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Original research

A composite clinical motor score as a comprehensive
and sensitive outcome measure for

Parkinson’s disease

Christine Lo

ABSTRACT

Background An unmet need remains for sensitive
outcome measures in neuroprotective trials. The study
aims to determine whether a composite clinical motor
score, combining the Movement Disorders Society-
Unified Parkinson’s Disease Rating Scale (MDS-UPDRYS)
Il motor examination score, Purdue Pegboard Test,
and Timed Up and Go, provides greater sensitivity in
detecting motor change in early disease than the MDS-
UPDRS 1l alone.

Methods The Oxford Discovery longitudinal cohort
study involves individuals with isolated rapid eye
movement sleep behaviour disorder (iRBD) (n=272,
confirmed polysomnographically, median follow-up:
1.6 years), idiopathic Parkinson's disease (PD) (n=909,
median follow-up: 3.5 years, baseline: <3.5 years disease
duration) and controls (n=316, age-matched and sex-
matched, without a first-degree family history of PD).
Motor and non-motor assessments were performed at
each in-person visit.

Results Compared with the MDS-UPDRS Ill, the
composite clinical motor score demonstrated a wider
score distribution in iRBD and controls, lower coefficient
of variation (37% vs 67%), and higher correlation
coefficients with self-reported measures of motor
severity (0.65 vs 0.61) and overall health status (—0.40
vs —0.33). Greater score range in mild to moderate PD,
higher magnitude of longitudinal change in iRBD and
longitudinal score linearity suggest better sensitivity in
detecting subtle motor change. The composite clinical
motor score was more accurate than the MDS-UPDRS
ll'in predicting clinical outcomes, requiring 64% fewer
participants with PD and 51% fewer participants with
iRBD in sample size estimations for a hypothetical
18-month placebo-controlled clinical trial.

Conclusion The composite clinical motor score may
offer greater consistency and sensitivity in detecting
change than the MDS-UPDRS I

INTRODUCTION
To date, despite multiple neuroprotective treatment
trials, none has been definitively proven to alter
the progression of Parkinson’s disease (PD).! Their
failure, at least in part, has been blamed on the use
of insensitive endpoints and outcome measures.”*
The Purdue Pegboard Test,* a test of manual
dexterity with established use across disease and age
groups, has been associated with high test-retest
reliability (intraclass correlation coefficient (ICC)
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Key messages

What is already known on this topic?

= There remains an unmet need for sensitive
outcome measures in Parkinson’s disease
(PD) and isolated rapid eye movement sleep
behaviour disorder (iRBD).

What this study adds?

= We present a composite clinical motor score
and demonstrate its consistency and sensitivity
in detecting change, resulting in 64% reduction
in participants with PD and 51% reduction
in participants with iRBD required for a
hypothetical 18-month placebo-controlled
clinical trial.

How this study might affect research, practice

or policy

= The composite clinical motor score holds
promise for use in future neuroprotective trials
where it may assist in detecting subtle motor
change while permitting a reduction in sample
size.

>0.90).” It has been used to distinguish individuals
with PD from controls, with an area under the curve
(AUC=0.8) on par with that of movement disorder
ratings of the respective Unified Parkinson’s Disease
Rating Scale (UPDRS) III item® and in predicting
incident PD (HR 1.35, 95% CI 1.11 to 1.67) in a
large population-based study.”

Another semiquantitative test of motor func-
tion, the Timed Up and Go (TUG),® has been used
extensively in Parkinson’s, demonstrating good to
excellent test-retest and intrarater and inter-rater
reliability, with ICC estimates consistently in the
range of 0.87-0.99.7"! It is the most frequently
used test in the assessment of functional mobility in
PD and has been used to assess the efficacy of thera-
peutic interventions.'* ' There is some evidence to
suggest that it may have greater sensitivity to detect
change than the UPDRS III. A study that evaluated
the long-term effect of bilateral subthalamic nucleus
deep brain stimulation identified a greater improve-
ment in TUG scores with stimulation, compared
with UPDRS 1II assessed change in gait (70% vs
56% reduction in scores, respectively)."> Similarly,
in a randomised controlled trial assessing the effect
of intensive goal-based rehabilitation in addition
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to rotigotine, versus rotigotine alone, no differences in UPDRS
total, II or III scores were identified, in contrast to an improve-
ment in the TUG (p=0.03)."

Nonetheless, the original total UPDRS,'* superseded by the
Movement Disorders Society-sponsored revision of the UPDRS
(MDS-UPDRS)," and parts thereof, remains the most popular
outcome measures in clinical trials. Of MDS-UPDRS parts I-III,
it is the part III motor examination score that is associated with
the highest test-retest (intrarater) reliability.'® Concordance
between those rating the motor examination varies according to
the level of experience!” and the individual item being rated'®;
differences between raters can surpass the 3.25-point minimum
change associated with a clinically meaningful difference to
patients.’” ¥ Significant within-subject measurement error has
been noted when using the MDS-UPDRS III to track changes
in PD progression over time, with estimates of within-subject
reliability being lowest at 0.23 (95% CI 0.10 to 0.43) in the ON
state.”” Yet, despite the known weaknesses of the MDS-UPDRS
II1, in the absence of an alternative widely accepted measure of
PD motor severity, its popularity persists.

One of the critiques levelled at the MDS-UPDRS 1II in the
quantification of motor severity is its floor effect and insensi-
tivity when measuring early disease.”’ Abnormalities in semi-
quantitative motor testing have been found to predate and more
strongly predict phenoconversion in individuals with isolated
rapid eye movement sleep behaviour disorder (iIRBD) compared
with abnormalities detected on UPDRS/MDS-UPDRS III motor
examination (HR: 3.16 vs 3.03).”* Recognising the importance
of ancillary outcome measures, the TUG and Purdue Pegboard
Test are being used alongside the UPDRS as secondary outcome
measures in the phase II evaluation of ambroxol for treatment of
PD dementia.”

Hypothesis
We hypothesised that a composite clinical motor score,
combining the MDS-UPDRS III motor examination score, the
Purdue Pegboard Test and the TUG, would provide a more
comprehensive overview of individual participant symptom
severity and allow greater sensitivity in detecting motor change
in early disease than the MDS-UPDRS III alone.

To the best of our knowledge, this is the first study that under-
takes a detailed evaluation of a composite clinical motor score in
participants with iRBD and early-stage PD combined.

MATERIALS AND METHODS

Study participants

Data described pertain to participants within the previously
detailed UK Oxford Discovery study,** ** a longitudinal cohort
study involving individuals with (1) iRBD (polysomnographi-
cally confirmed in keeping with International Classification of
Sleep Disorders Third Edition criteria),?® recruited from three
sleep centres: John Radcliffe Hospital, Oxford; Royal Papworth
Hospital, Cambridge; and Royal Hallamshire Hospital, Shef-
field; (2) idiopathic PD (fulfilling the UK PD Brain Bank
criteria for probable PD*" and of less than 3.5 years disease
duration from diagnosis at the point of recruitment) recruited
from neurology clinics across the Thames Valley area; and (3)
age-matched and sex-matched controls (without a first-degree
family history of PD), the spouses and friends of participants
with PD. Other obligatory inclusion criteria included age >18
years old, fluency in English and the absence of cognitive impair-
ment/dementia that would preclude the provision of informed

consent. Recruitment was contingent on the provision of written
informed consent.

Clinical assessments

All participants were reviewed in person in clinic at base-
line. Fifty controls were invited to return for a further single
in-person assessment, with the rest of the control visits carried
out remotely via telephone. Participants with iRBD and PD were
preferentially seen in clinic at their 18 monthly assessments; tele-
phone assessments were carried out for participants unwilling
or unable to attend in person. Data from telephone assessments
were excluded from analyses given the absence of clinical motor
assessments.

The ensuing clinical motor assessments were performed exclu-
sively in person and included (1) the MDS-UPDRS III motor
examination®®; (2) the Purdue Pegboard Test,* where the total
score was calculated as the sum of the number of pegs inserted
over 30 s by (a) the left hand, (b) the right hand and (c) biman-
ually; (3) the TUG test,® the length of time taken to arise from a
chair, walk 3 metres in a straight line, turn and walk and sit back
down; (4) the Flamingo Test,” where the time an individual was
able to stand on their preferred leg (to a maximum of 30 s) was
measured; and (5) Hoehn and Yahr (H&Y) stage assessment.”®
All assessments were performed on existing medication.

Variables assessed and data reporting

The date of data download was 20 June 2020. Variables assessed
included the following: (1) demographic variables: age, sex and
disease duration from diagnosis; (2) researcher-assessed motor
variables: MDS-UPDRS III, Purdue Pegboard Test total, TUG,
Flamingo and H&Y; (3) researcher-assessed non-motor vari-
ables: MDS-UPDRS part IA researcher-administered non-motor
aspects of experiences of daily living and the Montreal Cogni-
tive Assessment®’; and (4) participant-reported variables: MDS-
UPDRS part IB self-reported non-motor aspects of experiences
of daily living, MDS-UPDRS II self-reported motor aspects of
experiences of daily living,"”” EQ-5D-3L including the Visual
Analogue Scale (VAS) rating of overall health,*® Freezing of Gait
Questionnaire,’' the number of falls in the preceding 6 months
and the need for help at home.

Missing data

Complete sets of data (MDS-UPDRS III, Purdue Pegboard Test
total and TUG) collected at in-person clinic visits were included
in the creation of the composite clinical motor score. Incomplete
sets of data were excluded from analyses (online supplemental
figure 1).

Statistical analyses

All analyses were conducted using MATLAB software (V.R2020a;
MathWorks, USA). SPSS (V.27.0) was used to generate online
supplemental figure 2.

Composite clinical motor score creation

Principal component analysis (PCA)** was applied to complete
sets of data (MDS-UPDRS III, Purdue Pegboard Test total and
TUG) from the controls and individuals with iRBD and PD, with
data contributed at different 18 monthly visits treated as indepen-
dent, using the MATLAB function pca, where [~, score, ~]=pca
(input_data). Documentation relating to the pca function may be
viewed at https://uk.mathworks.com/help/stats/pca.html and the
code underlying the pca function may be accessed by MATLAB
users by entering ‘open pca’ into the command window. With
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the aim of maximising the application of our results to external
data sets, an empirically chosen minimal number of three semi-
quantitative variables were fed into the PCA. Given its limited
use outside of the Oxford Discovery study, the Flamingo Test
was excluded from the creation of the composite clinical motor
score. H&Y stage was similarly excluded due to the blanket score
of 0 across individuals with iRBD and controls. We used PCA as
it is a commonly used unsupervised learning algorithm, whereby
the first principal component captures the maximum variance in
the data among all linear combinations of the constituent clin-
ical scores. The first principal component, explaining 65.5% of
the total variance, was selected to form the composite clinical
motor score. Values of the first principal component were scaled
through the subtraction of the minimum, division by the range
and multiplication by 100, such that composite clinical motor
scores lay on a scale from 0 to 100.

Evaluation schemata

Descriptive statistics, t-tests for continuous variables, %> tests
for categorical or ordinal variables, and Spearman’s correlation
coefficient when evaluating the strength of correlations between
two continuous variables were used. Where necessary, to allow
for the direct comparison between the composite clinical motor
score and the MDS-UPDRS III, both scores were standardised
through the subtraction of their corresponding mean and divi-
sion by their SD. Statistical significance was inferred from a two-
sided p<0.05.

An exhaustive and detailed validation was undertaken to
gauge the efficacy of the proposed composite clinical motor
score in providing a comprehensive overview of motor symp-
toms, by comparing it with the MDS-UPDRS III based on the
following seven criteria: (1) discrimination accuracy: the ability
to distinguish between the disease groups (controls, iRBD and
PD), whereby the accuracy was quantified using AUC values; (2)
consistency: using the coefficient of variation (SD/mean) as an
indicator of overall variability relative to the mean®*** and using
the weighted mean absolute percentage change (for control
participants who underwent baseline and repeat in-person
assessments: defined as the sum of each participant’s absolute
change in score between baseline and repeat assessments/the sum
of all baseline scores, with the value expressed as a percentage),
a measure akin to the weighted mean absolute percentage error
(WMAPE),* which allows the quantification of forecasting errors
relative to a ground truth, bypassing errors that would arise with
baseline values of 0, were the mean absolute percentage change
to be calculated; (3) correlation: measuring Spearman’s correla-
tion with other clinical measures; (4) sensitivity to disease stage:
change in the score values for different stages of disease severity
(as assessed via the H&Y stage); (5) longitudinal progression:
ability to track disease progression over time, for all participants
with iRBD and PD—additionally, for participants with PD, the
longitudinal standardised score trajectories according to baseline
cluster (PD cluster 1: fast motor progression with symmetrical
motor disease, poor olfaction, cognition and postural hypo-
tension; PD cluster 2: mild motor and non-motor disease with
intermediate motor progression; PD cluster 3: severe motor
disease, poor psychological well-being and poor sleep with
an intermediate motor progression; PD cluster 4: slow motor
progression with tremor-dominant, unilateral disease), as previ-
ously described, were also compared to determine whether the
trajectories were preserved across scores®®; (6) relative linearity:
as calculated by the wMAPE (the sum of the absolute difference
between the true and predicted scores, divided by the sum of the

true scores) of individualised linear predictions based on two or
more composite clinical motor scores from the same individual
at discrete time points being used to predict their composite
clinical motor scores at other time points; and (7) prediction
accuracy: ability to predict clinical outcomes, quantified using
AUC values, in PD including (a) falls (at least one self-reported
fall in the preceding 6 months), (b) freezing (a frequency of
freezing other than ‘never’; ie, a score of at least 1 in answer to
the question ‘Do you feel that your feet get glued to the floor
while walking, making a turn or when trying to initiate walking
(freezing)?’ on the Freezing of Gait Questionnaire), (c) cognitive
impairment (a score of 1 or more on MDS-UPDRS I item 1.1),
and (d) problems with self-care and performing usual activities
(a score of >1 on each EQ-5D-3L item, denoting the presence
of at least some problems).

Furthermore, the sample sizes necessary to detect a 50% effect
in a hypothetical 18-month placebo-controlled clinical trial were
calculated separately for the composite clinical motor score
and the MDS-UPDRS 1II to allow their comparison. Calcula-
tions were based on the assumption of a 50% effect over the
18-month treatment period, a 5% (two-sided) significance level
and an 80% power, and mean+SD progression as observed in
Oxford Discovery cohort participants (158 PSG-diagnosed
iRBD and 690 PD), where assessments in individuals with PD
were performed on their typical dopaminergic medication.
Sample size was allocated equally to the treatment and control
groups and assumed that data from all participants were valid
and usable.

RESULTS

Demographics

A total of 1497 participants contributed complete sets of data at
one or more visits (number of visits: controls, 362; iRBD, 591;
PD, 2898; median (IQR) years of follow-up: iRBD: 1.6 (0-3.2),
PD: 3.5 (1.3-5.6)). Baseline demographics are shown in table 1.
Male sex was over-represented in all three groups; the imbalance
was most marked in the iRBD group, in keeping with its known
epidemiology. The degree of motor impairment was greatest in
PD, followed by iRBD and then the controls. At baseline, 14%

Table 1 Baseline demographics

Control iRBD PD
Participants, n 316 272 909
Age 64.8 (10.1) 65.2 (8.8) 67.1 (9.6)
Male sex (%) 168 (53) 239 (88) 583 (64)
Disease duration from diagnosis - 1.3(1.7) 1.2 (0.9)
MDS-UPDRS III* 1.75 (2.7) 4.7 (4.1) 26.3(10.7)
Purdue Pegboard Test totalt 37.2 (6.8) 35.3(7.3) 28.7 (6.8)
Timed Up and Go# 8.1(1.7) 8.5(2.3) 9.7 (3.4)
Hoehn and Yahr§ 0.0 (0.0) 0.0 (0.0) 1.8 (0.5)
Montreal Cognitive Assessment] 26.7 (2.5) 25.1(2.8) 249 (3.3)

Clinical and demographic data are presented as mean and SD (in brackets).
98% of the participants identified their ethnicity as white.

*MDS-UPDRS Ill missing in 4 participants with iRBD and 11 participants with PD.
16 PD missing Purdue Pegboard Test total.

$23 participants with PD missing Timed Up and Go.

§Hoehn and Yahr stage missing in 2 controls and 3 participants with PD.

fiMontreal Cogntive Assessment missing in 5 controls, 2 participants with iRBD and
13 participants with PD.

iRBD, isolated rapid eye movement sleep behaviour disorder; MDS-UPDRS lIl,
Movement Disorders Society-Unified Parkinson'’s Disease Rating Scale IlI; PD,
Parkinson's disease.
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Table 2 Comparative accuracies in group separation at baseline

iRBD vs controls PD vs controls PD vs iRBD
Composite clinical 0.63 (0.58 t0 0.67) 0.94 (0.92 t0 0.95)  0.89 (0.86 to 0.91)
motor score
MDS-UPDRS lI 0.76 (0.72 to 0.80) 1.0 (0.99t0 1.00)  0.98 (0.98 t0 0.99)
Purdue Pegboard Test ~ 0.58 (0.53 to 0.63) 0.81(0.79t0 0.84) 0.75 (0.72 t0 0.78)
Timed Up and Go 0.54(0.49t00.58)  0.68 (0.64t0 0.71)  0.64 (0.60 to 0.68)

Values indicate the area under the curve value and 95% Cl as derived through a
bootstrapping approach.

At baseline, the ranges (mean (SD)) in composite clinical motor score were as follows:
controls: 1.4-31.4 (13.2 (4.2)); iRBD: 0-30.4 (16.5 (5.5)); PD: 7.5-65.5 (26.0 (7.7)).
iRBD, isolated rapid eye movement sleep behaviour disorder; MDS-UPDRS Ill, Movement
Disorders Society-Unified Parkinson’s Disease Rating Scale IlI; PD, Parkinson’s disease.
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Figure 1  Histograms illustrating the distribution by disease group of
(A) composite clinical motor scores and (B) MDS-UPDRS Il scores. iRBD,
isolated rapid eye movement sleep behaviour disorder; MDS-UPDRS Il
Movement Disorders Society-Unified Parkinson's Disease Rating Scale Ill;
PD, Parkinson’s disease.

of participants with PD were drug-naive; by the fifth 18-month
visit, all but one (who wished to remain off medication as long
as possible) were on dopaminergic medication. The mean (SD)
change in levodopa equivalent daily dose® per visit was 124
(131). Of the 899 participants with PD who had undergone clin-
ical baseline stratification as previously described,*® 295 (33%)
were in cluster 1, 153 (17%) in cluster 2, 214 (24%) in cluster 3,
and 237 (26%) in cluster 4.

Composite clinical motor score calculation

The following formula allows the calculation of the composite
clinical motor score from constituent MDS-UPDRS III, Purdue
Pegboard Test and TUG scores:

Composite clinical motor score=((MDS-UPDRS III-2
3.8829)%0.0377+(—1xPurdue+28.9286)x0.0739 +
(TUG-9.8746)%x0.1414+3.8239) %X 6.0946.

A spreadsheet calculator is provided in online supplemental
material to ease calculation.

Group separation at baseline

Through the identification and application of simple thresh-
olds to distinguish groups, the composite clinical motor score
was associated with greater accuracies in discriminating iRBD
or PD from the controls and PD from iRBD than either the
Purdue Pegboard Test or TUG, although accuracies were less
than for the MDS-UPDRS III (table 2 and online supple-
mental table 1). Compared with the MDS-UPDRS III where a

floor effect was observed, the composite clinical motor score
showed a wider score distribution for iRBD and controls
(figure 1). No ceiling effect was observed for both scores.

Consistency
The coefficient of variation, across data from all participants,
associated with the composite clinical motor score (37%)
was lower than that associated with MDS-UPDRS parts I
(participant-reported motor severity) (78%) and III (subjec-
tive clinician-rated motor severity) (67%), indicating lower
variability relative to the mean; values were similar to those
associated with semiquantitative measures of motor severity,
namely the Purdue Pegboard Test (28%) and TUG test (38%).
Forty-six control participants returned for a second in-person
assessment and contributed data allowing the calculation of a
composite clinical motor score. The second in-person control
assessment was performed a mean (SD) of 3.7 (1.4) years after
the baseline visit. From baseline, there was a mean (SD) increase
in MDS-UPDRS III score of 0.7 (1.3) points per year compared
with baseline scores of 2.2 (2.5). Comparatively, the mean (SD)
increase in composite clinical motor score was 0.2 (0.9) points
per year compared with baseline scores of 13.7 (4.3). The
weighted mean absolute percentage change in the MDS-UPDRS
I was 142% compared with 19% in the composite clinical
motor score.

Correlation with other clinical measures

Significant (p<0.001) correlations were evident between the
MDS-UPDRS 1III and the Purdue Pegboard Test (r=—0.58) and
the MDS-UPDRS III and the TUG (r=0.44). The correlation
coefficients (p<0.001) between the Purdue Pegboard Test and
MDS-UPDRS 1II finger tapping and hand movement subitems
ranged from —0.44 to —0.41; those between the TUG and
MDS-UPDRS 1II arising from chair and gait subitems were 0.54
and 0.48, respectively.

Unsurprisingly, high correlation coefficients (absolute r=0.70-
0.86) were observed between the composite clinical motor score
and its constituent clinical scores (MDS-UPDRS III, Purdue
Pegboard Test and TUG). Correlations with the Flamingo Test,
MDS-UPDRS II and EQ-5D-3L VAS rating of overall health
were higher with the composite clinical motor score compared
with the MDS-UPDRS III (figure 2).

Change with PD disease severity

Across disease groups, compared with the standardised MDS-
UPDRS 1II (scaled by subtracting the mean then dividing by the
SD to facilitate the direct comparison between scores), the IQR
of standardised composite clinical motor scores at baseline was
larger (wider boxes) for lower H&Y stages (online supplemental
figure 2), detecting greater variation, particularly in milder
disease.

Ability to track disease progression on a group level

A wider score range for a given disease duration was evident
particularly in early iRBD, where additionally the magnitude
of change over time was greater with the composite clinical
motor score compared with the MDS-UPDRS 1II (figure 3A).
There was no difference between standardised composite
clinical motor score and MDS-UPDRS III score ranges for
a given PD disease duration (figure 3B) or in linearly fitted
longitudinal standardised score trajectories according to base-
line cluster (online supplemental figure 3 and online supple-
mental table 2).
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Relative score linearity on an individual level

Ninety-three individuals with iRBD and 564 individuals with PD
contributed data at three or more visits. The wMAPE of indi-
vidualised linear predictions for the composite clinical motor
score was around half that of the MDS-UPDRS III (composite
wMAPE: iRBD 22%, PD 18%; MDS-UPDRS III wMAPE:
iRBD 60%, PD 34%) (online supplemental figure 4), suggesting
greater score linearity.

Clinical outcome prediction

Falls, freezing, problems with self-care and usual activities were
predicted with significantly greater accuracy by the composite
clinical motor score compared with the MDS-UPDRS III score
(table 3).

Table 3 Comparative clinical outcome prediction accuracies

Composite clinical motor score MDS-UPDRS IlI

Falls* 0.70 (0.67 t0 0.73) 0.64 (0.61 t0 0.67)
0.72 (0.69 to 0.75) 0.66 (0.63 to 0.69)
Cognitive impairment 0.63 (0.61 to 0.65) 0.59 (0.57 to 0.61)
Self-care* 0.75 (0.73 t0 0.77) 0.70 (0.68 t0 0.72)
0.69 (0.67 t0 0.71) 0.64 (0.62 to 0.66)

Freezing*

Usual activities*

*Non-overlapping 95% Cl.
MDS-UPDRS I, Movement Disorders Society-Unified Parkinson’s Disease Rating Scale Il
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Table 4 Sample size estimations for detection of a 50% effect in a hypothetical 18-month placebo-controlled clinical trial

Population Primary endpoint

18-month change from baseline (CV, %) Total sample size (per group)

% benefit of using the composite clinical motor score

PD MDS-UPDRS part Il 2.96+10.04 (339.19)
Composite clinical motor score  2.37+4.85 (204.64)
iRBD MDS-UPDRS part Il 3.08+7.74 (251.30)

Composite clinical motor score  2.52+4.43 (175.79)

1450 (725) 64% fewer participants
528 (264)
794 (397) 51% fewer participants
392 (196)

CV, coefficient of variation in percentage defined as the ratio of SD to the mean (average); iRBD, isolated rapid eye movement sleep behaviour disorder; MDS-UPDRS I, Movement Disorders

Society-Unified Parkinson'’s Disease Rating Scale III; PD, Parkinson's disease.

Sample size calculation

For detection of a 50% effect in a hypothetical 18-month
placebo-controlled clinical trial, 64% fewer participants with
PD and 51% fewer participants with iRBD were estimated
to be required using the composite clinical motor score as
an outcome measure compared with the MDS-UPDRS III
(table 4).

DISCUSSION

There remains a critical need for novel clinical trial outcome
measures, with the sensitivity to detect subtle change, improving
on the subjectivity of existing, yet popular, clinical scales.
We describe the creation of a composite clinical motor score,
rooted in detailed clinical assessments from a combined total of
1497 individuals, including those with iRBD, PD and controls.
Compared with the MDS-UPDRS III, the composite clinical
motor score is associated with (1) slightly worse group discrimi-
nation accuracies; (2) lower variability relative to the mean and
a lower percentage change relative to baseline on repeat assess-
ment in control participants, indicating improved score consis-
tency; (3) equivalent or superior correlation with other clinical
measures; (4) greater score variability for a given PD stage
(particularly in milder disease); (5) greater score variability for
a given disease duration in iRBD and magnitude of change over
time; (6) superior accuracy of individualised longitudinal linear
score predictions; and (7) superior accuracy in the prediction
of clinical outcomes of falls, freezing, problems with self-care
and usual activities. Sixty-four per cent fewer participants with
PD and 51% fewer participants with iRBD were estimated to
be required for clinical trials using the composite clinical motor
score as an outcome measure compared with the MDS-UPDRS
I1I.

A greater sensitivity of the composite clinical motor score to
detect subtle motor change is suggested by its greater magni-
tude of change over time as well as its greater score variability
in iRBD and in the milder stages of PD, relative to the MDS-
UPDRS III. Acknowledging that true disease progression is not
necessarily linear,” ** although an assumption made by many
studies,® ***? the superior accuracy of linear predictions applied
to the composite clinical motor score suggests greater consistency
of measurement, with greater within-individual MDS-UPDRS
III score variability over time being attributed to measurement
inaccuracies rather than true disease variation alone. A reflec-
tion of the consistency of the composite clinical motor score,
significant reductions were seen in the sample sizes necessary to
demonstrate treatment effects compared with MDS-UPDRS I1I,
suggesting promise for future clinical trial use. This is particu-
larly pertinent for emerging adaptive trial designs (eg, multiarm,
multistage), whereby interim analyses at short time intervals
resulting in different arm modification or closure due to lack of
efficacy are needed.”

Limitations
While created from one of the largest deeply phenotyped
control, iRBD and PD data sets worldwide, the composite
clinical motor score will benefit from further evaluation
in external data sets. Although our results so far suggest a
particular strength of the composite clinical motor score in
the quantification of mild motor impairment, its relevance to
individuals with advanced disease remains to be elucidated. As
with each of its constituent scores (MDS-UPDRS III, Purdue
Pegboard Test and TUG), the composite clinical motor score
quantifies motor impairment independent of its aetiology and
any effect of ageing. With the greater ability of the composite
clinical motor score to detect subtle motor change, motor
impairment is detected in individuals who would otherwise
have been awarded a score of 0 using the MDS-UPDRS III; the
trade-off is a reduction in group separation accuracies due to
the increase in overlap between the different groups. In PD,
score change over time is evaluated using longitudinal data
relating to a median follow-up of 3.5 (Q1-Q3: 1.3-5.6) years.
However, the absence of paired off/on assessments within
the Discovery study, across all clinical assessments of motor
function, prevented the assessment of the natural history
of motor impairment in PD and medication response using
the composite clinical motor score; determining the score
difference associated with clinically meaningful change will
be important if it is to be considered as an outcome measure
in future therapeutic trials. While the superior ability of the
composite clinical motor score in predicting clinical outcomes
in PD adds to its value, it remains to be seen whether important
clinical milestones, such as the point and nature of phenocon-
version, may also be predicted in individuals with iRBD.
Barriers to the application of the composite clinical motor
score in routine clinical practice include the necessity to measure
all three constituents (MDS-UPDRS III, Purdue Pegboard Test
and TUG); of questionable feasibility considering typical time
constraints, though used by a number of research studies to
date.”” ** Refinement of the composite clinical motor score,
through the identification and exclusion of redundant constit-
uents or their subitems, may be the subject of future work.
One approach we are investigating to directly address the time
constraint concern is the use of smartphone motor testing®
(involving the automated 10 min assessment of voice, balance,
gait, reaction time, dexterity, rest tremor and postural tremor)
to predict the composite clinical motor score. In doing so, it is
hoped that clinicians and patients alike may be equipped with
the tools to derive objective measures of motor severity, not only
in clinics but at home, paving the way to more informed person-
alised treatment decisions and potentially increasing the engage-
ment of patients in their care.

CONCLUSION
The composite clinical motor score combines the MDS-UPDRS
M1, Purdue Pegboard Test and TUG, three clinical assessments of
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motor severity, to yield a score that demonstrates greater consis-
tency and sensitivity to change than the existing gold standard
outcome measure. Further work is indicated to explore its appli-
cation to clinical trials.
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