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Abstract

Background Parkinsonian syndromes are characterized by a wide spectrum of non-motor symptoms. A few studies explored
cognitive deficits and neuropsychiatric symptoms in atypical parkinsonism compared to Parkinson’s disease (PD). The study
was performed to identify cognitive and neuropsychiatric differences between PD, multiple system atrophy (MSA) and pro-
gressive supranuclear palsy (PSP) and to evaluate the influence of clinical features, depressive symptomatology and apathy
on cognitive performances in the three groups.

Methods Fifty-five PD, 44 MSA and 42 PSP patients underwent cognitive tests assessing attention, language, memory,
visuospatial and executive functions as well as scales assessing depression and apathy. Out of these patients, 20 PD, 20 MSA
and 20 PSP patients were selected to be matched for age, education and global cognitive status. Within each whole patients
group, correlational analysis was performed between clinical, behavioural and cognitive parameters.

Results The main difference among the groups matched was on cognitive tests exploring verbal learning, executive and
linguistic functions. The PSP group was more impaired than the PD and MSA groups on cognitive tests assessing execu-
tive functions. On the other hand, MSA group obtained similar cognitive performance to the PD group. As to behavioural
symptoms, in whole PSP and MSA groups, apathy and depression were more severe than in PD group, while apathy (but
not depression) were more severe in the PSP group as compared to the MSA group.

Conclusions The present study underlined the pervasiveness of cognitive deficits, apathy and depressive symptoms in PSP,
whereas little cognitive differences were found between PD and MSA. The findings indirectly supported a dysfunction of
prefronto-subcortical circuitries (i.e., dorsolateral prefrontal and limbic circuits) in PSP and PD. Cognitive similarities
between MSA and PD reinforced the pivotal role of altered basal ganglia and corresponding frontal deafferentation in the
occurrence of the cognitive deficits.
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Introduction

Parkinsonian syndromes include Parkinson’s disease (PD)
as well as atypical parkinsonism such as multiple system
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between either MSA or PSP and either PD or healthy sub-
jects, with very few studies examining similarities and dif-
ferences in cognitive functions by a simultaneous compari-
son of PD, MSA and PSP subjects [3—6]. In addition, the
examination of language and memory abilities has been
largely neglected in favour of the assessment of executive
and visuospatial functions [7—10]. Robbins et al. [10] found
impaired executive functions in subjects with Parkinsonism
compared with a control group but did not analyse in detail
the differences between each group of Parkinsonian subjects.
Monza et al. [9] compared small groups of PSP, MSA and
PD patients matched for demographic and disease-related
variables (although with longer disease duration for PD) and
showed ideomotor apraxia, frontal and visuospatial dysfunc-
tions in PSP patients compared to MSA and PD patients. As
a drawback, this study lacked of assessments for attention
and language domains. Other studies found significant dif-
ferences comparing PD, MSA and PSP patients on frontal
and verbal fluency tasks [7, 8]. These studies were limited
by the sample size and the lack of assessments for other
cognitive domains besides executive functions.

Neurobehavioural disturbances represent frequent non-
motor complains in Parkinsonian syndromes. While an
extensive amount of the literature is available for PD, little
is known about clinical correlates and nature of the psycho-
pathology (particularly depression and apathy) in atypical
Parkinsonism compared to PD [11, 12].

Aims of the present study were to identify differences
and similarities in cognitive and neuropsychiatric symptoms
of PD and atypical Parkinsonism (i.e., MSA and PSP) and
to investigate the possible influence of clinical parameters,
depressive symptomatology and apathy on cognitive perfor-
mances in each of the three patient groups. A better char-
acterization of the behavioural abnormalities and/or cog-
nitive deficits in distinct types of Parkinsonian syndromes
can potentially improve the clinical care and management of
these patients. Moreover, better neuropsychological profiling
in Parkinsonian syndromes might help to provide a basis on
which to plan any cognitive remediation interventions.

Methods
Participants

In the present study, we enrolled consecutive outpatients
with clinically probable diagnosis of idiopathic PD, MSA,
and PSP according to published clinical criteria (for PD
[13]; for MSA [14]; for PSP: [15]). All the participants
were recruited at our Center for Neurodegenerative Dis-
eases. We excluded patients affected by (1) radiological
structural brain abnormalities not compatible with a diag-
nosis of a neurodegenerative syndrome, (2) a history of

alcohol or substance abuse, (3) previous head trauma with
loss of consciousness, with significant neurological or
psychiatric comorbidities that might confound the results
(4) any diseases causing significant physical disabilities
impacting a neuropsychological assessment.

Participants gave their written informed consent to the
study which was approved by the appropriate ethics com-
mittee and therefore was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

Material and procedures

Demographic aspects, disease duration, levodopa equiv-
alent daily dose (LEDD; [16]), functional autonomy in
activity of daily living (ADL [17]) and instrumental ADL
(IADL [18]), were collected; severity of motor symptoms
was evaluated by Unified Parkinson’s Disease Rating Scale
part III (UPDRS-III [19]) for PD group, by Unified Mul-
tiple System Atrophy Rating Scale (UMSARS [20]) for
MSA group, and by Progressive Supranuclear Palsy Rating
Scale (PSP-RS [21]) for PSP group.

Neuropsychological assessment

Cognition All participants underwent the Italian version
of the Montreal Cognitive Assessment (MoCA [22]) and
standardized neuropsychological tasks for assessment of
several frontal/executive functions (by Trail Making Test-B
and B-A, TMT, [23] to evaluate set shifting; phonological
fluency test [24] to evaluate cognitive flexibility; interfer-
ence task of Stroop Color-Word Test, Stroop [25] to evaluate
inhibitory control; Clock Drawing Test, CDT [26]; immedi-
ate and delayed copying tests of Rey—Osterrieth complex
figure test [27] to evaluate spatial organization and plan-
ning); memory (verbal long-term memory by immediate
and delayed recall of the Rey’s auditory 15-word learning
test, RAVLT [24]); language (Semantic fluency task [28];
auditory and visual comprehension of single word tasks,
and words, non-words and sentence repetition tasks [29]);
visuospatial perceptual and constructional functions (by
Benton Judgment of Lines Orientation Task, BJLOT [30],
and Constructional Apraxia Task, CAT [31]).

Neuropsychiatric assessment To assess depressive symp-
tomatology and apathy, all patients completed the Italian
version of the Beck Depression Inventory-II (BDI-II [32])
and Apathy Evaluation Scale (AES), validated in Parkin-
sonian syndromes [33].
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Statistical analysis

An a priori power analysis was performed with G¥Power
3.1 by setting the following parameters: probability level
(a) of 0.05, statistical power (1 — b) of 0.80, large effect size
Cohen’s f of 0.40 for the Kruskal-Wallis test, and rho of 0.5
for Spearman’s correlation analysis. According to Pitman
[34], the sample size required for a nonparametric test is
determined by multiplying the sample size calculated for the
equivalent parametric test by a correction factor.

Differences in the distribution of categorical variables
among groups were assessed by means of Chi square. Group
comparisons on demographic, clinical, cognitive and behav-
ioural variables were performed by nonparametric tests
(Kruskal-Wallis H test to compare three samples, and the
Mann—Whitney U test to compare two samples) to avoid
biases due to the small sample size. To avoid type-II errors
we used a conservative statistical approach by applying Bon-
ferroni’s correction (p =0.0026).

The correlations between neuropsychological perfor-
mances (raw scores) and clinical parameters, depressive
symptoms and apathy in each patient group were performed
by Spearman’s rank-order correlation. The significance level
was set at pre-specified threshold (p <0.010). Analyses were
performed with SPSS version 21 (SPSS Inc. Chicago, IL,
USA).

Results

Fifty-five (16 females) PD, 44 (22 females) MSA patients
and 42 (17 females) PSP patients were enrolled; these groups
differed on age and education but not gender (y*=4.546,
p=0.103): PSP was the oldest while MSA was the youngest
group. As for educational level, PD patients had higher edu-
cational level than PSP patients (Table 1). All PD patients
were on levodopa reporting a significant improvement in
motor symptoms. Sixteen/42 PSP and 10/44 MSA patients

were not taking levodopa preparations. Functional auton-
omy was greater in PD compared with PSP and MSA; the
PSP group showed the worst functional autonomy score.
The mean UPDRS-III score for PD group was 14.6 +£9.5;
the mean PSP-RS score for PSP group was 40.9 +17.9; the
mean UMSARS-I, IT and IV score for MSA group were
22+8.9,23.2+0.9; 2.7+0.9. Finally, the H test showed
significant differences among the three groups on total
MoCA (Table 1). The descriptive of demographic, clinical
and neuropsychological parameters of each patients group
is reported in Supplementary Material 1.

Since PD, PSP and MSA patients showed significant dif-
ferences on age, education and MoCA, we selected eligible
cases by scrutiny of these abovementioned parameters to
control for the potential bias. Moreover, since the a priori
power analysis revealed that at least 60 individuals (20 indi-
viduals for each group) for the Kruskal-Wallis test were
needed to attain a large effect size at a statistical power of
0.80 and an alpha level of 0.05, we selected 20 patients
for each group who were matched as closely as possible
between them for demographic features and global cognitive
functioning. The three groups of PSP patients, PD patients
and MSA patients were compared on cognitive and neu-
ropsychiatric scores.

Neuropsychological assessment
Cognition

The results showed that the three groups matched for age,
education and MoCA score had significantly different
performance on immediate RAVLT, phonological flu-
ency tests, immediate copy of ROCF, TMT-B, TMT:B-A,
time to complete the Stroop test (Table 2). In particular,
PSP patients had lower score on all cognitive tests than
PD and had poorer performance on Stroop test and TMT
than MSA; finally PD patients obtained similar cogni-
tive performance to MSA patients. The percentage of the

Table 1 Demographic,

o . Parameters PD (n=55) MSA (n=44) PSP (n=42) Kruskal-Wal- P

clinical, neuropsychological lis test

comparisons between atypical

Parkinsonism and Parkinson’s Age 66.1+9.7 61.1+8.3 712457 28.043 <0.001

disease Education 11.4+4.7 10.5+4.7 8.5+£4.7 9.356 0.009
Disease duration 5.2+3.6 5.6+3.1 4.7+29 2.622 0.270
ADL 53+12 4+2.1 29+19 34.663 <0.001
IADL 57+2.1 41+22 3+24 27.948 <0.001
MoCA total score 22.1+3.7* 21.04+4 17.8+5.1 14.516 0.001

Statistically significant differences are indicated in bold

PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; ADL, activi-
ties of daily living; IADL, instrumental activities of daily living; MoCA, Montreal Cognitive Assessment

*Significant difference between PSP and PD
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Table 2 Demographic, clinical, neuropsychological comparisons between Atypical Parkinsonism and Parkinson’s Disease (matched for age,
education, global cognitive functioning)

Parameters PD (n=20) MSA (n=20) PSP (n=20) Kruskal-Wal- P

lis test
Age 68.3+3.7 659+59 67.4+4.1 1.626 0.444
Education 11.3+4.6 10.4+5.4 9.1+45 2.701 0.259
Disease duration 52+36 5.6+3.1 47+29 1.087 0.581
ADL 53+1.2% 4+2.1 29+19 14.699 0.001
IADL 57+2.1 41+22 3+24 3.233 0.199
MoCA total score 222+1.6 20.5+3.5 20.1+3.6 3.379 0.185
Memory domain
RAVLT-immediate recall 32.1+10.2% 32.6+139 22.4+6.1 13.372 0.001
RAVLT-delayed recall 6.8+3.2 6.6+3.2 42+1.7 11.530 0.003
RAVLT-recognition 12.8+2.4 12.3+3.8 123+2.6 0.812 0.666
Visuospatial functions
CAT 11.1+£1.2% 10.8+1.9 9.1+1.7 11.909 0.003
BJLOT 19.2+6.5 15.8+8.8 13.3+6.2 5.632 0.060
Executive functions
Phon-fluency test 29.4+12.2% 194+11.4 11.7+7.7 19.616 <0.001
CDT 9.1+1.38 8.4+2 7.7+24 4335 0.114
ROCF-immediate copy 29.9+6.9% 27.6+6.1 19.5+10.1 13.042 0.001
ROCF-delayed copy 13.5+5.5 12.8+6.1 11.4+5.7 2.089 0.352
TMT:B 162.5+81.1* 199.2 +100.4# 406.8+239.3 18.793 <0.001
TMT:B-A 97.4+69.4% 121.5+77.8# 258.7+138.3 18.117 <0.001
Stroop time 31.6+41.5% 21.4+20.8# 47.4+244 12.267 0.002
Stroop errors 32+6.7 11.4+12.1 7.6+9.7 7.152 0.028
Language domain
Semantic fluency test 33.1+8.7* 27.4+10.1 20.2+10.5 15.192 0.001
ENPA-word repetition 9.1+12 83+2.1 8.6+1.4 1.558 0.459
ENPA-non word repetition 3.6+14 37+12 27+1.6 4.578 0.101
ENPA-sentences repetition 29+03 2.6+0.5 2.6+0.6 4.172 0.124
ENPA—auditory comprehension of single words 133+1 13.1+1.1 12.5+1.6 2.525 0.283
ENPA—visual comprehension of single words 13.5+0.8 12.3+19 12+2.1 6.618 0.037
Behavioural domain
BDI-II 8.5+6.6%° 15.3+8.1 18.7+11.4 51.985 <0.001
AES 31.9+7.1%° 35.1+8# 45.1+13.3 17.878 <0.001

Statistically significant differences are indicated in bold

PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; ADL, activities of daily living; IADL, instru-
mental activities of daily living; MoCA, Montreal Cognitive Assessment; RAVLT, Rey’s auditory 15-word learning test; BSRT, Babcock Story
Recall Test; CAT, constructional apraxia task; BJLOT, Benton Judgment of Lines Orientation Task; Phon-Fluency, phonological fluency; CDT,
Clock Drawing Test; ROCF, Rey—Osterrieth Complex Figure Test; TMT, Trail Making Test; ENPA, Esame Neuropsicologico per I’Afasia; BDI-
11, Beck Depression Inventory-II; AES, Apathy Evaluation Scale

*Significant difference between PSP and PD
#Significant difference between PSP and MSA
°Significant difference between MSA and PD

patients with pathological performance with respect to  planning was the most damaged executive function. In PSP
Italian normative data within each group and between  group, both spatial planning and set shifting were the most
groups was reported in Table 3. damaged executive functions (Fig. 2).

In the three groups, the linguistic and executive domains
were the most damaged cognitive domains (Fig. 1). Moreo-
ver, as for executive functions, in PD and MSA group spatial
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Table 3 Percentage of patients with impaired/normal cognitive per-
formance (according to Italian normative values) within each group;
percentage of patients with impaired performance (according to Ital-

ian normative values) between patients groups; percentage of patients
with below/above cut-off score on depression and apathy scales
within each group and between patients groups

Parameters PD MSA PSP F P

Memory domain

RAVLT-immediate recall
I/N performance within group (%) 30/70 35/65 65/35 4.906 0.027
Patients with impaired performance between groups (%) 23.1% 26.9% 50%

RAVLT-delayed recall
I/N performance within group (%) 20/80 25175 20/80 0.193 0.908
Patients with impaired performance between groups (%) 30.8% 38.5% 30.8%

Visuospatial functions

CAT
I/N performance within group (%) 0/100 10/90 42.1/57.9 11.243 0.001
Patients with impaired performance between groups (%) 0% 20% 80%

BJLOT
I/N performance within group (%) 23.5/76.5 40/60 52.9/47.1 3.037 0.081
Patients with impaired performance between groups (%) 19% 38.1% 42.9%

Executive functions

Phon-fluency
I/N performance within group (%) 5/95 36.8/63.2 70/30 17.762 <0.001
Patients with impaired performance between groups (%) 4.5% 31.8% 63.6%

CDT
I/N performance within group (%) 6.7/93.3 7.7/92.3 22.2/71.8 1.789 0.181
Patients with impaired performance between groups (%) 16.7% 16.7% 66.7%

ROCF-immediate copy
I/N performance within group (%) 25/75 55/45 72.2/27.8 8.395 0.004
Patients with impaired performance between groups (%) 17.2% 37.9% 44.8%

ROCF-delayed copy
I/N performance within group (%) 20/80 10/90 11.1/88.9 0.648 0.421
Patients with impaired performance between groups (%) 50% 25% 25%

TMT:B
I/N performance within group (%) 5.3/94.7 10/90 47.4/52.6 10.087 0.001
Patients with impaired performance between groups (%) 8.3% 16.7% 75%

TMT:B-A
I/N performance within group (%) 10.5/89.5 10/90 47.4/52.6 7.287 0.007
Patients with impaired performance between groups (%) 15.4% 15.4% 69.2%

Stroop time
I/N performance within group (%) 5/95 15/85 50/50 10.634 0.001
Patients with impaired performance between groups (%) 7.7% 23.1% 69.2%

Stroop errors
I/N performance within group (%) 15/85 45/55 38.9/61.1 4.531 0.104
Patients with impaired performance between groups (%) 15.8% 47.4% 36.8%

Language domain

Semantic fluency test
I/N performance within group (%) 10/90 21.1/78.9 60/40 11.592 0.001
Patients with impaired performance between groups (%) 11.1% 22.2% 66.7%

ENPA-word repetition
I/N performance within group (%) 26.3/73.7 35/65 37.5/62.5 0.503 0.478
Patients with impaired performance between groups (%) 27.8% 38.9% 33.3%

ENPA non-word repetition
I/N performance within group (%) 5.3/94.7 5/95 25/75 3.210 0.073
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Table 3 (continued)

Parameters PD MSA PSP F P
Patients with impaired performance between groups (%) 16.7% 16.7% 66.7%

ENPA-sentence repetition
I/N performance within group (%) 10.5/89.5 35/65 37.5/62.5 3.299 0.069
Patients with impaired performance between groups (%) 13.3% 46.7% 40%

ENPA—auditory comprehension of single words task
I/N performance within group (%) 0/100 10.5/89.5 17.6/82.4 3.348 0.067
Patients with impaired performance between groups (%) 0% 40% 60%

ENPA—visual comprehension of single word task
I/N performance within group (%) 7.7/92.3 20/80 38.9/61.1 3.978 0.046
Patients with impaired performance between groups (%) 10% 20% 70%

Behavioural domain

BDI-II
Percentage of patients with score below/above cut-off within group 0/100 52.6/47.4 52.9/47.1 10.760 0.001
Depressed patients between groups 0% 52.6% 52.9%

AES
Percentage of patients with score below/above cut-off within group 11.8/88.2 50/50 80/20 16.742 <0.001
Apathetic patients between groups 7.1% 35.7% 57.1%

PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; ADL, activities of daily living; IADL, instru-
mental activities of daily living; MoCA, Montreal Cognitive Assessment; RAVLT, Rey’s auditory 15-word learning test; BSRT, Babcock Story
Recall Test; CAT, Constructional Apraxia Task; BJLOT, Benton Judgment of Lines Orientation Task; Phon-Fluency, Phonological Fluency;
CDT, clock drawing test; ROCF, Rey—Osterrieth Complex Figure Test; TMT, Trail Making Test; ENPA, Esame Neuropsicologico per I’Afasia;
BDI-II, Beck Depression Inventory-1I; AES, Apathy Evaluation Scale; I, impaired; N, normal

Neuropsychiatric assessment

The three groups had significantly different scores on AES
and BDI (Table 2). PD patients had lower scores than MSA
and PSP patients on depression and apathy scales; MSA
patients were less apathetic than PSP patients. Taking
into account screening cut-off values of BDI-II and AES,
we found that the proportion of depressed MSA patients
was higher than that of depressed PSP and PD patients,
whereas the proportion of apathetic patients was higher in
PSP groups than that in MSA and PD patients. In Fig. 3,
pie charts report the percentage of patients with pure apa-
thy, patients with pure depression, patients with apathy
and depression, patients without apathy and depression for
MSA, PSP and PD groups. We found that the percentage of
patients with “pure apathy” was higher in PSP group than
in MSA and PD groups, and the percentage of patients with
co-occurrence of apathy and depression was similar in PSP
and MSA groups.

Correlational results within whole PSP, MSA and PD groups

The a priori power analysis revealed that at least 29 partici-
pants for the Spearman’s correlation analysis were needed to
attain a large effect size at a statistical power of 0.80 and an
alpha level of 0.05. Therefore, on the basis of power-analysis
results, we performed correlational analysis on each whole

patients group (PD group =55 patients; MSA group=44
patients; PSP group =42 patients).

Correlational results between clinical aspects and cogni-
tive parameters Whereas in PD and MSA group clinical
parameters did not correlate with any cognitive scores, in
PSP group, PSP-RS tended to correlate with semantic flu-
ency (tho = — 0.509, p=0.013) score.

Correlational results between clinical aspects and neuropsy-
chiatric parameters In PD group, clinical parameters did
not correlate with any behavioural scores. In MSA group,
we found a significant correlation of UMSARS-I with
BDI-II (tho=0.491, p=0.008) and ADL (rho = —0.664,
p<0.001), and also a significant correlation of part Il and IV
of UMSARS-II with ADL scores (tho = — 0.571, p=0.001;
rho = — 0.522, p=0.004). In PSP group, PSP-RS score cor-
related with AES (rho=0.599, p=0.003), ADL (tho = —
0.616, p=0.002), and IADL (tho = — 0.644, p=0.001).

Correlational results between behavioural and cognitive
parameters in each patient group In PD group, AES score
significantly correlate with score on phonological flu-
ency task (tho = —0.371, p=0.008) and number of errors
in Stroop test (tho=0.412, p=0.004), but not with any
remaining cognitive score. BDI-II did not correlate with any
cognitive scores.
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Fig. 1 Pie charts represent the
percentage of impaired cogni-
tive domains for MSA, PSP and
PD groups

PD group

PSP group

MSA group

In MSA group, BDI-II score correlated with ADL (rho
= —0.477, p=0.002) and IADL (rho = —0.445, p =0.004)
but not with any remaining cognitive score. AES score cor-
related with poorer score on phonological fluency task (rho
= —0.420, p=0.007).

In PSP group, AES score correlated with score on ADL
(rho = —0.491, p=0.002), IADL (rho = —0.623, p<0.001),
phonological fluency test (tho = —0.563, p <0.001) and
immediate copy of ROCF (rho = —0.523, p=0.002),
whereas BDI-II score did not correlate with any cognitive
scores.

Discussion

The present study systematically compared samples of
patients with PD, MSA and PSP on a very comprehensive
neuropsychological battery to identify cognitive or behav-
ioural differences among Parkinsonian disorders. Since
there were significant differences in demographic vari-
ables and global cognitive status among the three groups,
we performed a comparison on cognitive domain scores

@ Springer

achieved by three subgroups of MSA, PD, PSP matched
for demographic features and global cognitive function-
ing (i.e., MoCA score) to control for these potential bias.
This procedure revealed significant differences among the
three groups on cognitive tests exploring executive func-
tions (i.e., phonological fluency test, TMT-B, and Stroop
test) and linguistic functions. The group of patients with PSP
was more impaired than the PD and MSA groups on cogni-
tive tests assessing executive functions. On the other hand,
the group of patients with MSA obtained similar cognitive
performance to the PD group. As to behavioural symptoms,
the prevalence of pure apathy (i.e., without co-occurrence
of dementia and depression) was higher in patients with PSP
(45%) than in patients with MSA (15%) or PD (10%). In the
PSP group, apathy and depression were more severe than in
the PD group, while apathy (but not depression) were more
severe in the PSP group as compared to the MSA group. In
patients with PD, symptoms of depression and apathy were
less severe than in the MSA group.

Our results that PSP patients are more impaired than PD
and MSA patients in some specific executive functions such
as cognitive flexibility, set shifting and inhibitory control
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Fig.2 Pie charts report the
percentage of impaired specific
executive functions for MSA,
PSP and PD groups

PD group
inhibitory
control
7%

indicated a marked dysexecutive syndrome in PSP patients
when compared to PD or MSA patients, consistently with
previous studies [8—10]. In particular, in PSP, both spatial
planning and set shifting were the most damaged executive
functions. Since poor performances on both spatial planning
and set shifting tests have been reported as a consequence
of a damage of prefrontal cortex in neurodegenerative dis-
eases, our findings support the notion that a consistent group
of PSP presents prominent frontal deficits [35]. As a new
observation, although the cognitive differences between PD
and MSA were statistically not significant, we found that
even MSA patients revealed a more marked impairment in
executive functions when compared to PD patients support-
ing the idea frontal-executive dysfunction is an integral part
of the disease and the most common presentation in MSA
[36]. In particular, in MSA group, spatial planning was the
most damaged executive function. This result indicates that
deficit of spatial planning is a prominent executive dysfunc-
tion in MSA, affecting up to 50% of patients. Taken together,
these results indicated that marked frontal cognitive impair-
ment is associated mainly with atypical Parkinsonism and

spatial
planning

MSA group

cognitive

flexibility

6%

spatial
planning
50%

PSP group

spatial
planning
32%

might reflect a prominent subcortical-frontal connection
dysfunction [37]. Moreover, the more marked dysexecutive
syndrome in PSP patients compared to MSA and PD ones
may result from the deafferentation of the prefrontal and
premotor areas due to alteration of striato-thalamo-cortical
pathway [38].

As regards to memory domain, we found no significant
differences between PD and atypical Parkinsonism on tasks
assessing long-term memory, a cognitive function medi-
ated mainly by the hippocampus. Although the volume of
hippocampus has been found to be more reduced in atypi-
cal Parkinsonism compared to PD [39] the absence of a
significant difference on long-term memory tests among
the patient groups might suggest that long-term memory
is equally impaired among PD, MSA and PSP and thus
dysfunction in long-term memory does not allow to distin-
guish several types of basal ganglia pathologies. However,
we observed that PSP patients showed poorer performance
than PD ones only on verbal learning. To interpret these
finding, we should keep in mind that the performance on
this cognitive task may be negatively influenced by lapses of
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Fig. 3 Pie charts report the
percentage of patients with
pure apathy, patients with pure depression
depression, patients with apathy 0%
and depression, patients without
apathy and depression for MSA,
PSP and PD groups

PD group

attention and working memory which are aspects of a severe
dysexecutive syndrome associated with reduced volume of
frontal-subcortical gray matter in PSP [40]. Therefore, the
difficulties in verbal learning and recall observed in our PSP
patients might be due to lapses of attention, deficits in work-
ing memory, inability to initiate and maintain a strategic
search of stored information. This inability could be related
to dysfunctional organizational and temporal aspects of
encoding and retrieval mediated by frontal cortex rather than
to a loss of stored information. In support of this idea, no
difference among the patient groups was found on delayed
recall and recognition tests, which assess long-term memory.

As for linguistic abilities, although the differences among
the groups on the repetition and comprehension tasks did
not reach the statistical significance, PSP obtained lower
scores than MSA and PD. However, we found a significant
difference among groups on semantic fluency task where
the atypical Parkinsonism (i.e., PSP) was characterized by
more severe impairments when compared to PD. The poor
performances on semantic fluency task might be the conse-
quence of speech disorders, such as dysarthria, which are
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10%

Depression +
apathy
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common clinical features of atypical Parkinsonism [41].
Previous evidence of selective impairments of action-verb
naming and comprehension in PSP lent to hypothesizing
that such linguistic deficits could be due to semantic deficits
affecting the conceptual category of actions and could reflect
dysfunctions of neural systems in posterior frontal corti-
cal areas critical for processing the conceptual category of
actions [42]. Therefore, since we employed comprehensive
tests consisting of complex sentences characterized mainly
by action verbs, our finding seems to support partially that
these deficits in PSP reflect a dysfunctional processing of
conceptual category of actions. As for PD patients, although
we found a low percentage of patients with impaired perfor-
mance on linguistic tasks according to Italian normative val-
ues (see Table 3), previous evidence demonstrated that PD
patients may show impaired performance on tasks assessing
naming of verbs [43] and that such impairment in naming
verbs may improve after deep brain stimulation of the sub-
thalamic nucleus [44].

As for the behavioural domain, apathy was more severe
in PSP than in MSA and PD, confirming the pervasiveness
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of apathy in PSP [11, 45]. Moreover, the prevalence of pure
apathy (i.e., without co-occurrence of dementia and depres-
sion) was higher in patients with PSP (45%) than in patients
with MSA (15%) or PD (10%). Co-occurrence of apathy
and depression was frequent in patients with MSA and PSP.

Correlational analysis, performed in each whole patients
group, showed a significant association between apathy and
poor performance on frontal tasks in both atypical Parkin-
sonism and PD patients supporting the frontal origin of apa-
thy [46, 47]. The results of relationship between apathy and
poorer scores on executive tests in PD group supported the
idea that apathy and executive dysfunctions are both epi-
phenomena of dysexecutive syndrome related to damaged
fronto-subcortical circuitries (see recent meta-analysis [48]
and Fig. 4).

Our finding that apathy score and not the depression score
significantly correlated with cognitive performance in PSP
and in PD evidenced that apathy rather than depression
negatively influences cognitive functions in basal ganglia
disorders [49] and that apathy and depression are two dis-
tinct syndromes [50]. Moreover, our findings support the
idea that apathy and cognitive dysfunction in PSP are the
consequence of degeneration in shared prefrontal areas or of
dysfunction of shared frontal-subcortical connections [51,
52] and are in line with recent studies showing that frontal
atrophy in volumetric MRI studies correlates with behav-
ioural changes in PSP [53]. Even in MSA, apathy rather
than depression was associated moderately with poorer
performance on phonological fluency tasks. The results

Fig. 4 Model of the relationship (A)
between apathy, depression and

different cognitive dysfunc-
tions in patients with MSA,

PD and PSP. The figure shows
that, despite the type of disease,
apathy but not depression was
related to executive dysfunc-

might suggest the idea that even in MSA apathy and cogni-
tive dysfunctions are non-motor symptoms induced by focal
lesions in the basal ganglia, particularly the caudate, which
is engaged in controlling affective aspects of behaviour and
is characterized by major neuronal loss in MSA [54].

Our finding that motor symptoms were associated with
depression in MSA [55] and apathy in PSP, respectively,
might suggest that neurodegenerative processes may pro-
gress in the two diseases impacting distinct subcortical and
cortical regions. Finally, we found a significant association
between the severity of motor symptoms and reduced func-
tional autonomy only in MSA and PSP [56] indicating that
motor symptoms drastically reduce patients’ autonomy in
atypical Parkinsonism rather than in PD.

The present study is characterized by some limitations.
First, we did not include healthy control subjects to verify
whether cognitive impairments were specific to Parkinsonian
syndromes; however, we identified subjects who achieved
pathological scores with respect to Italian normative data
and provided the percentage of subjects with pathological
scores within each patient group. A second limitation of
the study might be the unbalanced distribution of the num-
ber of cognitive tests in each cognitive domain; in particu-
lar, we used many cognitive tests to evaluate the executive
domain. However, it allowed us to investigate different types
of executive functions such as set shifting, inhibition, cogni-
tive flexibility, spatial organization and planning (for review
on executive functions: Diamond [57]). However, another
methodological limitation of the study might be the fact that

Impaired non-
executive
functions

(memory, language
and visuospatial

Apathy €

tions. In part A, the correla-
tional results of relationship
between apathy/depression and
cognitive domains were shown.
Gray line indicates no cor-
relation in MSA, PD and PSP
groups; black line indicates cor-
relation in MSA, PD and PSP (B)
groups; black broken line indi-
cates correlation in PD group or
in PSP group. In part B, apathy
and executive dysfunctions

are reported as connected with
dysexecutive syndrome and
considered as epiphenomena

of the dysexecutive syndromes
despite the type of disease

l Loss of motivation (apathy)

functions)
Spatial
Executive planning
dysfunctions
Inhibitory
control
Cognitive
flexibility

dysfunction of spatial planning,
inhibitory control, set-shifting,
cognitive flexibility

dysexecutive
syndromes
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assessment of executive functions did not include any task of
problem-solving. Finally, we preferred to apply the National
Institute for Neurodegenerative Diseases PSP diagnostic
criteria rather than the new Movement Disorders Society
(MDS)-proposed diagnostic criteria for PSP [58] since the
MDS criteria have just been released and never applied to
any prospectically recruited PSP cohort.

In conclusion, the present study confirms the pervasive-
ness of cognitive deficits, mainly executive dysfunctions,
apathy and depressive symptoms in PSP. Difficulties in set
shifting, inhibitory control and cognitive flexibility (i.e.,
reduced performance on Stroop test, TMT:B and phono-
logical fluency task, respectively; see Table 3) character-
ized MSA group rather than PD group. The results indi-
rectly indicated the pivotal role of altered basal ganglia and
corresponding frontal deafferentation in the occurrence and
maintenance of the cognitive and behavioural disturbances.
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