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Introduction: Cognitive decline is not a characteristic feature of multiple system atrophy

(MSA), but recent evidence suggests cognitive impairment as an integral part of the

disease. We aim to describe the cognitive profile and its progression in a cohort of

patients with MSA.

Methods: We retrospectively selected patients referred to our department with a clinical

diagnosis of MSA who were evaluated at least once a year during the course of the

disease and underwent a comprehensive neuropsychological evaluation.

Results: At the first evaluation (T0), 37 out of 60 patients (62%) were cognitively impaired,

mainly (76%) in attention and executive functioning. Thirteen patients were impaired

in one cognitive domain and 24 in more than one cognitive domain. Six out of the

24 had dementia. Twenty patients underwent a follow-up evaluation (T1) after a mean

of 16.6 ± 9.3 months from the first evaluation (T0). Eight out of 20 patients were

cognitively normal at both T0 and T1. Seven out of 12 patients presented with stable

cognitive impairment at T1, while cognitive decline progressed in five patients. Patients

with progression in cognitive decline performed significantly worse at T0 than cognitively

stable patients. Education was significantly different between patients with and without

cognitive impairment. No other differences in demographic and clinical variables and

autonomic or sleep disturbances were found. Patients with dementia were older at

disease onset and at T0 and had lower education and disease duration at T0 compared

to those in other groups.

Conclusions: In patients with MSA, we observed three different cognitive profiles:

normal cognition, stable selective attention-executive deficits, and progressive cognitive

deficits evolving to dementia. The detection of cognitive impairment in patients

with suspected MSA suggests the need for comprehensive and longitudinal

neuropsychological evaluation.
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INTRODUCTION

Multiple system atrophy (MSA) is a sporadic neurodegenerative
disease characterized by autonomic failure associated with a
combination of cerebellar and/or parkinsonian signs. It is
subclassified into a cerebellar (MSA-C) or parkinsonian (MSA-P)
variant, depending on the predominant clinical phenotype (1).

According to the diagnostic criteria for MSA, dementia is a
non-supporting feature for diagnosis (1). However, three cross-
sectional studies estimated a dementia prevalence of 15% during
the course of the disease (2–4).

An evidence-based review of the “Neuropsychology Task
Force of the Movement Disorders Society MSA” (MODIMSA)
Study Group suggests cognitive impairment (CI) as an integral
feature of the disease (5). However, the frequency of CI varies
largely among studies (between 33 and 83%).

Furthermore, due to the heterogeneity of the
neuropsychological assessment, the profile of CI in MSA has not
been well-characterized. Although executive function seems to
be the most impaired function, memory and visuospatial deficits
may also occur (5).

Similarly, comparative studies of the association between CI
and MSA subtypes in MSA-P and MSA-C led to controversial
results (5–10). Considering observational studies, Chang et al.
reported comparable neuropsychological performance in both
MSA motor subtypes while others (5) reported differences in
both the number and type of domains impaired.

It has to be considered that only a few studies evaluated the
progression of cognitive deficits on small samples and in short
follow-up periods, reporting progressive worsening of speed,
attention, and executive function (7, 11–14).

Only one study reported differences between MSA-P and
MSA-C at 1 year evaluation, with a significant worsening in
both groups but with a different cognitive evolution. In detail,
worsening in spatial planning and psychomotor speed was
observed in patients with MSA-C and a significant worsening
in prose memory, spatial planning, and repetition abilities in
patients with MSA-P (14). On the contrary, Fiorenzato et al.
reported no cognitive change in MSA-P and MSA-C between
baseline and follow-up evaluations.

Because of these controversial aspects concerning CI in
MSA, we aimed to retrospectively describe the cognitive
profile, its progression, and the relationship with demographic
and clinical characteristics of patients with MSA assessed
through a comprehensive neuropsychological evaluation and
longitudinally followed up at the Department of Biomedical and
Neuromotor Sciences (DiBiNeM) at the University of Bologna.

MATERIALS AND METHODS

Patient Selection
We retrospectively selected patients with a final clinical
diagnosis of MSA referred to the movement disorders and
autonomic disorders centers of our department, between 1991
and 2017, who were evaluated at least once a year during the
disease course and who underwent at least one comprehensive
neuropsychological evaluation.

Among this group, we also analyzed the data of patients
who underwent two neuropsychological evaluations (baseline
evaluation= T0 and second evaluation= T1).

Three neurologists specialized in movement disorders
independently confirmed MSA diagnosis according to
international criteria (1) from data available at the last follow-up
evaluation; their consensus and absence of non-supporting
features for MSA, excluding the presence of dementia [according
to DSM-IV criteria, (15)], were mandatory for inclusion in
the study.

Clinical Features and Instrumental
Investigation
The MSA phenotype was defined as cerebellar (MSA-C)
or parkinsonian (MSA-P) on the basis of the predominant
phenotype at the time of the last follow-up visit. As reported
in previous studies (16, 17), we collected the following clinical
data from medical records in a standardized fashion by one
author and entered them into an ad hoc database for statistical
analysis: (1) age at disease onset (i.e., age at the time of the
first reported motor or autonomic symptom or sign that could
be related to MSA); (2) age and cause of death (if applicable);
(3) disease duration (i.e., interval from first symptom onset to
death or to the last clinical follow-up and neuropsychological
evaluation); (4) symptoms at initial presentation; (5) presence
of parkinsonian, cerebellar, autonomic, or pyramidal signs at
annual neurological evaluations; (6) presence of obstructive sleep
apnea syndrome (OSAS), stridor, and/or rapid eye movement
(REM) sleep behavior disorder (RBD), confirmed by all-night
video polysomnography (VPSG); (7) diagnosis of neurogenic
orthostatic hypotension (OH) confirmed by cardiovascular reflex
tests; and (8) milestones of disease progression, i.e., frequent
falls (at least three falls per year or documentation of frequent
or several falls), loss of ambulatory independence, wheelchair
dependence, severe dysphagia or percutaneous endoscopic
gastrostomy, severe dysarthria, and urinary catheterization.
Disease severity was determined based on the number of
milestones achieved.

Neuropsychological Assessment
All patients underwent a comprehensive cognitive assessment
composed by an extensive battery of neuropsychological tests,
standardized on the Italian population, that examined the main
cognitive domains (global cognition, verbal and visual memory,
attention, executive and visuospatial function, constructional
praxis, and language) (18–30).

Each cognitive domain was evaluated with at least two tests for
each function (31). Specifically, global cognition was evaluated
with the Mini-Mental State Examination (MMSE) (18, 19) and
the Final Result of the Brief Mental Deterioration Battery (FR
BMDB) (23); memory with the Rey Auditory Verbal Learning
Test (RAVLT)—immediate recall (RAVLT IR) and delayed recall
(RAVLT DR) (24); attention with the Barrage test (23) and
immediate visual memory (IVM) (24); executive function with
the Simple Verbal Analogies Test (SVAT) (23, 32) and Stroop
test (25); language with verbal phonemic fluency (VPF) (24) and
verbal semantic fluency (FS) tasks (26); and visuospatial and
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constructive function through simple copy drawing (CD) (24)
and pentagon copy (PC) tasks (27). Depression and anxiety were
evaluated with the Beck Depression Inventory (BDI) (33) and
the State Trait Anxiety Inventory (STAI) (34). We refer to this
evaluation as the standard battery.

Because of the retrospective nature of the study, the number
of tests used to evaluate each patient was not consistent in all
cases. Some of the patients underwent a further evaluation of
global cognition with Raven’s Progressive Matrices (RPM) (24);
memory with Rey’s complex figure delayed recall (ReyD) (24)
and paired word learning (PWL) (28) tests; working memory
with Verbal Span Forward and Backward (SpanVF and SpanVB,
respectively) (29, 35) and Corsi’s Span (SpanC) (30, 35) tasks;
attention and executive function with Trial Making Tests A
and B (TMT-A and TMT-B, respectively) (20); and visuospatial
functioning with Rey’s Figure Copy (ReyC) (21) and Benton
Line Orientation (LO) tests (22). These tests constituted the
second-level battery.

The comparison of cognitive profiles, frequency of patients,
and domains and test on which patients were impaired classified
according to the standard battery and the second-level battery
did not reveal significant differences in the evaluation (data
not shown).

All test results were corrected for age, sex, and education
according to Italian standardization.

Normative data were used to define normality and non-
normality on each cognitive test.

CI was defined as an abnormal score on at least one test of
the standard battery. Mild CI (MCI) was diagnosed according
to Litvan et al.’s criteria for MCI in Parkinson’s disease level
II: objective impairment on at least two tests, either within a
single cognitive domain or across different cognitive domains
detected by neuropsychological tests with 1.5-SD cut-off, as per
the normative Italian data, reported above.

Dementia was defined according to the following criteria:
(1) MMSE score (18), corrected for age and education, lower
than a value of 23.8, as per Italian standardization (19), and an
FR BMDB value lower than 0; and (2) objective impairment in
at least four cognitive domains detected by neuropsychological
tests with a 1.5-SD cut-off, as per the normative Italian data,
reported above.

Worsening or progression of CI was defined if at least a
further cognitive domain at T1, with respect to T0 evaluation,
was abnormal.

Two neurologists specialized in cognitive disorders
independently confirmed the diagnosis of CI, MCI, or dementia.
The same neuropsychological evaluation was performed at
baseline (T0) and follow-up evaluations (T1).

Standard Protocol Approval, Registration,
and Patient Consent
The ethics committee of Bologna approved the study (AUSL
Committee, approval number 17093). All patients provided
written informed consent for using personal data for research
purposes. The study was performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

STATISTICAL ANALYSIS

The normality of the distribution of the continuous parameters
was assessed using the skewness–kurtosis test. Continuous
variables were compared using Student’s test or Mann Whitney
U-test. Categorical variables were described by their absolute
and/or relative frequencies and compared using the chi square
test. Because of the retrospective nature of the study, we corrected
tests whose performance implied motor ability (i.e., Barrage test,
TMT-A, CD, PC, SpanC, ReyC, and RAVLT DR) for the number
of milestones achieved. Wilcoxon signed-rank for repeated-
measures test was used to compare clinical features and results
of cognitive tests at baseline and follow-up evaluations. The
Kruskal–Wallis test was used to compare differences among
three groups: patients without CI, patients with a stable degree
of CI, and patients who progressed from baseline to follow-
up evaluations. A correction for multiple comparisons with
Bonferroni’s method was applied when appropriate. A p < 0.05
was considered significant. Statistical analyses were performed
using the SPSS (21.0) software package.

RESULTS

Clinical, Neuropsychological, and
Behavioral Baseline Evaluation
A total of 145 patients with MSA were analyzed. Sixty patients
(36 males, mean age at disease onset 57.6± 9.3, education 10.3±
4.7 years) underwent at least one neuropsychological evaluation
and were included in the present study.

Ten of these patients were enrolled in a previous prospective
study by our team (12).

Disease duration at neuropsychological evaluation was 5 ±

1 years. These patients did not differ in sex, age at onset,
disease duration, or severity from those who did not undergo
neuropsychological evaluation (n= 85).

The neuropsychological test results of the 60 patients with
MSA at baseline evaluation (T0) are presented in Table 1.

Thirty-seven out of 60 patients (62%) were cognitively
impaired. At neuropsychological evaluation, patients with and
without CI did not significantly differ in age (61.73 ±

14.29 and 60.26 ± 7.18 years, respectively; p = 0.20) and
sex (M/F: 25/12 and 11/12, respectively; p = 0.18), while
education was significantly lower in patients with CI (8.9 ±

4.4 vs. 12.5 ± 4.3 years in patients without CI; p < 0.003).
Of the 60 patients, executive function was impaired in 23
(38%), verbal memory and visuospatial functions in 15 (25%),
attention in 14 (23%), and language in 9 (15%) patients
(Figure 1).

Comparing the results on each task, we found that patients
with CI had significantly worse performance compared to those
without CI mainly on tests of attention and executive function
(Barrage total score, p < 0.0002, and SVAT, p < 0.001), followed
by performance on tests of memory (RAVLT IR, p < 0.0001;
RAVLTDR, p< 0.002; and IVM, p< 0.001) and semantic fluency
(p < 0.001). No differences were detected on the affective tasks
(depression, p = 0.06, and anxiety, p = 0.23). Thirteen out of
37 (35%) patients were impaired in one cognitive domain and
24 (65%) in more than one cognitive domain. Eighteen patients
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TABLE 1 | Neuropsychological characteristics of patients.

Patients without cognitive impairment

(n = 23)

Patients with cognitive impairment

(n = 37)

p

Mean SD Mean SD

MMSE* 28.13 1.07 26.22 2.98 0.0001

BMDB* 2.24 0.62 1.09 0.93 0.0001

RPM 32.86 1.89 28.71 3.94 0.01

RAVLT DR*§ 44.62 7.94 33.16 7.81 0.0001

RAVLT IR*§ 9.07 2.18 6.87 2.55 0.002

IVM*§ 19.79 2.53 17.77 2.31 0.001

ReyC 33.93 2.49 27.09 9.71 0.22

ReyD 19.09 3.43 13.08 6.05 0.13

PWL 15.34 4.08 8.43 3.27 0.001

SpanVF 6.66 1.17 5.59 1.31 0.09

SpanVB 5.44 0.72 3.69 1.27 0.008

SpanC 5.93 0.82 4.54 1.08 0.004

Barrage*§
−0.47 0.6 2.08 3.48 0.001

StroopT* 18.29 6.92 26.11 9.51 0.11

StroopE* −0.17 0.75 2.43 2.82 0.22

TMT-A 38.15 16.66 59.14 32.99 0.18

VPF* 29.6 8.59 24.6 9.01 0.06

VSF*§ 45.78 6.42 42.58 32.2 0.001

SVAT*§ 18.22 1.39 15.2 3.79 0.001

TMT-B 56.4 42.60 114.30 59.93 0.009

TMT-B-A 19.15 30.16 53.34 41.73 0.03

CD* 11 1 7.6 4.39 0.09

LO 28.00 2.07 23.33 5.07 0.02

BDI 12.24 6.96 18.05 11.23 0.06

STAI 41 11.38 47 19 0.23

MMSE, Mini-Mental State Examination; BMDB, Brief Mental Deterioration Battery; RPM, Raven’s Progressive Matrices; RAVLT IR, Rey Auditory Verbal Learning Test, immediate recall;

RAVLT DR, Rey Auditory Verbal Learning Test, delayed recall; IVM, Immediate visual memory; ReyC, Rey’s Figure Copy; ReyD, Rey’s complex figure delayed recall; PWL, Paired word

learning; SpanVF, Verbal Span Forward; SpanVB, Verbal Span Backward; SpanC, Corsi’s Span; Barrage, Barrage test; TMT-A, Trial Making Test A; TMT-B, Trial Making Test B; TMT

B-A, Trial Making Test B-A; Stroop test T, Stroop Test, Time; Stroop test E, Stroop Test, Error; SVAT, Simple Verbal Analogies Test; VPF, Verbal Phonemic Fluency; VSF, Verbal Semantic

Fluency; CD, Simple Copy Drawing; LO, Benton Line Orientation; BDI, Beck Depression Inventory; STAI, State Trait Anxiety Inventory.

*The test included in the standard battery of cognitive evaluation used in our center. §Significantly different results (p < 0.05).

met the criteria for MCI. They were all impaired in attention
and executive functioning; nine patients were also impaired in
memory and praxis.

Patients with MCI had significantly lower education (mean±

SD: 8.87± 4.79), higher age at onset (mean± SD: 59.04± 9.55),
and worse cognitive performance on all evaluation measures
except on number of errors on the Stroop test (mean ± SD:
0.18 ± 0.71) and CD (mean ± SD: 7.25 ± 4.99) compared to
patients without CI. No other clinical or demographic differences
were observed.

Six out of 24 (25%) patients were classified as having
dementia. Patients with dementia (4 M/2 F; age at disease onset
62.5 ± 3.8 years; age at neuropsychological evaluation 68.5
± 3.3 years; disease duration 54.9 ± 12.4 months; MSA-P
= 2, MSA-C = 4) had higher age at disease onset and at
neuropsychological evaluation and lower education and disease
duration at neuropsychological evaluation than the other group
of patients.

No differences in the cognitive profile were detected between
patients who underwent the standard (n = 42) and the second-
level neuropsychological evaluations (n= 18).

Clinical variables (i.e., clinical phenotype at onset, disease
duration, and severity) and autonomic or sleep disturbances
(OH, RBD, OSAS, and stridor) were not different between
patients with and without CI (Table 2).

In detail, mean blood pressure values continuously recorded
during supine position and head up tilt test were not
significantly different between cognitively normal and cognitively
impaired patients.

Neuropsychological and Behavioral
Follow-Up Evaluation
Twenty patients underwent a follow-up evaluation (T1) after a
mean of 16.6 ± 9.3 months from the first evaluation (T0) (age at
T1 = 60.9 ± 9.5 years; disease duration = 82 ± 46.2 months).

Frontiers in Neurology | www.frontiersin.org 4 November 2020 | Volume 11 | Article 537360

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Sambati et al. Cognitive Impairment in Multiple System Atrophy

FIGURE 1 | Rate of impairment of cognitive domains at baseline (TO) and follow-up (T1) evaluation.

These patients did not differ in demographic, clinical, and
neuropsychological variables from those who did not undergo
neuropsychological evaluation at follow-up (n= 40).

Single-subject analysis showed that eight patients remained
without CI both at T0 and at T1; seven had a stable CI,
while five progressed at T1 (Figure 2). The three groups had
similar demographic and clinical characteristics. In contrast,
at the baseline evaluation, patients who progressed performed
significantly worse on global functioning (FR BMDB, p < 0.001,
and MMSE, p < 0.002); verbal memory, both short (p < 0.001)
and long term (p < 0.01); semantic fluency (p < 0.002); and
visuospatial functioning (p < 0.002) compared to cognitively
stable patients (both with and without CI). These differences
remained at the follow-up evaluation (Table 3). At T1, the main
domains of worsening were attention and executive functions
and, to a lesser extent, memory and visuospatial functions. Three
patients developed dementia. Affective ratings did not differ
between the three groups and between baseline and follow-
up observations.

DISCUSSION

Our study describes the cognitive profile and its evolution
in a large cohort of patients with MSA, as assessed through
a comprehensive neuropsychological battery and observed
at the long disease duration and for the long follow-
up period. We reported the frequency and profile of CI
according to the clinical criteria for dementia and CI in
our cohort of patients with MSA. Furthermore, patients with

MSA included in this study were frequently evaluated (at
least once a year) during the course of the disease with
a comprehensive neurological examination. More than one
third (38%) of our patients were without CI at baseline
neuropsychological evaluation, while among 37 patients with
CI (62%), 13 patients (35%) showed abnormal results in
one cognitive domain and 24 (65%) in more than one
cognitive domain.

A few previous studies (11, 36), including a more recent
retrospective multicenter study (37), showed a higher prevalence
of patients impaired in a single cognitive domain and a
decreasing frequency of impairment when the number of
domains increased. Studies of pathologically proven patients
with MSA reported a mild to moderate CI, assessed through
bedside evaluation in 22 and 2% of patients, respectively (38),
and a frequency of impairment from 25 to 39% according to a
physician’s observation or patient or caregiver complaints (38,
39). This variable frequency could be explained by the different
criteria and tests used, as suggested in a recent systematic
review (5).

Regarding the impairment of specific functions, in our cohort,
three quarters (76%) of the patients were selectively impaired
in attention or executive functioning. In the remaining patients,
cognitive deficit was associated with abnormal memory and/or
visuospatial functioning. These findings are consistent with
several previous studies (11, 12, 36, 40), including the only
study that reported the frequency of impairment in each specific
cognitive domain in pathologically proven patients with MSA
(38). Other studies evaluated only one to three domains (6, 41–
44) or reported the overall performance on tests or group scores
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TABLE 2 | Clinical characteristics of patients.

Patients without

cognitive

impairment

(n = 23)

Patients with

cognitive

impairment

(n = 37*)

p

Age at onset (years) 55.91 ± 7.92 58.54 ± 10.02 0.62

Disease duration

(months)

56.54 ± 38.32 62.01 ± 36.03 0.73

Deceased patients 13 16 0.52

Phenotype MSA P/C 10/13 19/18 0.51

MSA-P Possible 3 2

MSA-P Probable 7 17

MSA-C Possible 1 4

MSA-C Probable 12 14

Parkinsonism 16 27 0.22

Cerebellar signs 17 28 0.96

Pyramidal signs 15 25 0.74

OH 17 27 0.26

Urinary disturbances 18 30 0.65

RBD 12# 23 0.26

OSAS 5 8 0.34

Stridor 6 9 0.58

Dysarthria 8 12 0.67

Disease severity 0.08

0 7 10

1 7 6

2 3 12

3 6 2

4 0 3

5 0 2

MSA, multiple system atrophy; P, parkinsonian type; C, cerebellar type; OH, orthostatic

hypotension; RBD, REM sleep behavior disorder; OSAS, obstructive sleep apnea

syndrome. 0–5: number of milestones of progression.

*The number includes patients with dementia (n= 6). #Two patients showed RSWA (REM

sleep without atonia) at video polysomnography.

without referring to the pattern of impairment of cognitive
functioning (45–48). Furthermore, some studies reported that
these scores were still within normal ranges compared to the
scores of control groups (8, 43).

Consistent with existing evidence (3, 37), the worst cognitive
profile, compatible with dementia, was observed in 16% (6/37)
of this cohort. In pathologically proven patients with MSA,
dementia, diagnosed based on bedside evaluation, was observed
only in one patient (0.5%) (49).

Our study also compared the demographic and clinical
variables, including both motor and non-motor domains,
in patients with and without CI. Consistent with a previous
study of patients with MSA with confirmed diagnosis (36),
we documented that education was significantly lower in
patients with CI and that patients with dementia were
older at disease onset compared to the other patients.
In contrast, other smaller studies did not document any
significant differences in these variables (3, 38, 44). Other
demographic and clinical variables were similar among
the groups.

Consistent with three previous studies (10, 36, 37), we
found no differences in cognitive profiles between MSA-P
and MSA-C patients. In contrast, Balas et al. found different
cognitive performances in patients with MSA-P and MSA-C
compared to controls (43). Similarly, Kawai et al. reported that
patients with MSA-P showed severe impairment in visuospatial
and constructional functions, verbal fluency, and executive
function compared to patients with MSA-C and controls
(44). Further, Chang et al. reported that patients with MSA-
C presented with a more pronounced executive and verbal
memory decline compared with patients with MSA-P (47).
These discrepancies may be related to differences in study
design, sample size, evaluation methods, and diagnostic criteria
of CI; confounding factors that can modify the cognitive
performance, in this disease mainly OH (48, 50); or treatment
effects. In our study, we did not evaluate the potential effect

FIGURE 2 | Cognitive performances of patients who performed both baseline (TO) and follow-up (T1) assessment. The figure shows that in MSA patients’ cognitive

impairment can be stable or worsen along the disease course. Hence the figure suggests that in order to characterize the cognitive profile and evaluate its possible

evolution toward dementia both the cross-sectional observation (TO) and follow-up assessment (T1) are necessary.
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TABLE 3 | Neuropsychological evaluation at follow-up.

Patients without

cognitive

impairment

(n = 8)

Cognitively

stable patients

(n = 7)

Patients with

cognitive

worsening

(n = 5)

Mean SD Mean SD Mean SD

MMSE*§ 29.00 1.54 27.34 2.12 24.76 3.39

BBDM*§ 2.77 0.58 1.92 0.82 0.36 1.37

RPM 33.76 1.54 30.07 6.54 22.05 1.06

RAVLT IR*§ 48.59 9.65 39.89 7.12 29.83 9.80

RAVLT DR*§ 10.56 2.10 8.54 4.13 4.91 1.45

IVM* 20.54 1.98 19.16 1.43 18.34 3.72

ReyC 34.16 2.42 27.09 8.94 4.28 3.15

ReyD 19.35 2.41 15.22 4.16 3.75 –

PWL 15.09 2.67 10.74 3.10 6.58 3.49

SpanVF 6.33 1.06 7.75 – 6.38 1.24

SpanVB 5.22 1.03 6 – 4.48 2.11

SpanC 6.04 0.28 5.54 1.25 3.88 1.59

Barrage* −0.46 0.61 0.57 0.97 2.51 2.31

StroopT* 14.72 6.98 17.34 5.28 47.28 35.11

TMT-A 46.50 17.10 49.50 0.87 98.17 83.29

VPF* 31.31 9.58 25.07 5.31 22.17 10.25

VSF*§ 47.00 5.39 37.57 3.82 27.40 6.80

SVAT* 19.00 1.07 17.91 1.76 13.60 4.05

TMT-B 62.17 36.55 88.50 16.04 187.67 149.15

TMT B-A 15.67 22.18 37.17 20.87 88.67 79.35

CD*§ 11.36 0.77 9.65 1.56 6.61 2.79

LO 27.50 1.87 24.00 6.56 14.00 2.83

BDI 9.87 4.99 19.83 12.31 7.33 7.02

STAI 49.43 11.35 54.60 10.69 53.50 7.77

MMSE, Mini-Mental State Examination; BMDB, Brief Mental Deterioration Battery; RPM,

Raven’s Progressive Matrices; RAVLT IR, Rey Auditory Verbal Learning Test, immediate

recall; RAVLT DR, Rey Auditory Verbal Learning Test, delayed recall; IVM, Immediate visual

memory; ReyC, Rey’s Figure Copy; ReyD, Rey’s complex figure delayed recall; PWL,

Paired word’s learning; SpanVF, Verbal Span Forward; SpanVB, Verbal Span Backward;

SpanC, Corsi’s Span; Barrage, Barrage test; TMT-A, Trial Making Test A; TMT-B, Trial

Making Test B; TMT B-A, Trial Making Test B-A; Stroop test T, Stroop Test, Time; Stroop

test E, Stroop Test, Error; SVAT, Simple Verbal Analogies Test; VPF, Verbal Phonemic

Fluency; VSF, Verbal Semantic Fluency; CD, Simple Copy Drawing; LO, Benton Line

Orientation; BDI, Beck Depression Inventory; STAI, State Trait Anxiety Inventory.

*The test included in the standard battery of cognitive evaluation used in our center.
§Significantly different results (p < 0.05). – SD is missing as only one patient performed

the test.

of the modification of cerebral autoregulation on cognitive
function (51).

Considering non-motor domains, only Brown et al. reported
that cardiovascular dysautonomia is an independent predictor
of CI in patients with MSA (36). However, genitourinary
dysautonomia did not predict CI. In contrast, our patients,
with and without CI, did not show differences in autonomic
dysfunction or sleep disturbances, associated with the presence
of motor and respiratory disorders during sleep.

Finally, we evaluated the progression of CI in patients with
MSA. At the follow-up evaluation, a quarter of the patients
had a clinically meaningful decline in cognitive performance.
At baseline evaluation, these patients performed worse in global

functioning; verbal memory, both short and long term; semantic
fluency; and visuospatial functioning compared to cognitively
stable patients. This suggests that patients who progress toward
dementia at baseline have a different cognitive profile compared
to cognitively stable patients. Furthermore, none of the patients
with preserved cognitive function at baseline developed cognitive
deficits during the follow-up period. To date, only a few
studies have evaluated the evolution of cognitive functioning
in patients with MSA and found a worsening of attention and
executive functioning.

CONCLUSIONS

In conclusion, our findings indicate that the cognitive profile
of patients with MSA can be characterized by normal cognitive
functioning even in the sixth year of the disease or by a
selective and stable impairment of attention and executive
functions that could be related to fronto-striatal-cerebellar
dysfunction. This finding supports the idea that a specific pattern
of CI is an integral part of MSA phenotype, which probably
reflects the direct consequence of both cortical and subcortical
atrophies and their associated cortical pathophysiological change
(3, 13, 40, 44, 52).

A less common MSA cognitive phenotype could be
characterized by a progressive attention–executive dysfunction
associated with memory and visuospatial impairment that
evolves over time into dementia. This phenotype can be related
to a multifactorial neuropathological process with involvement
of limbic regions in addition to the other classical regions due to
Lewy body spectrum pathology or rarely to advanced Alzheimer’s
disease neuropathology or hippocampal sclerosis (39, 53, 54).

Our results demonstrate that the detection of CI in patients
with suspected MSA does not exclude the diagnosis but suggests
the need for a comprehensive neuropsychological evaluation
aimed at characterizing the deficit (55). Furthermore, in the
advanced phases of the disease, cognitive abnormalities may
occur with the proper features of dementia and thus must be
readily recognized and framed.

In addition, cognitive deficits are not related to motor
disturbances and autonomic dysfunction.

The main strengths of our study are the large size of the
sample; the monocentric evaluation of patients; the annual
update of information at every follow-up visit, which allowed
the evaluation of the evolution of CI in patients with MSA;
and the comprehensive clinical and diagnostic examination.
Our results suggest a need for a specific neuropsychological
evaluation that takes into consideration the mnestic–linguistic–
praxic functions in addition to the commonly evaluated attentive
and executive functions. The assessment should be especially
suitable for advanced stages of the disease, as dysarthria and
akinesia may interfere with performance on neuropsychological
tests that involve a motor or timed task (55).

The main limitations of the study are its retrospective nature,
lack of assessment of activities of daily living, and the lack of
pathophysiological data (i.e., neuroimaging, neurophysiological,
and neuropathological data).

Frontiers in Neurology | www.frontiersin.org 7 November 2020 | Volume 11 | Article 537360

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Sambati et al. Cognitive Impairment in Multiple System Atrophy

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by AUSL Committee, number of approval 17093. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

LS: conceptualization, formal analysis, data maturation,
writing original draft, review, and editing. GC-B and IC:

conceptualization, formal analysis, writing original draft,
review, and editing. GG and MS: conceptualization, review, and
editing. FP: conceptualization. RP and FO: conceptualization

and data curation. PC: supervision, funding acquisition,
conceptualization, review, and editing. All authors contributed
to the article and approved the submitted version.

FUNDING

This study was supported by the RFO Alma Mater Studiorum-
University of Bologna.

ACKNOWLEDGMENTS

We acknowledge Professor E. Benarroch for valuable comments
on the manuscript.

REFERENCES

1. Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Trojanowski JQ,

et al. Second consensus statement on the diagnosis of multiple system atrophy.

Neurology. (2008) 71:670–6. doi: 10.1212/01.wnl.0000324625.00404.15

2. Kitayama M, Wada-Isoe K, Irizawa Y, Nakashima K. Assessment of dementia

in patients with multiple system atrophy. Eur J Neurol. (2009) 16:589–

94. doi: 10.1111/j.1468-1331.2009.02544.x

3. Kim HJ, Jeon BS, Kim YE, Kim JY, Kim YK, Sohn CH, et al. Clinical and

imaging characteristics of dementia in multiple system atrophy. Park Relat

Disord. (2013) 19:617–21. doi: 10.1016/j.parkreldis.2013.02.012

4. Barcelos LB, Saad F, Giacominelli C, Saba RA, de Carvalho Aguiar PM,

Silva SMA, et al. Neuropsychological and clinical heterogeneity of cognitive

impairment in patients with multiple system atrophy. Clin Neurol Neurosurg.

(2018) 164:121–6. doi: 10.1016/j.clineuro.2017.10.039

5. Stankovic I, Krismer F, Jesic A, Antonini A, Benke T, Brown RG, et al.

Cognitive impairment in multiple system atrophy: a position statement by the

neuropsychology task force of theMDSmultiple system atrophy (MODIMSA)

study group.Mov Disord. (2014) 29:857–67. doi: 10.1002/mds.25880

6. Pillon B, Gouider-Khouja N, Deweer B, Vidailhet M, Malapani C, Dubois B,

et al. Neuropsychological pattern of striatonigral degeneration: comparison

with Parkinson’s disease and progressive supranuclear palsy. J Neurol

Neurosurg Psychiatry. (1995) 58:174–9. doi: 10.1136/jnnp.58.2.174

7. Soliveri P, Monza D, Paridi D, Carella F, Genitrini S, Testa D,

et al. Neuropsychological follow up in patients with Parkinson’s

disease, striatonigral degeneration-type multisystem atrophy, and

progressive supranuclear palsy. J Neurol Neurosurg Psychiatry. (2000)

69:313–8. doi: 10.1136/jnnp.69.3.313

8. Bürk K, Daum I, Rüb U. Cognitive function in multiple system atrophy of the

cerebellar type.Mov Disord. (2006) 21:772–6. doi: 10.1002/mds.20802

9. Kao AW, Racine CA, Quitania LC, Kramer JH, Christine CW MB. Cognitive

and neuropsychiatric profile of the synucleinopathies: Parkinson disease,

dementia with Lewy bodies, andmultiple system atrophy.Alzheimer Dis Assoc

Disord. (2009) 23:365–70. doi: 10.1097/WAD.0b013e3181b5065d

10. Siri C, Duerr S, Canesi M, Delazer M, Esselink R, Bloem BR, et al. A cross-

sectional multicenter study of cognitive and behavioural features in multiple

system atrophy patients of the parkinsonian and cerebellar type. J Neural

Transm. (2013) 120:613–8. doi: 10.1007/s00702-013-0997-x

11. Lee JH, Jeong Y, Lee MS, Rinne JO, Lee SY, Song TJ, et al. Effects of

disease duration on the clinical features and brain glucose metabolism in

patients with mixed type multiple system atrophy. Brain. (2008) 131:438–

46. doi: 10.1093/brain/awm328

12. Stanzani-Maserati M, Gallassi R, Calandra-Buonaura G, Alessandria M,

Oppi F, Poda R, et al. Cognitive and sleep features of multiple system

atrophy: review and prospective study. Eur Neurol. (2014) 72:349–

59. doi: 10.1159/000364903

13. Fiorenzato E, Antonini A, Wenning G, Biundo R. Cognitive

impairment in multiple system atrophy. Mov Disord. (2017)

32:1338–9. doi: 10.1002/mds.27085

14. Santangelo G, Cuoco S, Picillo M, Erro R, Squillante M, Volpe

G, et al. Evolution of neuropsychological profile in motor

subtypes of multiple system atrophy. Park Relat Disord. (2020)

70:67–73. doi: 10.1016/j.parkreldis.2019.12.010

15. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders: DSM-IV. 4th ed. Washington, DC: American Psychiatric

Association. (1994). p. 866. Available online at: http://www.psychiatryonline.

com/DSMPDF/dsm-iv.pdf (accessed March 8, 2010).

16. Calandra-Buonaura G, Guaraldi P, Sambati L, Lopane G, Cecere A,

Barletta G, et al. Multiple system atrophy with prolonged survival:

is late onset of dysautonomia the clue? Neurol Sci. (2013) 34:1875–

8. doi: 10.1007/s10072-013-1470-1

17. Giannini G, Calandra-Buonaura G, Mastrolilli F, Righini M, Bacchi-

Reggiani ML, Cecere A, et al. Early stridor onset and stridor treatment

predict survival in 136 patients with MSA. Neurology. (2016) 87:1375–

83. doi: 10.1212/WNL.0000000000003156

18. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical

method for grading the cognitive state of patients for the clinician. J Psychiatr

Res. (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

19. Grigoletto F, Zappalà G, Massari D, Cavarzeran F, Lebowitz BD,

Crook TH, et al. The mini-mental state examination: normative

study of an Italian random sample. Dev Neuropsychol. (1993)

9:77–85. doi: 10.1080/87565649109540545

20. Giovagnoli AR, Del Pesce M, Mascheroni S, Simoncelli M, Laiacona M,

Capitani E. Trail making test: normative values from287 normal adult

controls. Ital J Neurol Sci. (1996) 17:305–9. doi: 10.1007/BF01997792

21. Caffarra P, Vezzadini G, Dieci F, Zonato F, Venneri A. Rey-Osterrieth complex

figure: normative values in an Italian population sample. Neurol Sci. (2002)

22:443–7. doi: 10.1007/s100720200003

22. Ferracuti S, Cannoni E, Sacco R HAC. Contributi per un Assessment

Neuropsicologico. Manuale Clinico. Florence: Giunti Organizzazioni

Speciali (2007).

23. Gallassi R, Lenzi P, Stracciari A, Lorusso S, Ciardulli C, Morreale

A, et al. Neuropsychological assessment of mental deterioration:

purpose of a brief battery and a probabilistic definition of

“normality” and “non-normality.” Acta Psychiatr Scand. (1986)

74:62–7. doi: 10.1111/j.1600-0447.1986.tb06228.x

24. Carlesimo GA, Caltagirone C, Gainotti G, Facida L, Gallassi R, Lorusso S,

et al. The mental deterioration battery: normative data, diagnostic reliability

Frontiers in Neurology | www.frontiersin.org 8 November 2020 | Volume 11 | Article 537360

https://doi.org/10.1212/01.wnl.0000324625.00404.15
https://doi.org/10.1111/j.1468-1331.2009.02544.x
https://doi.org/10.1016/j.parkreldis.2013.02.012
https://doi.org/10.1016/j.clineuro.2017.10.039
https://doi.org/10.1002/mds.25880
https://doi.org/10.1136/jnnp.58.2.174
https://doi.org/10.1136/jnnp.69.3.313
https://doi.org/10.1002/mds.20802
https://doi.org/10.1097/WAD.0b013e3181b5065d
https://doi.org/10.1007/s00702-013-0997-x
https://doi.org/10.1093/brain/awm328
https://doi.org/10.1159/000364903
https://doi.org/10.1002/mds.27085
https://doi.org/10.1016/j.parkreldis.2019.12.010
http://www.psychiatryonline.com/DSMPDF/dsm-iv.pdf
http://www.psychiatryonline.com/DSMPDF/dsm-iv.pdf
https://doi.org/10.1007/s10072-013-1470-1
https://doi.org/10.1212/WNL.0000000000003156
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1080/87565649109540545
https://doi.org/10.1007/BF01997792
https://doi.org/10.1007/s100720200003
https://doi.org/10.1111/j.1600-0447.1986.tb06228.x
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Sambati et al. Cognitive Impairment in Multiple System Atrophy

and qualitative analyses of cognitive impairment. Eur Neurol. (1996) 36:378–

84. doi: 10.1159/000117297

25. Caffarra P, Vezzadini G, Dieci F, Zonato F, Venneri A. A short version of the

stroop test: normative data in an Italian population sample — Italian Ministry

of Health. Riv Neurol. (2002) 12:111–5.

26. Novelli G, Papagno C, Capitani E, Laiacona M, Vallar G, Cappa F, et al. Tre

test clinici di ricerca e produzione lessicale. Taratura su Soggetti Normali.

(1988) 47:477–506.

27. Caffarra P, Gardini S, Dieci F, Copelli S, Maset L, Concari L, et al.

The qualitative scoring MMSE pentagon test (QSPT): a new method for

differentiating dementia with Lewy body from Alzheimer’s disease. Behav

Neurol. (2013) 27:213–20. doi: 10.1155/2013/728158

28. de Renzi E, Faglioni PRC. Prove di memoria verbale d’impiego clinico per la

diagnosi di amnesia in Archivio di Psicologia. Neurol Psichiatr. (1987) 3:303–

18.

29. Orsini A, Grossi D, Capitani E, Laiacona M, Papagno C, Vallar G. Verbal and

spatial immediate memory span: normative data from 1355 adults and 1112

children. Ital J Neurol Sci. (1987) 8:537–48. doi: 10.1007/BF02333660

30. Spinnler H. Standardizzazione e Taratura Italiana di test Neuropsicologici :

Gruppo Italiano per lo Studio Neuropsicologico Dell’invecchiamento. Milan:

Masson Italia Periodici. (1987).

31. Litvan I, Goldman JG, Tröster AI, Schmand BA, Weintraub D, Petersen

RC, et al. Diagnostic criteria for mild cognitive impairment in Parkinson’s

disease: movement disorder society task force guidelines. Mov Disord. (2012)

27:349–56. doi: 10.1002/mds.24893

32. Gallassi R, Sambati L, Stanzani Maserati M, Poda R, Oppi F, De

Matteis M, et al. Simple verbal analogies test: normative data on a

short task exploring abstract thinking. Aging Clin Exp Res. (2014) 26:67–

71. doi: 10.1007/s40520-013-0180-0

33. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An

inventory for measuring depression. Arch Gen Psychiatry. (1961)

4:561–71. doi: 10.1001/archpsyc.1961.01710120031004

34. Spielberger C, Sarason I, Strelau J, Brebner J. Stress and Anxiety. 1st ed.

New York, NY: Taylor and Francis. (2014). Available online at: https://www.

taylorfrancis.com/books/9781315800851

35. Monaco M, Costa A, Caltagirone C, Carlesimo GA. Forward and

backward span for verbal and visuo-spatial data: standardization and

normative data from an Italian adult population. Neurol Sci. (2013) 34:749–

54. doi: 10.1007/s10072-012-1130-x

36. Bensimon G, Ludolph A, Payan C, Dubois B, Lacomblez L,

Bak T, et al. Cognitive impairment in patients with multiple

system atrophy and progressive supranuclear palsy. Brain. (2010)

133:2382–93. doi: 10.1093/brain/awq158

37. Auzou N, Dujardin K, Biundo R, Foubert-Samier A, Barth C, Duval F, et al.

Diagnosing dementia in multiple system atrophy by applying movement

disorder society diagnostic criteria for Parkinson’s disease dementia. Park

Relat Disord. (2015) 21:1273–7. doi: 10.1016/j.parkreldis.2015.08.013

38. Koga S, Parks A, Uitti RJ, van Gerpen JA, Cheshire WP, Wszolek ZK, et al.

Profile of cognitive impairment and underlying pathology in multiple system

atrophy.Mov Disord. (2017) 32:405–13. doi: 10.1002/mds.26874

39. Homma T, Mochizuki Y, Komori T, Isozaki E. Frequent globular

neuronal cytoplasmic inclusions in the medial temporal region as a

possible characteristic feature in multiple system atrophy with dementia.

Neuropathology. (2016) 36:421–31. doi: 10.1111/neup.12289

40. Lee MJ, Shin JH, Seoung JK, Lee JH, Yoon U, Oh JH, et al. Cognitive

impairments associated with morphological changes in cortical and

subcortical structures in multiple system atrophy of the cerebellar type. Eur

J Neurol. (2016) 23:92–100. doi: 10.1111/ene.12796

41. Bak TH, Crawford LM, Hearn VC, Mathuranath PS, Hodges JR. Subcortical

dementia revisited: similarities and differences in cognitive function

between progressive supranuclear palsy (PSP), corticobasal degeneration

(CBD) and multiple system atrophy (MSA). Neurocase. (2005) 11:268–

73. doi: 10.1080/13554790590962997

42. Dujardin K, Defebvre L, Krystkowiak P, Degreef JF, Destee A. Executive

function differences in multiple system atrophy and Parkinson’s disease. Park

Relat Disord. (2003) 9:205–11. doi: 10.1016/S1353-8020(02)00050-0

43. Balas M, Balash Y, Giladi N, Gurevich T. Cognition in multiple system

atrophy: neuropsychological profile and interaction with mood. J Neural

Transm. (2010) 117:369–75. doi: 10.1007/s00702-009-0365-z

44. Kawai Y, Suenaga M, Takeda A, Ito M, Watanabe H, Tanaka F,

et al. Cognitive impairments in multiple system atrophy: MSA-C vs

MSA-P. Neurology. (2008) 70:1390–6. doi: 10.1212/01.wnl.0000310413.

04462.6a

45. Meco G, Gasparini M, Doricchi F. Attentional functions in multiple system

atrophy and Parkinson’s disease. J Neurol Neurosurg Psychiatry. (1996)

60:393–8. doi: 10.1136/jnnp.60.4.393

46. Girotti F, Radice D, Soliveri P, Fetoni V, Monza D, Caraceni T,

et al. Cognitive dysfunction and impaired organization of complex

motility in degenerative Parkinsonian syndromes. Arch Neurol. (2003)

55:372. doi: 10.1001/archneur.55.3.372

47. Chang CC, Chang YY, Chang WN, Lee YC, Wang YL, Lui CC,

et al. Cognitive deficits in multiple system atrophy correlate with

frontal atrophy and disease duration. Eur J Neurol. (2009) 16:1144–

50. doi: 10.1111/j.1468-1331.2009.02661.x

48. Poda R, Guaraldi P, Solieri L, Calandra-Buonaura G, Marano

G, Gallassi R, et al. Standing worsens cognitive functions in

patients with neurogenic orthostati hypotension. Neurol Sci. (2012)

33:469–73. doi: 10.1007/s10072-011-0746-6

49. Quinn NP, Wenning GK, Daniel SE, ben Shlomo Y, Tison F. Multiple system

atrophy: a review of 203 pathologically proven cases. Mov Disord. (2005)

12:133–47. doi: 10.1002/mds.870120203

50. Sambati L, Calandra-Buonaura G, Poda R, Guaraldi P, Cortelli P. Orthostatic

hypotension and cognitive impairment: a dangerous association? Neurol Sci.

(2014) 35:951–7. doi: 10.1007/s10072-014-1686-8

51. Indelicato E, Fanciulli A, Poewe W, Antonini A, Pontieri

FE, Wenning GK. Cerebral autoregulation and white matter

lesions in Parkinson’s disease and multiple system atrophy. Park

Relat Disord. (2015) 21:1393–7. doi: 10.1016/j.parkreldis.2015.

10.018

52. Quinn NP, Leigh PN, James M, Marsden CD, Lees AJ, Owen AM, et al.

Cognitive deficits in progressive supranuclear palsy, Parkinson’s disease, and

multiple system atrophy in tests sensitive to frontal lobe dysfunction.

J Neurol Neurosurg Psychiatry. (2008) 57:79–88. doi: 10.1136/jnnp.

57.1.79

53. Revesz T, Ahmed Z, Ling H, Holton JL, Lees AJ, Asi YT. Neuropathological

features of multiple system atrophy with cognitive impairment. Mov Disord.

(2014) 29:884–8. doi: 10.1002/mds.25887

54. Dickson DW, Wszolek ZK, Koga S, Aoki N, Langston JW, Uitti RJ, et al.

When DLB, PD, and PSP masquerade as MSA. Neurology. (2015) 85:404–

12. doi: 10.1212/WNL.0000000000001807

55. Lee W, Williams DR, Storey E. Cognitive testing in the

diagnosis of Parkinsonian disorders: a critical appraisal of the

literature. Mov Disord. (2012) 27:1243–54. doi: 10.1002/mds.

25113

Conflict of Interest: FP received honoraria for speaking engagements or

consulting activities from Sanofi, Bial, Fidia, and Vanda Pharmaceutical. PC

received honoraria for speaking engagements or consulting activities from

Allergan Italia, AbbVie srl, Chiesi Farmaceutici, Eli Lilly, Novartis, Teva, UCB

Pharma S.p.A, and Zambon.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Sambati, Calandra-Buonaura, Giannini, Cani, Provini, Poda,

Oppi, Stanzani Maserati and Cortelli. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 9 November 2020 | Volume 11 | Article 537360

https://doi.org/10.1159/000117297
https://doi.org/10.1155/2013/728158
https://doi.org/10.1007/BF02333660
https://doi.org/10.1002/mds.24893
https://doi.org/10.1007/s40520-013-0180-0
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://www.taylorfrancis.com/books/9781315800851
https://www.taylorfrancis.com/books/9781315800851
https://doi.org/10.1007/s10072-012-1130-x
https://doi.org/10.1093/brain/awq158
https://doi.org/10.1016/j.parkreldis.2015.08.013
https://doi.org/10.1002/mds.26874
https://doi.org/10.1111/neup.12289
https://doi.org/10.1111/ene.12796
https://doi.org/10.1080/13554790590962997
https://doi.org/10.1016/S1353-8020(02)00050-0
https://doi.org/10.1007/s00702-009-0365-z
https://doi.org/10.1212/01.wnl.0000310413.04462.6a
https://doi.org/10.1136/jnnp.60.4.393
https://doi.org/10.1001/archneur.55.3.372
https://doi.org/10.1111/j.1468-1331.2009.02661.x
https://doi.org/10.1007/s10072-011-0746-6
https://doi.org/10.1002/mds.870120203
https://doi.org/10.1007/s10072-014-1686-8
https://doi.org/10.1016/j.parkreldis.2015.10.018
https://doi.org/10.1136/jnnp.57.1.79
https://doi.org/10.1002/mds.25887
https://doi.org/10.1212/WNL.0000000000001807
https://doi.org/10.1002/mds.25113
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Cognitive Profile and Its Evolution in a Cohort of Multiple System Atrophy Patients
	Introduction
	Materials and Methods
	Patient Selection
	Clinical Features and Instrumental Investigation
	Neuropsychological Assessment
	Standard Protocol Approval, Registration, and Patient Consent

	Statistical Analysis
	Results
	Clinical, Neuropsychological, and Behavioral Baseline Evaluation
	Neuropsychological and Behavioral Follow-Up Evaluation

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


