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ABSTRACT: Background: There is currently no
undisputed, validated, clinically meaningful measure for
deficits in the broad spectrum of PSP phenotypes.
Objective: To develop a scale to monitor clinical deficits
in patients with PSP across its broad phenotypes.
Methods: The Progressive Supranuclear Palsy Clinical
Deficits Scale was conceptualized to cover seven clinical
domains (Akinesia-rigidity, Bradyphrenia, Communica-
tion, Dysphagia, Eye movements, Finger dexterity, and
Gait & balance), each scored from 0 to 3 (no, mild, mod-
erate, or severe deficits). User guidelines were developed
to standardize its application. Progressive Supranuclear
Palsy Clinical Deficits Scale scores were collected in
patients fulfilling the MDS-PSP diagnostic criteria in two
independent, multicenter, observational studies, both
cross-sectionally (exploratory DescribePSP cohort; con-
firmatory ProPSP cohort) and longitudinally (12-months’
follow-up, both cohorts).
Results: Cognitive pretesting demonstrated easy scale
utility. In total, 164 patients were scored
(70.4 � 7.6 years; 62% males, 35% variant phenotypes).
Mean Progressive Supranuclear Palsy Clinical Deficits
Scale completion time was 4 minutes. The Progressive

Supranuclear Palsy Clinical Deficits Scale total score cor-
related with existing scales (e.g., Progressive Supra-
nuclear Palsy Rating Scale: R = 0.88; P < 0.001).
Individual Progressive Supranuclear Palsy Clinical Defi-
cits Scale items correlated well with similar constructs in
existing scales. Internal consistency (Cronbach’s alpha:
0.75), inter-rater reliability (0.96), and test-retest stability
(0.99) were acceptable. The PSP-CDS showed significant
12-month change (baseline, 8.6 � 3.6; follow-up:
10.8 � 3.6; annualized difference: 3.4 � 3.4; n = 49;
P < 0.0001). Sample sizes required per arm for a two-
arm, 1-year follow-up therapeutic trial to detect 50%
change in Progressive Supranuclear Palsy Clinical Defi-
cits Scale progression was estimated to be 65 (two-
sided, two-sample t test).
Conclusion: The Progressive Supranuclear Palsy Clinical
Deficits Scale is a rapidly completed, clinimetrically
sound scale for clinical care and research involving PSP.
© 2020 International Parkinson and Movement Disorder
Society
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PSP is a four-repeat tauopathy presenting with symp-
toms including ocular motor dysfunction, postural
instability, akinesia/rigidity, frontal cognitive/behavioral
dysfunction, speech/language dysfunction, and bulbar
symptoms (dysarthria/dysphagia).1,2 The most frequent
clinical manifestation of PSP is Richardson’s syndrome
(PSP-RS), but a broad spectrum of variant PSP manifes-
tations (vPSP) has been acknowledged and
operationalized in the International Parkinson and
Movement Disorder Society (MDS) diagnostic criteria.2

There are currently no effective symptomatic or disease-
modifying therapies available, but tau-directed clinical
trials are ongoing and in preparation.1,3

Rating scales are fundamental in clinical practice and
research to assess disease severity cross-sectionally and
progression or treatment response longitudinally.4 Scales
as outcome measures for clinical trials have been increas-
ingly criticized, given that traditional scales often prove
to be inadequate, producing, at best, circumstantial evi-
dence suggesting therapeutic efficacy of investigational
drugs.4 Both the European Medicines Agency (EMA)5

and the U.S. Food and Drug Administration (FDA)6-8

have issued guidelines for scales in clinical trials. Key
points of the EMA recommendations on outcome assess-
ments are external validation, reliability, sensitivity to
change, and the focus on “functional and global
domains with greater emphasis on activities of daily liv-
ing (ADL),” capturing “clinically meaningful benefits.”5

The FDA advocates the importance of “patient-focused
clinical trial endpoints,” assessing how a patient “feels,
functions and survives.”8 Quality-of-life scales as pri-
mary outcome measures are controversial, because they
are prone to “response shifts” attributable to social, psy-
chological, or emotional factors, which may be confused
with truly neurological treatment effects.5 Patient-
reported outcome measures are being recommended,6

but may be of limited value in patients with cognitive
and frontal lobe dysfunction impairing insight into exis-
ting deficits.2,9 Thus, both EMA and FDA recommend
scales focusing on patient-focused deficits in the clinical
domains affected by the disease under investigation.
Currently, several generic scales are being used to

monitor the status and change of PSP patients’ health:

• The UPDRS Part III (MDS-UPDRS III; 14 items)10

has been developed to assess motor deficits in
Parkinson’s disease. It is also recommended for this
purpose in PSP.11,12

• The Frontal Assessment Battery (FAB; 6 items)13

evaluates frontal lobar behavioral and cognitive
functions. In PSP, the FAB identifies cognitive
deficits,14,15 but is not sensitive to change.16,17

• The Montreal Cognitive Assessment (MoCA;
11 items)18 is also used to identify cognitive
deficits,19 but longitudinal data have not yet been
reported in PSP.

• The Schwab and England Activities of Daily Living
Scale (SEADL; 1 item)20 briefly evaluates functional
dependence in ADL, showing good sensitivity to
change in PSP.16

• The Clinical Global Impression of Illness Severity Scale
(CGI-S; 1 item)21 assesses global illness levels relative
to the raters’ general experience; it has been applied in
PSP and also shows sensitivity to change.16,22

There are only two established disease-specific scales
for PSP:

• The PSP-Quality of Life Scale (PSP-QoL; 46 items)23

is a disease-specific, patient-rated quality of life, but
longitudinal data have not been published so far.

• The PSP Rating Scale (PSPRS; 28 items)24 is a
physician-rated measure of disease severity. It remains
the only prospectively validated, disease-specific scale
for PSP, yielding reproducible annual progression rates
with reasonable effect sizes in multicenter set-
tings.16,25,26 Still, concerns have been voiced: The dis-
ease concept for its construction was PSP-RS. Features
of vPSP do occur in the PSPRS, but contribute to a
lesser extent to the total score than PSP-RS hallmark
features. In some items, response categories may not
be objectively distinguishable. Score changes may not
proportionally imply clinically meaningful changes,
because some items contribute higher scores than
others, because some functional domains are represen-
ted by more items than others, and because some items
may be functionally more relevant than others. There
are no inter-rater reliability or test-retest data available
so far. Finally, the PSPRS is a time-consuming special-
ists’ tool and is not very handy for clinical routine.
The PSP Staging System (PSPSS), which comes with
the PSPRS, classifies disease severity based on different
grades of postural instability and gait only.

Power calculations on longitudinal data demonstrated
the PSPRS to be the most reliable single progression mea-
sure, requiring the least number of patients (49/arm) to
detect a 50% change in disease progression within 1 year,
followed by the SEADL (70/arm) and CGI-S (81/arm).16

Acknowledging the emerging need of a scale assessing
meaningful deficits in the clinical domains relevant for
PSP, being equally applicable to PSP-RS and vPSP-phe-
notypes, yielding predictable annual progression rates,
and being usable in clinical care and multicenter
research settings, the MDS-endorsed PSP study group
set out to develop the physician-reported PSP–Clinical
Deficits Scale (PSP-CDS).

Materials and Methods
Scale Development

Members of the MDS-endorsed PSP study group,
with input from members of the MDS Rating Scales
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Program (C.G.G., G.T.S.), conceptualized the PSP-CDS.
To identify the clinical domains most pertinent to PSP,
we reanalyzed the systematic literature review con-
ducted for the purpose of generating the MDS-PSP
diagnostic criteria.27 In brief, literature was searched on
PubMed, Cochrane, Medline, and PSYCInfo databases
for entries from 1996 until 2015, using search terms for
PSP and for the question “Which signs, symptoms, or
syndromes are present in neuropathologically defined
PSP?“27 Research articles, systematic reviews, and
meta-analyses in English language, using postmortem
analysis or the National Institute of Neurological Disor-
ders and Stroke and Society for Progressive Supra-
nuclear Palsy (NINDS-SPSP) criteria as a diagnostic
standard, were selected to identify characteristic PSP-
associated clinical deficits with relevance to ADL. The
members of the study group reviewed and annotated
the literature and the principal component analyses.
Based on their written summary report, a subgroup
(I.P., K.S., G.R., M.S., and G.U.H.) developed the scale
by agreeing on the clinical domains to be included and
the response categories in an iterative Delphi-like
approach achieving final consensus. Domains with pre-
sumed impact on instrumental ADL (preparing meals,
shopping, telecommunication, and managing finances)
and self-care ADL (hygiene, dressing, self-feeding, using
toilets, managing medications, and not being bedrid-
den) were prioritized. For all domains, four response
categories were generated, defining deficit degrees
(0 = no deficit; 1 = mild deficits considered by the scale
developers not to affect ADL; 2 = moderate deficits con-
sidered to necessitate partial external support to main-
tain ADL; 3 = severe deficits considered to incapacitate
ADLs requiring continuous external support). The scale
was developed and validated in the English language.

Cognitive Pretesting
Cognitive pretesting of the PSP-CDS was conducted

with the aim to identify aspects that required improve-
ment in comprehensibility and applicability, using a
standardized questionnaire based on two
techniques28-30:

• Think-aloud: To reveal possible sources for difficul-
ties in decision making, raters reported their (dis)
agreement with individual items/response categories
while applying the PSP-CDS.

• Verbal probing: After choosing a response for an
item, raters were asked to paraphrase their answer,
to report the reason for selecting specific responses,
and assess their ease of decision (1 = very easy;
2 = easy; 3 = difficult; 4 = very difficult).

Patients and Assessments
Cross-sectional and longitudinal data were collected

within two German multicenter, observational cohort

studies of PSP patients. The DescribePSP study, run by
the German Center for Neurodegenerative Diseases
(DZNE), served to generate an exploratory data set.
The ProPSP study, run by the German Parkinson and
Movement Disorders Society (DPG), generated an inde-
pendent confirmatory sample. Independent patients,
regardless of PSP phenotype, were consecutively rec-
ruited into both cohorts since 2017 at multiple centers
(14 ProPSP, 8 DescribePSP) with expertise in movement
disorders, geographically distributed across the country.
Patients were assessed in the German language. Scales
requiring active participation of the patient
(e.g., MoCA) were provided in the German language.
Physician-reported outcomes were used in the English
language. Inclusion and exclusion criteria for patients
were the MDS criteria for clinical diagnosis of PSP.2

Information required for PSP-CDS rating was collected
by individually trained neurologists through a
semistructured interview, with or without help by a reli-
able caregiver, and a short structured clinical examina-
tion, at baseline and 12-months’ follow-up
examination. For evaluation of inter-rater reliability, a
subset of patients was assessed by two independent
raters. For test-retest stability, patients were assessed by
the same rater twice (within 1–14 days’ follow-up). To
avoid a bias by disease progression or diurnal fluctua-
tions, both examinations were performed, at most,
14 days apart and at the same time of the day. Addi-
tionally, the following data were collected at baseline:
demographic information, PSPRS, PSPSS, PSP-QoL,
MDS-UPDRS III, SEADL, MoCA, and CGI-S. Data
from DescribePSP and ProPSP were collected by two
independent web-based data capture systems. Both
cohort studies and PSP-CDS development were
approved by ethical committees at all participating
centers.

Statistical Analysis
All statistics were conducted using GraphPad Prism

software (version 8.0.1. for MacOS; GraphPad Soft-
ware Inc., San Diego, CA). Descriptive data are
reported as mean, standard deviation (SD), and range.
Frequency distribution of baseline scores and disease

duration served to assess floor and ceiling effects, con-
sidered as present if >15% of patients achieved worst
or best scale score.53 The nonparametric Spearman’s
rank coefficient was calculated for correlation analysis.
To relate PSP-CDS progression to clinically relevant
disease, we operationalized milestones based on PSPRS
items (3, 5, and 26) and MoCA scores and analyzed
percentages of patients having reached such milestones
by PSP-CDS tertiles (operationalizing mild, moderate,
and severe disease stages). Item-total correlations and
Cronbach’s alpha (CA) were used as a measure for
internal consistency. Inter-rater reliability and test-retest
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stability were calculated using intraclass correlations.
Power calculations were performed on patients with
12-month follow-up data, calculating the annualized
change versus baseline, standardized effect sizes, and
estimated sample sizes needed to detect 30% or 50%
changes in annualized progression (80% power; two-
sided, two-sample t test and Mann-Whitney U test).

Short Scale Versions
The full PSP-CDS addresses deficits in seven clinical

domains with three degrees of severity each. The full
version thus may also be referred to as the PSP-CDS.7x3

After several feedback rounds, we decided to develop
two shorter versions of the scale, one omitting the first
response category (mild deficits) and one without the
item “eye movements”: Given that the response catego-
ries 1 (= mild deficit) of the PSP-CDS7x3 purposefully
identify clinical deficits without functional relevance for
patients, we devised an abbreviated PSP-CDS7x2 scale
for use in research settings, where such items are of no
interest (merging categories 0 and 1 of PSP-CDS7x3;
Supporting Information S8). While we believe in the
strong impact of the item “Eye movements” on ADL in
PSP (affecting the ability to look down to the plate

while eating, to toes while descending stairs, and to
obstacles while walking), the item’s functional relevance
is sometimes controversially debated. Therefore, we
constructed a PSP-CDS6x2 (omitting “Eye movements”
from PSP-CDS7x2; Supporting Information S9). We per-
formed basis statistics on both shorter scales to confirm
their usability as well.

Results
Scale Conceptualization

The literature review identified 103 relevant studies,
37 of which were considered particularly applicable to
the current project. For two independent clinicopatho-
logical series of autopsy-confirmed PSP patients, a prin-
cipal components analysis of clinical features, extracted
from the patients’ charts, had been performed.31,32

Both analyses identified supranuclear gaze palsy and
related ocular motor dysfunctions, postural instability
leading to gait and balance problems, akinesia-rigidity,
and related parkinsonian features as key factors.31,32

One of these studies additionally identified cognitive
dysfunction as a key element.31 More specifically, fron-
tal cognitive/behavioral33-35 and speech/language36-38

FIG. 1. PSP-CDS Scale scoring table. [Color figure can be viewed at wileyonlinelibrary.com]
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disorders and corticobasal syndrome39 have been con-
sistently reported as cognitive deficits in PSP. Also, bul-
bar dysfunction leading to dysarthria and dysphagia
were frequently reported in PSP.40 Because of their par-
ticular relevance for PSP, these aspects have been
included as core or supportive features into the MDS-
PSP diagnostic criteria.2 Thus, the PSP-CDS was con-
structed using the following seven domains: Akinesia-
rigidity, Bradyphrenia, Communication, Dysphagia,
Eye movements, Finger dexterity, and Gait & bal-
ance (Fig. 1).

Cognitive Pretesting
Twenty-six questionnaires were completed at four

different study centers. Completion time of the PSP-
CDS was 4.0 � 1.1 versus 13.6 � 3.5 minutes for the
PSPRS (P < 0.001). Raters reported difficulties in
choosing a score mainly when a patient’s history report
differed markedly from the clinical exam (e.g., in gait
and dysphagia items). In general, items were considered
to be easy to evaluate (mean item rating: 1.7 � 0.2;
range, 1 [very easy] to 4 [very difficult]). Given that no
item was considered particularly difficult, we did not
change any item, but rather developed a User Instruc-
tion (Supporting Information S1).
A second round of cognitive pretesting of the PSP-

CDS provided to eight independent raters along with
the User Instruction confirmed the scale to be easily
applicable (item ratings: Akinesia-rigidity 1.4 � 0.5,
Bradyphrenia 1.9 � 0.6, Communication 1.3 � 0.5,
Dysphagia 1.0 � 0.0, Eye movements 1.5 � 0.8, Finger
dexterity 1.3 � 0.5, and Gait & balance 1.1 � 0.4).

Cross-Sectional Analyses: Sample Description
Of the 190 patients recruited, 26 were excluded

because of missing PSP-CDS or PSPRS data, leaving
164 patients for cross-sectional analysis (88 from Des-
cribePSP, 76 from ProPSP). Their demographic and
clinical data are shown in Table 1.
A total of 107 PSP-RS and 57 vPSP phenotypes were

included. A detailed description of their diagnostic cer-
tainties and predominance types by the MDS-PSP
criteria is shown in Supporting Information S2.
Figure 2A to 2C shows the frequency distribution of

disease duration, PSPRS scores, and PSP-CDS scores.
Supporting Information S3 shows the individual PSP-

CDS items’ scores in the entire cross-sectional cohort.
These analyses demonstrated no floor or ceiling effects,
considered present if >15% of patients achieved worst
or best scores.

Cross-Sectional Analyses: Reliability
Item-to-total correlations for the PSP-CDS were above

the common threshold of 0.4 for all phenotypes in the
entire study population (Supporting Information S4).
CA for the PSP-CDS in the joint cross-sectional

cohort was 0.75 (Supporting Information S5).
Inter-rater reliability and test-retest stability showed

excellent correlations (Supporting Information S6A,B).

Cross-Sectional Analysis: Validity
Individual PSP-CDS items’ scores correlated well with

scores from other scales designed to measure similar
conceptual constructs, analyzing all predominance

TABLE 2. Cross-sectional analysis: correlation of PSP-CDS with other established scales

Analysis SEADL CGI-S MoCA PSP-QoL PSPSS PSPRS

All phenotypes Exploratory (DescribePSP) –0.69*** 0.60*** –0.35** 0.47** 0.65*** 0.85***
n = 87 n = 87 n = 76 n = 55 n = 84 n = 87

Confirmatory (ProPSP) –0.73*** 0.58*** –0.40** 0.50*** 0.53*** 0.91***
n = 76n = 75 n = 76 n = 76 n = 74 n = 76

Joint analysis –0.71*** 0.60*** –0.37*** 0.50*** 0.59*** 0.88***
n = 162 n = 163 n = 152 n = 129 n = 160 n = 163

PSP-RS Exploratory (DescribePSP) –0.71*** 0.51*** –0.26 0.36* 0.53*** 0.77***
n = 54 n = 54 n = 48 n = 34 n = 52 n = 54

Confirmatory (ProPSP) –0.71*** 0.63*** –0.56*** 0.53*** 0.58*** 0.93***
n = 51 n = 52 n = 52 n = 50 n = 52 n = 52

Joint analysis –0.74*** 0.64*** –0.41*** 0.47*** 0.59*** 0.86***
n = 105 n = 106 n = 100 n = 84 n = 104 n = 106

Variant PSP phenotypes Exploratory (DescribePSP) –0.69*** 0.74*** –0.45** 0.59* 0.81*** 0.94***
n = 33 n = 33 n = 28 n = 21 n = 32 n = 33

Confirmatory (ProPSP) –0.63** 0.40 –0.27 0.52* –0.01 0.78***
n = 24 n = 24 n = 24 n = 24 n = 24 n = 24

Joint analysis –0.66*** 0.59*** –0.36* 0.51** 0.52*** 0.89***
n = 57 n = 57 n = 52 n = 45 n = 56 n = 57

Spearman r correlation coefficients. N is the number of analyzed pairs.
All correlations were statistically significant, except for italic values (not significant): P values: * < 0.05; ** < 0.005; *** < 0.0001.
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FIG. 2. PSP-CDS performance. (A–C) Bar graphs of disease duration (A) and frequency distribution of PSP-CDS (B) and PSPRS scores (C). (D) Linear
regression of PSP-CDS total score against PSPRS total score. (E) Box and whiskers plot shows distribution of total PSP-CDS scores by ascending
SEADL quartiles. Boxes represent interquartile ranges; the horizontal line in the middle shows the median value. Whiskers show minimum and maxi-
mum values. (F) Pie charts depicting disease milestones reached according to PSP-CDS score progression (score divided into three equally sized sub-
groups [tertiles], corresponding to mild, moderate, and severe disease stage). Milestones were conceptualized based on PSPRS items N.3, N.5, and
N.26 and MoCA total score. *Ranging from cutting up tough foods to requiring artificial feeding. [Color figure can be viewed at wileyonlinelibrary.com]
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types in the entire study population (Supporting Infor-
mation S7).
Correlations of the PSP-CDS total score with

established clinical scales commonly used to monitor
disease severity in PSP were good to excellent, both in
the exploratory, confirmatory, and joint cohorts and
when analyzing all predominance types, PSP-RS, or
vPSP predominance types only (Table 2).
Specifically, the PSP-CDS total score was positively cor-

related with the PSPRS total score, for both PSP-RS and
vPSP phenotypes, in the entire study cohort (Fig. 2D).
Decreasing SEADL quartiles, indicating decreasing

ADLs, had increasing mean PSP-CDS total scores (Fig. 2E).

In turn, increasing PSP-CDS tertiles yielded higher
percentages of patients reaching predefined, clinically
meaningful disease milestones (Fig. 2F). These mile-
stones were the MoCA threshold suggestive of demen-
tia (<17),18,41,42 five or more falls per month,
dysphagia for solid foods, and regular use of a
walking aid.

Longitudinal Analysis: Sensitivity to Change
Twelve-month follow-up data were obtained from

51 patients, 2 of whom had to be excluded because of
incomplete data, leaving 49 patients for longitudinal

TABLE 3. Longitudinal analysis: sensitivity to change

Values at Annualized Difference

Standardized
Effect Size

30% Change
50%

Change

N Baseline Follow-up
Mean � SD (% of

baseline) P Value Sample Size
Sample
Size

Sex m/f, N (%) 49 31 / 18
(63/37)

n.a. n.a. n.a. n.a. n.a. n.a.

Age at
examination (y)

49 68.7 � 7.6 69.8 � 7.5 n.a. n.a. n.a. n.a. n.a.

(52–85) (53–86)
Disease duration
at examination
(y)

47 3.4 � 2.1 4.4 � 2.1 n.a. n.a. n.a. n.a. n.a.

(0–9) (1–9)
PSP-CDS Total 49 8.6 � 3.6 10.8 � 3.6 3.4 � 3.4 <0.0001 1.00 177 (205) 65 (75)

(3–19) (5–20) (39.5% � 39.5%)
A 49 1.2 � 0.7 1.6 � 0.8 0.8 � 1.3 <0.0001 0.65 410 (474) 148 (172)

(0–3) (0–3) (66.7% � 108.3%)
B 49 1.1 � 0.8 1.5 � 0.7 0.5 � 1.2 0.0039 0.45 855 (989) 309 (357)

(0–3) (0–3) (45.5% � 109.1%)
C 49 1.2 � 0.7 1.5 � 0.7 0.4 � 0.8 0.0232 0.45 854 (989) 309 (357)

(0–3) (0–3) (33.3% � 66.7%)
D 49 0.7 � 0.7 0.9 � 0.6 0.3 � 1.0 0.0712 0.28 2,228 803 (929)

(0–2) (0–2) (42.9% � 142.9%) (2578)
E 49 1.8 � 0.9 2.2 � 0.7 0.5 � 1.0 0.0080 0.49 726 (840) 262 (303)

(0–3) (0–3) (27.8% � 55.6%)
F 49 1.5 � 0.9 1.8 � 0.9 0.4 � 1.1 0.0972 0.31 1,813 (2099) 654 (757)

(0–3) (0–3) (26.7% � 73.3%)
G 49 1.1 � 0.7 1.5 � 0.8 0.6 � 1.0 0.0037 0.55 585 (677) 212 (245)

(0–3) (0–3) (54.5% � 90.9%)
PSPRS 49 31.9 � 13.4 39.2 � 14.7 10.8 � 9.4 0.0006 1.15 133 (154) 49 (56)

(11–75) (12–80) (33.9% � 29.5%)
PSP-QoL 32 30.0 � 15.2 39.1 � 19.5 13.1 � 27.0 0.0184 0.49 742 (859) 268 (310)

(3.8–75.0) (6.7–85.2) (43.7% � 90.0%)
PSPSS 46 2.5 � 1.0 3.0 � 0.9 0.5 � 1.0 0.0121 0.54 595 (689) 215 (249)

(1–4) (1–5) (20.0% � 40.0%)
UPDRS III 20 27.8 � 13.7 41.4 � 16.9 14.8 � 18.6 0.0063 0.79 278 (322) 101 (117)

(6–51) (16–79) (53.3% � 66.9%)
SEADL 49 61.8 � 24.5 51.2 � 24.0 –16.7 � 22.5 0.0023 –0.74 319 (370) 116 (134)

(10–90) (10–90) (27.0% � 36.4%)
MoCA 39 22.3 � 5.1 21.0 � 5.8 –1.7 � 5.6 0.1774 –0.31 1,853 (2144) 668 (773)

(10–28) (5–30) (7.6% � 25.1%)

Sample sizes required for a two-arm, 1-year follow-up therapeutic trial to detect 30% or 50% change.
Data statistics at baseline (BL) and follow-up (FU) as well as annualized rate of change, defined as follow-up scale score minus baseline score divided by time in
years, and power calculations. Estimated sample sizes needed to detect a 30% and 50% rate of change based on 80% power, two-sided, two-sample t test,
were calculated. Approximations of the sample size for the Mann-Whitney U test are given in parentheses. P values were calculated with t tests. Data are given
as mean � SD (range), unless indicated otherwise. N is the total number of patients.
n.a., not applicable; A, Akinesia-rigidty; B, Bradyphrenia; C, Communication; D, Dysphagia; E, Eye movements; F, Finger dexterity; G, Gait and balance.
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analyses (24 from DescribePSP, 25 from ProPSP). Their
demographic and clinical data are shown in Table 3.
Their diagnostic certainties and predominance types by
the MDS-PSP criteria are shown in Supporting Informa-
tion S2.
Annualized score changes and power calculations for

the PSP-CDS and established scales are shown in
Table 3. The PSP-CDS showed significant 1-year
change (baseline, 8.6 � 3.6; follow-up: 10.8 � 3.6;
annualized difference: 3.4 � 3.4; P < 0.001). The stan-
dardized effect size for the PSP-CDS (1.0) was similar
to the PSPRS (1.15). Sample sizes required per arm for
a two-arm, 1-year follow-up therapeutic trial to detect
50%-change were estimated to be 65 (two-sided, two-
sample t test).

Short Scale Versions
Statistical analysis of both shorter versions show very

similar performance as the PSP-CDS7x3 (Supporting
Information S10 and S11), with the exception of power
calculations, where both shorter versions had lower
sensitivity to change (Supporting Information S12): The
sample sizes required per arm for a two-arm, 1-year
follow-up therapeutic trial to detect 50% change in the
score progression (two-sided, two-sample t test) were
estimated to be 65 for PSP-CDS7x3, 88 for PSP-CDS7x2,
and 160 for PSP-CDS6x2.

Discussion

Based on a systematic analysis of the literature and
expert consensus, the PSP-CDS was conceptualized to
cover the broad clinical spectrum of PSP. Our aim was
to create a simple, straightforward scale, applicable to
all PSP phenotypes equally. One of our other most
important aspects was time efficiency compared to
other established PSP scales, while still trying to main-
tain excellent clinimetrics.
First, we assessed its psychometric properties and

usability. The most frequently rated score was 1 for
most items (Supporting Information S3), because our
patients were in relatively early disease stages (Table 1).
The only item with a peak score at 2 was “Eye
movements,” most likely because of its diagnostic hall-
mark nature for the disease. Floor and ceiling effects
were not observed (Fig. 2A–C). Based on cognitive
pretesting, we developed a PSP-CDS User Instruction
(Supporting Information S2), allowing the standardized
collection of information required for rating by a
semistructured interview with the patient and/or a reli-
able caregiver and a structured clinical examination.
Criterion and construct validity were demonstrated

by strong correlations of PSP-CDS items’ scores and
total scores with other patient- and physician-reported
outcomes. Correlations of the PSP-CDS total score

(Table 2) were strongest with the PSPRS (see also
Fig. 2D). A significant correlation with the PSP-QoL
suggests that the PSP-CDS also captures subjective and
quality-of-life–oriented aspects of the disease. The cor-
relation with the MoCA was weaker, maybe because
cognitive deficits in PSP involve mainly frontal and
executive dysfunction, apathy, and language
disorders,33,34,43-45 which are not the focus of the
MoCA. The PSP-CDS items Bradyphrenia and Commu-
nication aim to cover those functionally relevant cogni-
tive features. All correlations were similarly strong in
the PSP-RS and vPSP subgroups, suggesting that the
PSP-CDS—despite its shortness and unlike the PSPSS—
may be well suited for the broader spectrum of PSP pre-
dominance types. Correlations of the PSP-CDS with
other scales were strong for PSP patients with “proba-
ble” diagnostic certainty, whereas for “possible” and
“suggestive of” diagnostic certainties they were signifi-
cant only with PSPRS and SEADL (Supporting Infor-
mation S13). We ascribe this to the low numbers of
patients and high clinical heterogeneity in the “possi-
ble” and “suggestive of” patient groups and will follow
this up in future work.
All findings were comparable between the exploratory

and confirmatory cohort, as well as their joint analysis,
demonstrating the reproducibility. Decreasing indepen-
dence level, measured by ascending SEADL quartiles,
matched well with increasing PSP-CDS scores (Fig. 2E),
implying that the PSP-CDS measures features that lead
to increased dependency. In this context, further investi-
gations should be conducted to examine the correlation
of the PSP-CDS with caregiver burden. The ability of the
PSP-CDS to indicate functionally relevant restrictions in
daily living was further demonstrated by relating the
PSP-CDS total score to well-defined, functionally rele-
vant disease milestones (Fig. 2F). As a milestone for cog-
nitive decline, we used a predefined cutoff of the MoCA
score,18,41,42 which indicated increasing cognitive impair-
ment with increasing PSP-CDS scores (Fig. 2F). Consis-
tently, the correlation of PSP-CDS scores with the
MoCA scores (Table 2) and of the PSP-CDS
bradyphrenia item with the PSPRS mentation subscore
(Supporting Information S7) were both significant.
In summary, these analyses show that the PSP-CDS

captures clinical deficits reported by physicians and
experienced by the patient equally well.
Internal consistency (CA; Supporting Information S5)

was above the commonly requested threshold of 0.7 in
the joint analysis. Considering that CA measures the
mean correlation of the items among themselves, this
value probably reflects the heterogeneity of the items
that were chosen to cover deficits in the broad spectrum
of PSP predominance types, as well as the concision of
the PSP-CDS.46

Item-total correlations (Supporting Information S5)
were above common thresholds of 0.4 to 0.5,47,48
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demonstrating good homogeneity and cross-correlation
of the scale despite its modest CA. In patients with vPSP
phenotypes, who often display only limited symptoms
during the early stages, item-total correlations were
shown to be lower.
Inter-rater-reliability and test-retest-stability

(Supporting Information S6) were excellent, but have to
be interpreted with caution given our small sample and
possible recall effects. Intraclass correlation coefficients
indicated an excellent level of agreement,49-51

suggesting the PSP-CDS to consist of well-defined items
that are easy to understand and can be objectively
applied.
Correlations of individual items’ scores with similar

constructs (Supporting Information S7) confirm the
adequacy for measurement of the domains. Items were
intended to cover a broad range of ADL-relevant defi-
cits. For example, the communication item, designed to
capture PSP-related communicative disabilities resulting
from deficits in different neurological systems, corre-
lates well with both the withdrawal and dysarthria
items of the PSPRS.
To estimate the PSP-CDS’ disease progression sensi-

tivity, we conducted a longitudinal analysis over a
12-month period (Table 3). Annualized rates of change
for the total PSP-CDS versus baseline were significant
(+39.5%) and of similar magnitude as the PSPRS pro-
gression rate (+31.9%); however, this requires confir-
mation in independent and international research
settings. The individual PSP-CDS items Akinesia-rigid-
ity, Eye movements, and Gait & balance showed the
strongest 1-year progression, whereas Communication,
Dysphagia, Bradyphrenia, and Finger dexterity prog-
ressed less in our cohort. Given that our longitudinal
cohort mainly consisted of PSP-RS in earlier disease
stages, we might expect different progression rates of
individual subitems in later disease stages and in
cohorts with predominant vPSP patients.
Comparative power calculations of the scales col-

lected in our longitudinal data set (Table 3) showed
that the PSPRS requires the smallest sample size
(49 patients per arm for a two-arm, 1-year follow-up
therapeutic trial to detect a 1-year-50% change with a
two-sided, two-sample t test, an estimate that is in line
with previously published data).16 The PSP-CDS was
estimated to require slightly more patients (full PSP-
CDS7x3: 65 patients; short PSP-CDS7x2: 88 patients;
short PSP-CDS6x2: 160 patients). The UPDRS III
(101 patients) and SEADL (116 patients) were in a sim-
ilar range, but other scales required a notably higher
number of patients. Thus, the PSP-CDS might be useful
as a short and versatile tool to monitor disease status
and progression. The relatively low number of vPSP
patients in our longitudinal cohort does not allow one
to draw final conclusions on the usefulness of the PSP-
CDS for monitoring disease progression in vPSP

subgroups, requiring further longitudinal analyses with
a higher numbers of patients.
The PSP-CDS and the conducted analyzes have sev-

eral limitations. First, because of the shortness of the
PSP-CDS and the heterogeneity of symptoms captured
therein, it is unavoidable that some psychometric fea-
tures may be inferior to scales describing specific fea-
tures in greater detail. By focusing on the core features
from a broad spectrum of deficits in PSP, we risk neg-
lecting deficits that might have functional impact on
individual patients. On the other hand, the research
group decided purposefully to include only clinical defi-
cits considered to be most relevant to all PSP patients
after performing a systematic literature analysis, to
avoid distortions by including features which may be of
minor clinical relevance to most PSP-patients or only
present in a minority of patients.
A second limitation results from the predominant

outpatient setting of our study, limiting the number of
participating patients in late disease stages. This partici-
pation bias may have affected the clinimetric profile of
the dysphagia item, which is expected to progress par-
ticularly in later stages.
A third limitation is the fact that the PSP-CDS is a

physician-reported rather than a patient-reported scale.
Again, this format was based on a deliberate decision
to keep the scale as objective as possible in a disease
which is well-known to limit the self-evaluation of clini-
cal deficits attributable to frontal lobar cognitive dys-
function. On an exploratory basis, we have still tried to
add individual PSP-QoL items to the PSP-CDS, which,
however, compromised CA values. Also, it has to be
taken into consideration that patient-reported quality-
of-life scales often do not adequately reflect clinical
progression.52

Finally, we cannot exclude some interdependency of
the result of one scale from another in our data, given
that the same examiners rated all scales for individual
patients at the visits.
Moving toward the future, further validation in

larger cohorts and longer follow-up periods, as well
as more extensive psychometric evaluations including
Rasch analysis are warranted. As a start, however,
the PSP-CDS represents a reliable, valid, sensitive,
and easily applicable scale for both research and clin-
ical settings. Because of its well-defined clinical
domains and distinct response categories, it is easy to
memorize, while still broadly covering PSP pheno-
types. Major advantages of the PSP-CDS are its time
efficiency and lack of need for extensive training.
With good sensitivity to change and the broad cover-
age of patient-relevant clinical domains, the PSP-CDS
meets many objectives and requirements as a measure
for clinical care, for observational studies and for
therapeutic trials in PSP-RS as well as variant
phenotypes.
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