
patients followed in our study. On the other hand, our
sample is well suited for estimates of motor progression
in patients likely to be enrolled in outpatient clinical tri-
als at speciality clinics. Second, it is also possible that pa-
tients with milder disease were not yet included in our
study because they did not meet the stringent clinical di-
agnostic criteria. This may create additional bias as pa-
tients with delayed evolution of MSA progress less
rapidly to each motor disability milestone and to death
according to the Japanese study cited above [22]. Fur-
thermore, misdiagnosis in some of the clinically diag-
nosed patients cannot be excluded in the absence of
post-mortem verification [10]. Third, all patients were
on regular medication and the assessment of parkin-
sonism may have been affected by alterations in their
medical regimen. However, this was not a study of the
natural progression of untreated MSA patients or of pa-
tients with MSA on stable medication, instead we were
interested in the natural course of treated MSA. Never-
theless,even on stable medications,some patients would
have been varying at different times of the day. Fourth, a
larger cohort of patients followed-up for extended time
periods will be required to substantiate the nonlinear
progression of parkinsonism observed in our study.
Fifth, although the UPDRS has been the instrument of
choice to measure motor disability in MSA so far [1, 3,
17, 21], it does not accurately reflect the complex motor
picture of MSA owing to the mixed cerebellar and
parkinsonian motor impairment that occurs in most
MSA patients [16]. However, the UPDRS-III has been
shown to provide a useful severity measure of parkin-
sonism in MSA [21]. Since this study was carried out, the
European MSA Study Group (EMSA-SG) has developed
and validated a new Unified MSA Rating Scale (UM-
SARS) specifically designed for assessing disease sever-
ity in MSA [26] and this scale is being used in a larger
(120 enrolled MSA patients planned) study with 2 year
follow-up that was launched by the European MSA
Study Group in 2002. Finally, it is possible that some of
the p-values obtained in our study are overstated, be-
cause no adjustment was made to provide for multiple
statistical comparisons we have performed since 1)
there is no satisfactory way to adjust for the multiple
comparisons we have done and 2) this was an ex-
ploratory study.

Despite these limitations, this observational study of
UPDRS decline rates in MSA-P patients corroborates the
rapidly progressive nature of parkinsonism in this dis-
order, particularly in patients with early disease and
mild or moderate baseline disability. Furthermore, our
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data allow sample size calculations that may be helpful
for the planning of future therapeutic trials.
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