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Abstract

Introduction Movement Disorder Society (MDS) new diagnostic criteria for Progressive Supranuclear palsy (PSP) iden-
tifying different disease phenotypes were recently released. The aim of the present study is to report on the cognitive and
behavioral features of the different phenotypes diagnosed according to the MDS criteria.

Methods Forty-nine PSP patients underwent an extensive battery of clinical assessments. Differences between PSP subtypes
were computed with y*> or ANOVA tests. Using the z scores, subjects were classified as having normal cognition, mild cogni-
tive impairment, single or multiple domain, and dementia. A logistic regression model was implemented to investigate the
major determinants of PSP non-Richardson’s syndrome phenotype.

Results Half of the cohort presented Richardson’s syndrome (46.9%), followed by PSP with parkinsonism and corticobasal
syndrome (22.4% and 14.2%, respectively). Richardson’s syndrome and PSP with corticobasal syndrome presented a similar
burden of disease. The only cognitive testing differentiating the phenotypes were semantic fluency and ideomotor apraxia.
The majority of our cohort was either affected by dementia or presented normal cognition. Richardson’s syndrome presented
the highest rate of dementia. The only marker of PSP non-Richardson’s syndrome phenotype was better performance in
visuo-spatial testing, implying worse visuo-spatial abilities in PSP Richardson’s syndrome.

Conclusion Available clinical assessments hardly capture differences between PSP phenotypes. The cognitive testing dif-
ferentiating the PSP phenotypes were semantic fluency and ideomotor apraxia. In PSP, mild cognitive impairment likely
represents an intermediate step from normal cognition to dementia. The only marker of PSP non-Richardson’s syndrome
phenotype was better performance in visuo-spatial testing.
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NNIPPS Natural history and neuroprotection
in Parkinson plus syndrome

PSP Progressive supranuclear palsy

PSP-CBS Progressive supranuclear palsy with
predominant corticobasal syndrome

PSP-D Progressive supranuclear palsy
with dementia

PSP-F Progressive supranuclear palsy with
predominant frontal presentation

PSP-MCImd Progressive supranuclear palsy with
mild cognitive impairment-multiple
domain

PSP-MCI-sd Progressive supranuclear palsy
with mild cognitive impairment-
single domain

PSP-NC Progressive supranuclear palsy
with normal cognition

PSP-P Progressive supranuclear palsy
with predominant parkinsonism

PSP-PGF Progressive supranuclear palsy
with predominant progressive gait
freezing

PSP-rs Progressive supranuclear palsy-
rating scale

PSP-RS Progressive supranuclear palsy
with predominant Richardson’s
syndrome subtype

PSP-SL Progressive supranuclear palsy
with predominant speech/language
disorder

SPSS Statistical package for social
science

SVP Semantic verbal fluency

TMT Trial making test

VAS Visual analog scale

Introduction

Progressive supranuclear palsy (PSP) is a rare, rapidly pro-
gressive, neurodegenerative disease linked to abnormal tau-
protein accumulation and characterized by vertical supra-
nuclear gaze palsy as well as postural instability with falls
[1]. The latter represents the cornerstones of the National
Institute of Neurodegenerative Disorders and Stroke-PSP
criteria (NINDS-PSP) recognizing the classic Richardson’s
syndrome (PSP-RS) as the only form of disease [2].

New diagnostic criteria were recently released by the
Movement Disorder Society (MDS) identifying several PSP
phenotypes beyond the PSP-RS with different degrees of
diagnostic certainty according to the predominant clinical
features [3].
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Evidence available so far would suggest that PSP-RS is
the most common phenotype (55%), followed by PSP with
predominant parkinsonism (PSP-P) (30%) and PSP with pre-
dominant frontal presentation (PSP-F) (5%) with the remain-
ing phenotypes accounting for about 1% each [3]. However,
large longitudinal natural history studies applying the new
MBDS criteria are lacking; therefore, prevalence data on phe-
notypes are expected to change.

In addition to the motor and ocular characteristics, still
representing the core of PSP diagnosis, a wide range of
cognitive and behavioral disturbances are recognized by
the MDS as main disease features characterizing the differ-
ent phenotypes and determining a major impact on health-
related quality of life as well as on survival [3-7].

To date, few studies have attempted to characterize PSP
phenotypes focusing on differences between PSP-RS and
PSP-P 8,9, 11].

The MDS criteria theorizing the PSP phenotypes are
based on an extensive review of the literature as well as
the revision of the largest autopsy-confirmed case series
reported so far. However, there are no available studies pro-
viding a cognitive—behavioral description of the PSP phe-
notypes as diagnosed according to the MDS criteria in a
prospectively enrolled cohort.

The aim of the present study is to describe motor, cogni-
tive and behavioral differences with available clinical instru-
ments in PSP phenotypes, as diagnosed according to the
MDS criteria, in a large sample of prospectively enrolled
PSP patients referred to a third-level movement disorders
center.

Methods

Between November 2015 and April 2018, consecutive
cases of suspected PSP referred to the Center for Neuro-
degenerative Diseases of the University of Salerno were
proposed a dedicated set of assessments including a clini-
cal interview, a motor evaluation, extensive cognitive and
behavioral testing. The purpose of this effort was to create
a PSP registry for the Salerno County. The project was
approved by the local Ethics Committee and each subject
was included upon signature of the informed consent form.
Each enrolled patient underwent the MDS-proposed diag-
nostic flowchart with two movement disorders specialists
who retrospectively defined the PSP phenotypes accord-
ing to the predominant clinical features and expressed the
degree of diagnostic certainty [3]. Details on the methods
are available elsewhere [12]. Briefly, two movement dis-
orders specialists (M.P. and R.E.) independently reviewed
all the data collected for each subject (including the vide-
otaped motor assessment) and applied the new criteria
proposed by the task force (detailed in Tables 1-5 of [3]).
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Any case arising disagreement between the two evaluators
was submitted to a third blinded expert (P.B.) and finally
discussed to reach a unanimous agreement on diagnosis
and predominance type.

Severity of the disease was evaluated with the PSP rating
scale (PSP-rs) as well as the Natural history and Neuropro-
tection in Parkinson Plus Syndrome (NNIPPS) scale [13,
14].

Due to the ease of use, health-related quality of life
was assessed with the EQ-5D Visual Analog Scale (EQ-
5D-VAS) [15].

Cognitive abilities were screened with the Montreal Cog-
nitive Assessment (MOCA). Memory domain was inves-
tigated with the delayed recall scores of the Rey auditory
verbal learning test (15-RAWLT) and the prose memory test.
Attention domain was explored through the trail making test
(TMT) and the short version of the Stroop interference test.
Executive functions were assessed with the Clock design test
(CDT) and semantic verbal fluency test (SVF). Visuo-spatial
functions were tested with the constructional apraxia test
and Benton orientation line test (BJLO). Language domain
was explored with two sub-tests from the Neuropsychologi-
cal Examination of Aphasia battery (ENPA): the non-word
repetition test and the hearing comprehension test of sen-
tences. We explored praxic abilities through the bucco-facial
and ideomotor apraxia test [4].

Functional autonomy was evaluated with the Instrumen-
tal Activities of Daily Life (IADL), while depression and
apathy with the Beck Depression Inventory II (BDI-II) and
Apathy Evaluation Scale (AES), respectively. Patients with
BDI-II score greater than 12 were defined depressed, while
patients with AES score greater than 37 were defined apa-
thetic [16, 17].

Using the z scores of the individual tests and a control
group consisting of twenty-six healthy participants with
age and education matched to the patients, enrolled subjects
were classified as having PSP with normal cognition (PSP-
NC), PSP with MClI-single domain (PSP-MClIsd), PSP with
MCI-multiple domain (PSP-MCImd) and PSP with demen-
tia (PSP-D).

Due to the lack of specific MCI criteria for PSP, MDS
MCI criteria for Parkinson’s disease were applied [18]. As
such, MCI was defined as impairment in neuropsychological
tests (score below 1.5 standard deviation) with no impair-
ment in IADL. In detail, patients having compromised two
tests within one single cognitive domain with other domains
unimpaired were classified as PSP-MClIsd, while patients
having impaired at least one test in two or more cognitive
domains were codified as PSP-MCImd [18]. Patients pre-
senting any type of cognitive/behavioral decline associated
with impairment of IADL were considered as affected by
dementia (PSP-D), according to Statistical Diagnostic Man-
ual of Psychiatry-5th Edition (DSM-5).

Statistical analysis

After checking for normality distribution with the Kol-
mogorov—Smirnov test, differences in variables between
PSP subtypes were computed with > or ANOVA tests as
appropriate. Post hoc comparisons were run with Bonferroni
test. Pearson’s correlation has been performed to explore
the relationship between motor symptoms, as assessed with
PSP-rs and NNIPPS, and cognitive tests. Significance level
was set at p <0.004 to correct for multiple comparisons.

Multivariate logistic regression was implemented to
explore the major determinants of PSP non-RS phenotype
(dependent variables PSP-RS =0 versus PSP non-RS=1
encompassing all the other phenotypes). All models were
adjusted for age and education. All the clinical, cognitive
and behavioral variables were assessed individually and if
any were found to be significant at the p <0.2 level, they
were assessed together in a single backwards regression
model with a p <0.1 inclusion level. All # values and p val-
ues are from the backwards selection models. Significance
level was set at <0.05. Data analysis was conducted with
SPSS (version 23.0).

Results

Forty-nine out of 60 patients referred to our center for sus-
pected PSP underwent the complete set of assessments.
Eleven patients (18.3%) fulfilled one of the MDS mandatory
exclusion criteria preventing further evaluation according to
the PSP diagnostic flowchart (3 for severe leukoencephalop-
athy and 3 for the presence of normal pressure hydrocepha-
lus disclosed by the MRI, 2 for predominant autonomic dys-
function, 2 for positive familial history, 1 for predominant
multisegmental upper and lower motor signs suggestive of
motor neuron disease).

Out of the 49 patients enrolled, 55.1% (27) were men, 23
patients qualified for PSP-RS, 11 with PSP-P, and 7 with
PSP with predominant corticobasal syndrome (PSP-CBS),
4 with PSP-F and 4 with PSP with predominant progressive
gait freezing (PSP-PGF). All patients reached the degree of
certainty of Probable PSP, but those—by definition—with
PSP-CBS.

PSP phenotypes were similar for age, education and dis-
ease duration (Table 1). Although PSP-rs total score was
similar among subtypes, PSP-CBS tended to score worse
in the PSP-rs ocular and limb exam sections (p =0.022 and
p=0.041, respectively). According to the NNIPPS total
score, PSP-CBS and PSP-RS presented the highest burden
of disease (p=0.010). As for the subcores, NNIPPS rigid-
ity, axial bradykinesia and ocular motor function subscores
were higher in PSP-RS and PSP-CBS compared with
PSP-P (p=0.002, p <0.001 and p =0.008, respectively).
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Table 1 Demographic features of PSP phenotypes

Whole sample ~ PSP-RS (V=23) PSP-P (N=11) PSP-CBS (N=7) PSP-F(N=4) PSP-PGF(N=4) F p
(N=49) M=11) M=17) (M=4) M=3) M=2)
(M=27)
Age 70.71+6.43 70.65+6.27 71.54+6 69.57 +8.59 71.00+9.76  70.5+2.08 0.097 0.983
Education 9.22+4.73 9.47+4.89 10+5.32 9.57+2.87 8.5+5.5 5.75+4.57 0.643 0.635
Disease duration  4.77+2.86 5+33 4.09+2.91 6+1.63 2334057  5+1.82 1.067 0.384
Side predomi-  12/11/26 2/3/18 4/7/0 6/1/0 0/0/4 0/0/4 NA NA

nance (R/L/B)

Values are shown in mean + standard deviation

B bilateral, F Fisher’s test, p p value, L left, M men, N number, NA not applicable, PSP-CBS progressive supranuclear palsy-corticobasal syn-
drome, PSP-F progressive supranuclear palsy with predominant frontal presentation, PSP-P progressive supranuclear palsy with predominant
parkinsonism, PSP-PGF progressive supranuclear palsy with predominant gait freezing, PSP-RS progressive supranuclear palsy-Richardson’s

syndrome, R right

As expected, NNIPPS myoclonus subscore was higher in
PSP-CBS compared with PSP-RS and PSP-P (p =0.020).
Finally, NNIPPS limb bradykinesia subscore was higher
in PSP-RS compared with PSP-P (p =0.012) (Table 2).

Health-related quality of life, as evaluated with the EQ-
5D-VAS, did not show significant differences among PSP
phenotypes (Table 2).

Regarding the cognitive—behavioral evaluation, signifi-
cant differences among groups were detected for the SVF
with PSP-RS and PSP-CBS scoring lower than PSP-PGF
(»=0.020). Differences between phenotypes emerged also
for left-side ideomotor apraxia with a tendency for PSP-
CBS to score lower than PSP-RS and PSP-F (p =0.028)
(Table 3). The phenotypes also presented differences in the
BDI-II with trends towards significance for higher scores
in the cognitive factor in PSP-CBS and PSP-F compared
to PSP-P (p=0.036) (Table 3).

According to the BDI-II, 77.1% of the total sample
presented depression: 78.9% of PSP-RS, 66.7% of PSP-
P, 100% of PSP-CBS, 100% of PSP-F and 50% of PSP-
PGF. Differences among subtypes were not significant
(p=0.426) (Fig. 1a).

According to the AES, 82.6% of the whole sample was
apathetic: 81.8% of PSP-RS, 77.8% of PSP-P, 100% of
PSP-CBS, 75% of PSP-F and 75% of PSP-PGF. Differ-
ences among subtypes were not significant (p =0.745)
(Fig. 1b).

Regarding the cognitive status of the whole sample,
24.5% had a normal cognitive status, 18.4% had MCI-sd,
14.3% had MCI-md and 42.9% had dementia. Details of cog-
nitive status according to PSP subtypes are shown in Fig. 1c.

Pearson’s correlation showed a significant inverse cor-
relation between NNIPPS and SVF (r=-0.525, p=0.001).
No other significant correlations were detected.

Multivariate logistic regression showed that the only sig-
nificant marker of PSP non-RS was better scores in the BILO
[OR=1.788 (95% CI 0.908-3.520), p=0.093] (Table 4).
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Discussion

Here, we provide a comprehensive clinical, cognitive and
behavioral characterization of PSP phenotypes diagnosed
according to the MDS criteria in a prospectively enrolled
single-center cohort [3, 12].

As expected, the most prevalent phenotype was PSP-RS
(46.9%), followed by PSP-P (22.4%) and PSP-CBS (14.2%).
The high prevalence of PSP-CBS is justified by the applica-
tion of the joint classification of overlapping PSP and cor-
ticobasal disease (CBD) syndromes as clinically probable
4R-tauopathy operationalized for the first time by the MDS
[3]. This approach avoids separating PSP and CBD on a
clinical ground, as these entities are undistinguishable with
current available methods [19].

Similarly, our analysis shows that available clinical
assessments hardly capture differences between PSP phe-
notypes. As such, scant differences were detected despite
the use of an extensive battery of validated motor, cognitive
and behavioral instruments used.

The comparison of disease severity between phenotypes
disclosed that both PSP-RS and PSP-CBS have the highest
motor burden of disease in terms of limb impairment and
rigidity as well as ocular involvement [20]. In line with the
presence of myoclonus among the PSP-CBS diagnostic cri-
teria, such patients presented higher scores in the myoclonus
section of the NNIPPS [3]. Our data also point out that PSP-
rs and NNIPPS are not completely equivalent. The NNIPPS
provides a more detailed and comprehensive evaluation of
the wide spectrum of symptoms featuring the PSP pheno-
types, including myoclonus. As such, although it has been
used in a number of multicenter clinical trials and natural
history studies, the PSP-rs lacks of specific items dedicated
to myoclonus or freezing of gait still core features of PSP-
CBS and PSP-PGF [13, 20].

Regarding the cognitive evaluation, the PSP pheno-
type showed significant differences in the semantic verbal
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Table 2 Clinical features of PSP phenotypes
Whole sample PSP-RS PSP-P PSP-CBS PSP-F PSP- PGF F p
(N=49) (N=23) (N=11) (N=T7) (N=4) (N=4)
M=27) M=11) M=17) M=4) (M=3) M=2)
Disease severity
PSP-rs total 43.68+17.49 47.6+169 38.88+22.03 52.2+9.01 36.75+9.32 28.5+21.92 1.218 0.324
History 9.25+4.36 10.13+4.61 7.66+3.87 10.8+3.27 8.25+4.5 8+848  0.675 0.615
Mental 4.45+2.81 4.73+2.49 3.55+2.65 524258 6+4.32 1.5+2.12 1.244 0.314
Bulbar 3.37+1.55 3.73+1.62 277+1.78 3.8+1.09 3.25+0.95 25+2.12  0.768 0.555
Ocular 7.85+4.34 8.8+4.07 5.55+3.74 12+3.74 6.75+3.77 3+0.0 3.365 0.022%
Limb 6.57+3.01 7.13+2.85 5.77+2.94 9.2+2.16 35+2.38 55+2.12  2.851 0.041°
Gait 11.62+5.28 13.06+5.24 10.22+6.66 13.2+3.7 9+1.41 85+6.36  0.966 0.441
NNIPPS total 96.95+44.13  108.44+42.96 65.66+33 131.28+45.19 86+24.12 66.5+26.55 3.886 0.010¢
Mental 13.07+7.60 12.52+7.34  12.88+6.56 15.85+8.93 15.5+9.29 8.5+8.1 0.700 0.597
Bulbar 11.70+4.49 12.76 +3.78 9.22+5.67 14.85+2.73 9.5+4.12 9.5+3.78  2.633 0.50
Mobility 18.97+8.50 21414928 13.77+7.49 22.57+7.72 16+2.94 17 +£8.04 1.815 0.147
Tremor 0.63+2.44 1.41+3.69 0.0+£0.0 0.0+£0.0 05+1 0.0+0.0 0.749 0.565
Rigidity 7.39+4.39 8.82+3.76 3.88+4.01 11.14+3.43 55+42 45+1 5.441 0.002¢<
Myoclonus 0.46+1.05 0.23+0.56 0.0+0.0 1.57+1.81 0.25+0.5 0.75+1.5 3.325 0.020"¢
Limb bradykinesia  12.90+7.62 16+7 6.66+7.46 16.71 +6.89 9.75+4.03 10.25+5.12  3.740 0.012"
Axial bradykinesia 11.85+6.49 15.11+4.53 5.11+£5.15 17+£4.72 9.75+2.06 6.25+5.05 10.795 <0.000"-mn
Ocular function 9.53+7.12 12.05+7.31 4.11+£4.37 13.57+6.75 10+5.47 35+2.64  4.089 0.008°P
Axial dystonia 0.80+2.06 1.17+£2.81 0.44+1.33 1.14+1.86 0.0+£0.0 0.25+0.5 0.451 0.771
Limb dystonia 0.97£2.68 1.47+£3.95 0.0£0.0 1.57+1.61 05=+1 05=+1 0.563 0.691
Pyramidal signs 0.63+0.88 0.70+£0.98 0.33+0.7 0.42+0.53 1.75+0.95 0.25+0.5 2.462 0.063
Cerebellar signs 2.00+7.85 229487 0.11+£0.33 6.0+13.41 0.0£0.0 0.0£0.0 0.697 0.599
Orthostatic 1.73+£2.52 1.05+1.81 1.55+£2.74 3.42+293 3+3.82 0.75+1.5 1.604 0.195
Urinary 3.70+3.34 2.64+£2.82 444+39 5.28+4.19 4+2.94 3.5+2.88  0.929 0.458
Health-related quality of life
EQ-5D-VAS 44.78 +28.79 35.67+£24.70 57.86+27.66 40+£29.43 62.67+46.49 48.33+32.53 1.075 0.388

Values are shown in mean + standard deviation

Statistically significant differences are indicated in bold

F Fisher’s test, p p value, M men, N number, NA not applicable, NNIPPS natural history and neuroprotection in Parkinson plus syndrome, PSP-
CBS progressive supranuclear palsy-corticobasal syndrome, PSP-F progressive supranuclear palsy with predominant frontal presentation, PSP-P
progressive supranuclear palsy with predominant parkinsonism, PSP-PGF progressive supranuclear palsy with predominant gait freezing, PSP-
rs progressive supranuclear palsy-rating scale, PSP-RS progressive supranuclear palsy-Richardson’s syndrome, VAS visual analog scale

4p=0.053PSP-CBS vs PSP-P
bp=0‘041 PSP-CBS vs PSP-F
‘p=0.019 PSP-CBS vs PSP-P
dp=0.024 PSP-RS vs PSP-P
¢p=0.004 PSP-CBS vs PSP- P
fp=0.033 PSP-CBS vs PSP- RS
£p=0.022 PSP-CBS vs PSP-P
hp=0.019 PSP-RS vs PSP-P
ip<0.001 PSP-RS vs PSP-P
lp=0.014 PSP-RS vs PSP-PGF
™p <0.001 PSP-CBS vs PSP-P
"p=0.007 PSP-CBS vs PSP-PGF
°p=0.038 PSP-RS vs PSP-P
Pp=0.047 PSP-CBS vs PSP-P
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Table 3 Neuropsychological and behavioral features of PSP phenotypes

Whole sample PSP-RS PSP-P PSP-CBS PSP-F PSP-PGF F p
(N=49) (N=23) (N=11) (N=T) (N=4) (N=4)
(M=27) M=11) M=7) (M=4) M=3) M=2)
Cognitive assessments
MOCA total 16.64+5.16 15.94+6.03 16.33+4.41 16.8+5.21 17.66+2.51 20.66+3.21 0552 0.699
Visuospatial 220+1.32 1.89+1.19 2444142 1.8+1.78 2.66+0.57 3.66+0.57 1.546 0.211
Executive 1.12+0.97 0.94+0.91 1.33+0.86 1.2+13 1+1 1.66+1.52 0480 0.750
Language 3.59+1.25 3.63+1.34 3.22+1.39 3.8+0.83 3+1 4.66+0.57 0953 0.446
Orientation 4.84+1.40 4.84+1.77 4.55+0.88 4.8+1.09 533+1.15 533+1.15 0256 0.904
Attention 3.92+1.69 3.94+1.84 3.66+2.12 4.4+0.89 333+1.52 4.33+0.57 0.265 0.898
Memory 0.94+1.25 0.89+1.28 1+1.22 0.8+1.09 1.33+2.3 1+1 0.092 0.984
Memory domain
15-RAWLT 3.82+2.24 4425 3.66+1.93 3.57+1.98 3.5+1091 4+3.16 0.084 0.987
Prose memory 8.16+4.35 8.18+4.75 7.88+4.73 9.28 +3.68 10.13+2.45 496+445 0.618 0.653
Attention domain
TMT-part A 156.81+121.23 169.61+115.92 113.37+73.70  241.6+212.97 146 +74.52 69+28.84 1373 0.265
Stroop interference 4.63+8.30 5.27+8.49 4.6+9.73 8.33+13.57 1.33+£1.52 0.50+0.70  0.362 0.833
Executive domain
CDT 5.83+3.47 4.8+3.48 7.3+2.16 42+4.26 7+4.35 9.33+1.15 2258 0.082
SVF 17.68+7.94 16.61+7.91 20.11+4.31 13+7.21 16.75+7.97 30+7.81  3.315 0.020%°
Visuospatial domain
Constructional apraxia test 7.12+3.48 6.52+3.43 8.12+3.83 5+3.67 8.25+2.21 10.33+1.52 1.602 0.196
BILO 12.23+7.89 9.6+8.06 12.66+8.18 16.5+7.04 15+4.24 17+8.18  1.057 0.398
Language domain
ENPA-non-word repetition 2.46+1.56 2.61+1.53 23+1.7 1.6+1.51 1.5+0.70 4+1 1.428 0.245
ENPA-auditory comprehen- 11.76 +2.09 10.9+2.46 12.75+0.88 12.8+1.3 11.66+1.15 13.33+0.57 2295 0.079
sion of sentences
Praxic abilities
Bucco-facial 15.12+3.82 14.73+3.79 16.44+2.6 12.85+4.74 16+4.32 17.5+3.1 1435 0.239
Right ideomotor 59.71+12.07 59.04+12.41 63.77+7.64 48.28 +14.34 63+6.68 66.5+4.93  3.006 0.029°
Left ideomotor 56.65+15.62 58.15+11.59 58.5+8.96 40.57+27.3 67.25+3.59 63+6.68  3.051 0.028%¢
Behavioral assessments
BDI-II total 19.75+11.05 21.05+10.64 11.5+7.06 23.25+7.8 28.66+15.53  15.75+13.27 1.762 0.162
Somatic—affective factor 12.69+8.41 14.73+7.99 8.66+5.92 13.25+7.18 12+14.73 9+10.42 0.809 0.529
Cognitive factor 6.52+4.44 6.31+4.23 2.66+1.75 10+1.82 10.66+7.76 6.75+3.3 2942 0.036"¢
AES-total score 46.30+11.59 47.52+11.05 43.3+8.31 51+6.02 43+24.58 42.5+13.77 0.682 0.608
Cognitive component 20.17+5.82 20.66+5.95 17.4+5.6 22.33+4.08 22+8.28 19.5+544 0914 0465
Emotional component 6.11+2.95 576+1.6 7.7+£5.49 5.83+1.47 5.25+2.06 5254095 0977 0431
Behavioral component 11.97+3.34 12.28+2.77 10.5+3.24 14.16+1.6 12+5.35 10.75+5.31 1.356  0.267
Functional autonomy
IADL 2.87+2.30 2.47+1.99 4.11+2.26 1.57+2.07 475+2.75 2.75+2.87 2257 0.079

Values are shown in mean + standard deviation

Statistically significant differences are indicated in bold

15-RAWLT Rey’s auditory 15-word learning test, AES apathy evaluation test, BDI-II Beck Depression Inventory II, B/JLO Benton’s Judgment of
Line Orientation, CDT clock drawing test, ENPA neuropsychological examination of aphasia battery, F Fisher’s test, JADL instrumental activi-
ties of daily live, MOCA total score Montreal Cognitive Assessment total score, p p value, PSP-CBS progressive supranuclear palsy-corticobasal
syndrome, PSP-F progressive supranuclear palsy with predominant frontal presentation, PSP-P progressive supranuclear palsy with predomi-
nant parkinsonism, PSP-PGF progressive supranuclear palsy with predominant gait freezing, PSP-RS progressive supranuclear palsy-Richard-
son’s syndrome, SVP semantic verbal fluency, TMT trial making test

4p=0.046 PSP-RS vs PSP-PGF
®»=0.015 PSP-CBS vs PSP-PGF
°p=0.085 PSP-CBS vs PSP-P
4p=0.050 PSP-CBS vs PSP-F
°p=0.080 PSP-CBS vs PSP-RS
fp=0.082 PSP-CBS vs PSP-P
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Table 3 (continued)

£p=0.084 PSP-F vs PSP-P

A
100 22. 9 211 333
i II II I .
0
PSP-whole  PSP-RS PSP-P PSP-CBS PSP-F PSP-PGF
sample
= Depression No Depression
B
100 174’ 182’ 222’ 25 ’
) I I I I I
0
PSP-whole  PSP-RS PSP-P PSP-CBS PSP-F PSP-PGF
sample
m Apathy No Apathy
AN A .‘ A A
100 l91
25
80 27.3
wa | ’ sl
60
143 ’ 87 0 1820 4, ’
40
42.9 47.8 455
20 || ||
0 L >
PSP- whole PSP-RS PSP-P PSP-CBS PSP-F PSP-PGF

sample
PSP-D PSP-MClsd PSP-MCImd = PSP-NC

Fig.1 a Patients with clinically significant depression according
to phenotype. Patients with BDI-II score greater than 12. b Patients
with clinically significant apathy according to phenotype. Patients
with AES score greater than 37. ¢ Cognitive status according to phe-
notype. D dementia, NC normal cognition, MCImd mild cognitive
impairment multiple domain, MClsd mild cognitive impairment sin-
gle domain, PSP-CBS progressive supranuclear palsy-corticobasal
syndrome, PSP-F progressive supranuclear palsy with predominant
frontal presentation, PSP-P progressive supranuclear palsy with pre-
dominant parkinsonism, PSP-PGF progressive supranuclear palsy
with predominant gait freezing

fluency with PSP-CBS having the lowest scores followed
by PSP-RS. This is in line with the prominent deficits in
attention and executive functions described in PSP, with
verbal fluency being specifically affected [4, 9]. Seman-
tic fluency is a widely used measure of frontal-temporal
cortical functioning and its alteration provides additional
frontal-executive cognitive demand as it requires both
alternating between two semantic categories and inhibit-
ing category unrelated responses [21, 22]. Semantic verbal
fluency task needs the retrieval of hierarchically organized
contents with search strategies adapted to a categorical

structure, including semantically associated sub-domains.
Thus, our results would suggest that PSP-CBS as well as
PSP-RS has the most extensive dysfunction in cortical and
subcortical networks, and especially in the left inferior
frontal cortex as well as in temporal areas compared to the
other phenotypes with comparable disease duration and
severity [23-25]. Furthermore, the significant correlation
between motor impairment and SVF detected in the whole
PSP sample further supports a role for semantic fluency as
a marker of disease.

As expected, PSP-CBS had the lowest scores with the
ideomotor apraxia test, especially on the left side, in line
with both the criteria identifying such phenotype and the
left-side predominance in our cohort (Table 1) [3].

Regarding the behavioral evaluation, PSP-CBS and PSP-F
showed a trend towards significance for higher scores in the
cognitive factor of the BDI-II. Although there is a scant of
studies on the factor structure of the BDI-II in movement
disorders, this would be in line with the hypothesis that
the cognitive factor of the BDI-II better mirrors depressive
symptoms irrespective of body problems [26].

In line with other studies [4, 27], in our sample, depres-
sive symptoms are less prevalent than the apathetic symp-
toms (77.1% versus 82.6%). Although there is scant of stud-
ies considering behavioral disorders in PSP phenotypes, our
data would suggest that depressive symptoms are more prev-
alent in patients with PSP-CBS and PSP-F (100%) compared
to PSP-PGF (50%). Indeed, we acknowledge that symptoms
of depression can be subtle and often overlooked as reactions
to the severity of motor symptoms [28]. However, neuro-
imaging and postmortem studies suggest that depression in
movement disorders is underlined by mesolimbic dopamin-
ergic pathways and basal ganglia dysfunction and, thus, is
an intrinsic feature of the disease [29, 30].

As for apathy, significant symptoms were more preva-
lent in PSP-CBS (100%) and PSP-RS (81.8%) compared
with PSP-PGF and PSP-F (75%). As opposite to our data,
Pellicano and colleagues identified apathy as a predictor of
the PSP-P compared with PSP-RS [11]. The use of differ-
ent tools to quantify apathy can account for such discrep-
ancy [17]. Indeed, the high prevalence of apathy in PSP is
explained by the profound degeneration of the prefrontal
areas and the dysfunction of the frontal-subcortical connec-
tions, also shown by MRI studies [10].

Ours is one of the few studies considering the concept
of MCI in atypical parkinsonism [6]. The majority of our
cohort either was affected by dementia (42.9%) or presented
normal cognition (24.5%), with a minority presenting MCI
(18.4% MCI-md and 14.3% MCI-sd). Confirming previous
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Table 4 Predictors of PSP non-

Richardson's phenotypes Univariate Multivariate estimate Multivariate
p value p value
PSP-rs total 0.212 - -
NNIPPS total 0.148 NS NS
MOCA total 0.209 - -
15-RAWLT 0.753 - -
Prose memory 0.768 - -
TMT-part A 0.537 - -
Stroop interference 0.686 - -
CDT 0.039 NS NS
SVF 0.366 - -
Constructional apraxia 0.171 NS NS
BJLO 0.041 1.788 (0.908-3.520) 0.093
ENPA-non-word repetition 0.526 - -
ENPA-auditory comprehension of 0.009 - -
sentences

Bucco-facial apraxia 0.275 - -
Right ideomotor 0.274 - -
Left ideomotor 0.235 - -
BDI-II total 0.932 - -
BDI-II somatic—affective factor 0.755 - -
BDI-II cognitive factor 0.921 - -
AES-total 0.838 - -

All models controlled for age and education

Variables included in the multivariate model if the univariate p value < 0.2

Variables in the multivariable model with p value > 0.1 are considered not significant (NS)

15-RAWLT Rey’s auditory 15-word learning test, AES apathy evaluation test, BDI-II Beck Depression
Inventory II, BJLO Benton’s judgment of line orientation, CDT clock drawing test, ENPA neuropsychologi-
cal examination of aphasia battery, JADL instrumental activities of daily live, MOCA total score Montreal
cognitive assessment total score, NNIPPS natural history and neuroprotection in Parkinson plus syndrome,
p p value, PSP-rs Progressive Supranuclear Palsy-rating scale, SVP semantic verbal fluency, TMT trial

making test

findings, these data would suggest that MCI in PSP represent
an intermediate step from normal cognition to dementia [6].

When investigating the prevalence of cognitive status
across PSP phenotypes, the highest rates of dementia were
disclosed in PSP-RS (47.8%), followed by PSP-P (45.5%)
and PSP-CBS (42.9%), with PSP-PGF presenting the highest
prevalence of normal cognition (75%). These results are in
line with available literature describing PSP-RS as the most
severe and PSP-PGF as the most benign phenotype [3, 31].

Finally, we attempted at exploring the major determi-
nants of PSP-RS versus PSP non-RS phenotypes. Among
all the clinical, cognitive and behavioral variables consid-
ered, the only predictor of PSP non-RS was better scores in
visuo-spatial testing (i.e., BILO). Our results would imply
worse visuo-spatial functions in PSP-RS compared to the
other phenotypes, excluding PSP-SL. Further studies should
focus on a wider examination of the other cognitive domains
beyond attention and executive functions in PSP to confirm
such data. Indeed, we acknowledge the possible impact of

@ Springer

supranuclear gaze palsy on BJLO performances. As such,
PSP non-RS may have higher BJLO scores in light of the
milder ocular impairment reflected by lower scores in the
PSP-rs ocular section for all the PSP non-RS phenotypes
but PSP-CBS.

Limits of the present study include exploratory nature
of the study, the number of included cases from a single
center (49), the lack of longitudinal follow-up as well as
pathological confirmation, still the gold standard for PSP
diagnosis. Furthermore, we acknowledge that the prevalence
of the PSP-F subtype may be underrepresented due to the
enrollment performed in a movement disorders center.

In conclusion, we report on the clinical, cognitive and
behavioral features of MDS PSP phenotypes. Current clini-
cal instruments hardly detect differences between pheno-
types. The lack of specific clinical assessments differentiat-
ing PSP phenotypes in vivo will preclude future advances in
understanding the underlying mechanisms of these distinct
pathological processes as well as in their treatment.
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