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ABSTRACT: Background: In PD, tremor severity
behaves differently from other core motor features. How-
ever, the most commonly used assessment of overall
motor severity, total MDS-UPDRS Motor Examination
(Part 3) score, does not account for this distinction.
Objectives: To investigate the Motor Examination (Part
3) using Item Response Theory approaches focusing on
sample-independent strategies that assess how well
items measure latent models of PD motor severity.
Methods: Data from 6,298 PD patients were analyzed
with graded response model Item Response Theory
approaches involving two analyses all 33 Part 3 items
versus the 10 tremor items and 23 bradykinesia, rigidity,
gait, and posture items considered separately. The
strength of relationship between items and the latent
measure of parkinsonian motor severity (discrimination
parameter) and calculated thresholds (location parame-
ters) were assessed using the mirt program implemented
in R (R Foundation for Statistical Computing, Vienna,
Austria).

Results: Analyzing all Part 3 items together, nontremor
items demonstrated good discrimination parameters
(mean = 1.83 � 0.37) and range of thresholds (–1.73 to
+4.42), but tremor items had poor discrimination
(mean = 0.52 � 0.76) and thresholds (–0.69 to 14.29).
Segregating nontremor from tremor items in two inde-
pendent analyses provided markedly improved discrimi-
nation and location parameters for both.
Conclusions: MDS-UPDRS Part 3 tremor and nontremor
items have very different relations to the construct of PD
severity. Strongly improved clinimetric properties for Part
3 are obtained when tremor and nontremor items are
considered separately. We suggest that evaluating PD
motor severity, as an operationalized summary measure,
is best attained through separate analyses with tremor
and nontremor motor scores. © 2020 International
Parkinson and Movement Disorder Society
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Most rating scales are designed to consider the key
components of a given disease and provide an

operational ranking of the intensity of impairment or
disability related to each component.1 Always residing
behind these measures are the conceptual framework of
the disease itself and its severity, so that a summary
severity score of the components provides an overall
index of the disease severity. This method is particu-
larly logical and effective when all components of the
disease relate to a common pathophysiology. In
Parkinson’s disease (PD), there is a long history of rat-
ing scale application, but also a historical acknowledg-
ment that tremor severity is often quite different than
other core features of the disease, namely bradykinesia,
rigidity, posture, gait, and balance impairment sever-
ities. In clinical presentation, disease progression, phar-
macological response, surgical response, and relation
with other nonmotor attributes of PD, tremor severity
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has continually been considered as potentially distinct
from nontremor PD manifestations.2

In this context, a core rating scale issue for PD that
needs refinement is how to measure the construct of
overall disease severity when the disease itself has the
potential to have two archetypically different pheno-
typic components, each potentially with its own sever-
ity. Most pronounced in the two polarized designations
“tremor-predominant” and “akinetic-rigid” PD,2 the
problem of arriving at a total motor assessment of PD
severity in the context of dichotomies between tremor
and nontremor rating items exists for rating all patients
with PD.
The International Parkinson and Movement Disorder

Society revision of the UPDRS (MDS-UPDRS) has
become the most widely used scale for measuring par-
kinsonian symptoms in clinical and research practice.3

The scale has extensive clinimetric support, but the
original validation studies of the MDS-UPDRS, and
most of the subsequent examinations, were conducted
in the framework of Classic Test Theory (CTT).4-8 This
framework examines item-level relationships and the
way items group together to assess domains.9 With
CTT, clinimetric properties of reliability are commonly
examined by assessing the strength of the relationship
of individual items to the total scale (item-to-total cor-
relations), amount of scale variance attributable to the
influence of individual items (Cronbach’s alpha), and
reliability of item scores across different observers
(inter-rater reliability) or across observations (intrarater
reliability). Validity assessments typically examine the
domain coverage of the items (content validity), dimen-
sionality of the items (construct validity), or the relation-
ship of scores to other measures of similar constructs
(concurrent, convergent, or criterion validity).10

Although CTT-based studies of the MDS-UPDRS
have been fruitful, the framework is limited by a reli-
ance on the relationship of the items within a given
sample-dependent context. Because of this dependency,
varying results will likely emerge when different sam-
ples are examined. An alternate, but more complex,
approach to examining clinimetric properties is Item
Response Theory (IRT).11

The framework for IRT differs from CTT in that the
measurement characteristics of the items and scores are
calibrated to a sample-independent latent model of dis-
ease severity.12 Whereas CTT approaches may demon-
strate items clustering into a single factor relating to the
total score, the IRT approach examines the relationship
of item scoring to a latent model of disease severity.
This approach allows for person-invariant examination
of item- and scale-score relations to the magnitude of
the latent model of severity, by differentiating individ-
ual phenotypic characteristics from symptoms related
to an individual’s underlying latent (or hidden) variable
to the pattern of responses to the items on the scale.13

Importantly, if items or item clusters chart disease
severity differently than other items or clusters, IRT will
identify these patterns, allowing clinicians to consider
strategies of data analysis to rectify the statistical
discord, leveraging the metrics provided by the clinical
rating scales.14

The use of IRT as an approach to examine clinimetric
properties of the MDS-UPDRS is recent, with methodo-
logical variability in the IRT models used, characteris-
tics of PD samples studied, and portions of the scale
used in the analyses. Most of these studies use longitu-
dinal data from the Parkinson’s Progression Marker
initiative,15-18 a cohort of early-stage PD patients who
do not require treatment at baseline and are followed
longitudinally. The majority of these studies applied
IRT methods to examine longitudinal change of either
total scale scores or unique combinations of different
items of the MDS-UPDRS. None of these studies exam-
ined a cross-sectional cohort of PD patients with the
full gamut of disease severity, using traditional scoring
methods for the most commonly used outcome
measure,3 the Motor Examination of the MDS-UPDRS.
The purpose of the present study was to apply a

graded response IRT model to analyze the items of the
MDS-UPDRS Part 3 Motor Examination scores as typi-
cally applied in clinical and research settings to a large,
cross-sectional, international sample of patients with
PD. This allowed us to test whether overall motor
severity is best captured with a single score or with
tremor and nontremor severities calculated separately.
In the latter case, considering the tremor and
nontremor scores separately might provide more sensi-
tive measures depending on the context.

Patients and Methods
Sample

The data from the MDS-UPDRS translation program
were used in this study to analyze the 33 items of the
MDS-UPDRS Part 3 Motor Examination. The MDS-
UPDRS translation program,19 initiated in 2007, is an
ongoing international program sponsored by the MDS
designed to develop and validate translations of the
MDS-UPDRS. To date, the scale has been successfully
translated into 14 languages. The process involves
translation into the native language; independent
back-translation from the native language into English;
cultural harmonization through cognitive pretesting;
and validation of the translation requiring a sample of
at least 350 complete examinations using the translated
scale. Examiners for the translated scale are required to
complete the MDS-UPDRS online training certificate pro-
gram offer by the MDS (https://www.movementdisorders.
org/MDS/MDS-Rating-Scales/Training-Programs.htm).
Those translations meeting established criteria for
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confirmatory factor analyses are considered validated
MDS-UPDRS versions.19 The data are collected at only
one time point, and no longitudinal follow-up is
conducted.
This study consisted of 6,684 records from a cohort

that included a heterogeneous sample of patients diag-
nosed with PD and considered native speakers from
14 different languages. The inclusion criteria included a
diagnosis of PD according to UK Brain Bank criteria
and fluent speakers of the native language. Participants
were excluded if they were not diagnosed with PD or
were not native speakers of the language of the transla-
tion. The MDS-UPDRS was administered in a single
visit. Demographic data (age, sex, and race) and disease
history (duration of PD) data were collected for all sub-
jects. Information on the use of medications for treating
the symptoms of PD was not available.

Statistical Analysis
A graded-response IRT approach was conducted

using the multidimensional IRT mirt R statistical pro-
gram (R Foundation for Statistical Computing, Vienna,
Austria).20 In the context of Part 3 of the MDS-UPDRS,
IRT approaches use a categorical model to develop a
latent-trait measure of overall parkinsonian motor
severity, representing the underlying disease severity.
Applying a graded-response model, a particular
response option of each item within the scale can be
assessed for its relationship to this latent model and the
probability of response for a person with trait level.
The relationship was determined by five parameters—
the discrimination parameter and the four location
parameters. The discrimination parameter corresponds
to the inverse of the residual variability of the item,
where higher discrimination value means that the item
is more powerful for determining the individual’s over-
all parkinsonian motor severity. The magnitude of the
discrimination parameter import can be judged using
the following criteria: none = 0; very low = 0.01 to
0.34; low = 0.35 to 0.64; moderate = 0.65 to 1.34;
high = 1.35 to 1.69; very high = >1.70; and per-
fect = +∞.21 The location parameters—also called diffi-
culty parameters—indicate the probability threshold for
the transitioning of an item score from 0 to 1 (from
normal to slight), from 1 to 2 (from slight to mild),
from 2 to 3 (from mild to moderate), and from 3 to
4 (from moderate to severe) in relation to the latent-
trait measure of overall parkinsonian motor severity.
The relationship between item score transition proba-
bility and the latent measure of overall parkinsonian
motor severity can be graphically represented in item
characteristic curves (ICCs). In this study, this method
was used to measure changes in the individual item
scaling profiles, and it was expected that the location
for each ascending transition will increase along the

latent measure of parkinsonian motor severity
(see the Supporting Information for equations utilized
in the mirt program for calculating discrimination and
location parameters).
We conducted two separate IRT analyses. The first

analysis explored the discrimination and location
parameters for all 33 items from the MDS-UPDRS Part
3 when considered as a unidimensional model. The sec-
ond analysis looked at the 10 items measuring tremor
and the 23 items measuring bradykinesia, rigidity, gait,
and posture, when considered as a multidimensional
model. We compared the unidimensional to the multi-
dimensional model using the likelihood ratio test (χ2).
The Bayesian information criterion (BIC) was used as
transformations of the likelihood ratio test, where
lower values indicate better fit to the model22 (see the
Supporting Information for examples of the mirt pro-
gramming for these analyses).
To assess the ability to estimate the scores of the

10 tremor items from both the unidimensional model
and the multidimensional model, we adopted various
graphical diagnostics. Specifically, the mirror plots
compare the observed proportion of response in each
category of each tremor item (one plot for each item) to
the proportion estimated from models. The scatter plots
compare these proportions of all 10 tremor items. To
assess the goodness of fit, we compare the fit obtained
based on the predicted ICCs for each tremor item from
the unidimensional model to the fit obtained from the
multidimensional model and displayed these effects in
goodness-of-fit plots.

Results

From an original set of 6,684 records of MDS-
UPDRS Part 3 scores, our study utilized the 6,382
records with full data on all 33 items. The study sample
included 53% men, a mean age of 65.6 (�10.6), mostly
white (74%), and an average education of 11 years
(�4.8). The mean duration of PD was 7.7 (�5.9) years.
The mean MDS-UPDRS Part 3 score was 33.7 (�18.3)
with the prevalence of individuals in the early and mod-
erate stages of the disease (H & Y Stage Median: 2;
range, 1–5; Table 1).
We first analyzed all 33 items of Part 3 of the MDS-

UPDSR in a unidimensional model. This analysis required
54 iterations (goodness-of-fit: log-likelihood = –215,933;
BIC = 433,312), and the discrimination and threshold
values for all 33 items are presented in Table 2. The dis-
crimination parameters were “very high” for items mea-
suring bradykinesia, arising from chair, gait, and global
spontaneity of movement, and “high” for items measur-
ing rigidity and posture (mean, 1.83 � 0.37). Items mea-
suring tremor had “very low” and “low” discrimination
scores (mean, 0.52 � 0.08). The location parameters for
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the 33 items reflected a sizeable range of underlying
symptom severity with a range for nontremor items from
–1.73 to 4.42 and a range of –0.69 to 14.29 for tremor
items. Threshold values are represented in the ICCs
(see Supporting Information Fig. S1A).
Given the marked difference in discrimination and

location parameters between the nontremor and
tremor items, we conducted two additional analyses.
The first was to assess whether a multidimensional
model using two dimensions resulted in an improved
fit. The second was to conduct a factor analysis of
the two dimensions using an unweighted least squares
extraction with a varimax rotation. The multidimensional
analysis required 250 iterations (goodness-of-fit: log-
likelihood = –207462; BIC = 416,650). Comparison of
the unidimensional versus the multidimensional
models indicated a significantly superior fit for the
multidimensional model (χ2 = 16,942.75; df = 32;
P ≤ 0.0005). Exploration of the structure of the multi-
dimensional model revealed two parsimonious factors,

TABLE 1. Demographic characteristics of the sample

Variable PD Cohort (n = 6,382)

Sex, N (%)
Male 53
Female 47
Age, years
Mean (SD) 65.6 (�10.6)
Race, N (%)
White 74
Education, years
Mean (SD) 11.1 (�4.8)
PD duration, years
Mean (SD) 7.7 (�5.9)
MDS-UPDRS-Part 3
Mean (SD)

33.7 (�18.3)

H & Y stage, N (%)
1 13
2 49
3 27
4 9
5 2

SD, standard deviation.

TABLE 2. Discrimination (Discrim) and item location parameters for all MDS-UPDRS Part 3 Items in the unidimensional model

Items Discrim

Item Location

0 to 1 1 to 2 2 to 3 3 to 4 Mean SD

3.1 Speech 1.39 –0.97 0.91 2.41 4.08 1.61 2.15
3.2 Facial expression 1.43 –1.73 0.28 2.10 3.81 1.12 2.38
3.3a Rigidity neck 1.39 –0.55 0.79 2.22 3.72 1.55 1.84
3.3b Rigidity RUE 1.28 –1.23 0.47 2.40 4.42 1.52 2.44
3.3c Rigidity LUE 1.40 –1.05 0.47 2.20 4.19 1.45 2.26
3.3d Rigidity RLE 1.51 –0.61 0.68 2.19 3.80 1.52 1.91
3.3e Rigidity LLE 1.58 –0.61 0.61 2.06 3.65 1.43 1.84
3.4a Finger tapping—right hand 1.92 –1.30 0.13 1.37 2.89 0.77 1.78
3.4b Finger tapping—left hand 2.16 –1.23 –0.02 1.13 2.63 0.63 1.65
3.5a Hand movements—right hand 2.09 –1.01 0.35 1.59 3.13 1.02 1.77
3.5b Hand movements—left hand 2.27 –1.01 0.22 1.41 2.77 0.85 1.62
3.6a Pronation supination—right hand 1.98 –1.01 0.33 1.56 2.94 0.96 1.69
3.6b Pronation supination—left hand 2.03 –1.08 0.16 1.31 2.67 0.77 1.60
3.7a Toe tapping—right foot 2.14 –1.02 0.28 1.38 2.61 0.81 1.55
3.7b Toe tapping—left foot 2.17 –1.09 0.09 1.14 2.40 0.64 1.49
3.8a Leg agility—right leg 2.40 –0.73 0.50 1.55 2.67 1.00 1.45
3.8b Leg agility—left leg 2.49 –0.80 0.33 1.33 2.48 0.84 1.40
3.9 Arising from chair 1.89 0.05 1.14 1.80 2.55 1.39 1.06
3.1 Gait 1.85 –1.27 0.41 1.58 2.70 0.86 1.70
3.11 Freezing of gait 1.52 0.64 1.52 2.38 3.04 1.90 1.04
3.12 Postural stability 1.52 –0.24 0.73 1.34 2.79 1.16 1.27
3.13 Posture 1.58 –1.25 0.42 1.77 3.16 1.03 1.88
3.14 Global spontaneity of movement 2.21 –1.45 0.04 1.23 2.63 0.61 1.74
3.15a Postural tremor—right hand 0.52 0.60 4.46 7.46 12.09 6.15 4.85
3.15b Postural tremor—left hand 0.58 0.52 3.96 7.18 10.86 5.63 4.42
3.16a Kinetic tremor—right hand 0.50 1.23 5.22 9.47 13.19 7.28 5.18
3.16b Kinetic tremor—left hand 0.52 0.97 4.57 9.04 13.07 6.91 5.27
3.17a Rest tremor—RUE 0.44 1.00 3.48 6.58 11.55 5.65 4.55
3.17b Rest tremor—LUE 0.54 0.91 3.04 5.88 9.75 4.90 3.82
3.17c Rest tremor—RLE 0.47 3.06 5.53 9.02 14.29 7.98 4.87
3.17d Rest tremor—LLE 0.59 2.75 4.81 7.70 12.19 6.86 4.09
3.17e Rest tremor—Lip 0.65 3.36 5.49 8.11 9.79 6.69 2.84
3.18 Constancy of rest tremor 0.39 –0.69 1.88 4.10 6.61 2.98 3.12

RUE, right upper extremity; LUE, left upper extremity; RLE, right lower extremity; LLE, left lower extremity; SD, standard deviation.
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with the 23 nontremor items loading on one factor
(minimal factor loading: 0.541) and the 10 tremor
items loading on the second factor (minimal factor

loading = 0.441). No items demonstrated dual-factor
loadings ≥0.30 (Table 3).
When we investigated the IRT discrimination and

location parameters for the 10 tremor items from Part
3 of the MDS-UPDRS considered separately from the
23 nontremor items, the discrimination parameters for
the tremor items increased from low to high or very
high (mean = 2.13 � 0.49). The location parameters
revealed an improvement in range, representing a rea-
sonable relationship between item score and the latent
trait of overall parkinsonian severity (location parame-
ter means ranging from –0.12 to 5.29; Table 4). The
ICCs for this analysis can be found in the Supporting
Information (see Supporting Information Fig. S1B).
Estimation of the scores of the 10 tremor items from

both the unidimensional model and the multi-
dimensional model is presented in mirror plots and
scatter plots, and suggest that the observed mean pro-
portion of response in each category of each tremor
item was sufficiently estimated by both the uni- and
multidimensional models and the standard errors were
very small because of the large sample size (see
Supporting Information Figs. S2 and S3). Figure 1 com-
pares the goodness of fit of the item 3.17a (Rest tremor
amplitude-RUE) from the unidimensional model (upper
panels) and the multidimensional model (lower panels).
It suggests that the multidimensional model better fits
the observed data of item 3.17a than the unidimen-
sional model. The same conclusion holds for other
tremor items (see Supporting Information Figs. S4
and S5).

Discussion

Since its introduction in 2007, the MDS-UPDRS has
undergone extensive clinimetric examination with very
satisfactory results analyzed under the CTT principles.4

Given the wide and complex scope of psychometric

TABLE 3. Item factor loading for all MDS-UPDRS Part 3
Items in the multidimensional model

Items Factor 1 Factor 2

3.1 Speech 0.653
3.2 Facial expression 0.644
3.3a Rigidity neck 0.616
3.3b Rigidity RUE 0.556
3.3c Rigidity LUE 0.606
3.3d Rigidity RLE 0.644
3.3e Rigidity LLE 0.671
3.4a Finger tapping—right hand 0.718
3.4b Finger tapping—left hand 0.774
3.5a Hand movements—right hand 0.748
3.5b Hand movements—left hand 0.789
3.6a Pronation supination—right hand 0.732
3.6b Pronation supination—left hand 0.757
3.7a Toe tapping—right foot 0.775
3.7b Toe tapping—left foot 0.796
3.8a Leg agility—right leg 0.807
3.8b Leg agility—left leg 0.835
3.9 Arising from chair 0.754
3.10 Gait 0.751
3.11 Freezing of gait 0.692
3.12 Postural stability 0.690
3.13 Posture 0.688
3.14 Global spontaneity of movement 0.788
3.15a Postural tremor—right hand –0.739
3.15b Postural tremor—left hand –0.682
3.16a Kinetic tremor—right hand –0.670
3.16b Kinetic tremor—left hand –0.593
3.17a Rest tremor—RUE –0.863
3.17b Rest tremor—LUE –0.812
3.17c Rest tremor—RLE –0.791
3.17d Rest tremor—LLE –0.771
3.17e Rest tremor—Lip –0.711
3.18 Constancy of rest tremor –0.897

Factor loading ≤0.30 are not displayed.
RUE, right upper extremity; LUE, left upper extremity; RLE, right lower
extremity; LLE, left lower extremity.

TABLE 4. Discrimination (Discrim) and item location parameters for the 10 tremor items of MDS-UPDRS Part 3 considered
separately

Items Discrim

Item Location

0 to 1 1 to 2 2 to 3 3 to 4 Mean SD

3.15a Postural tremor—right hand 1.95 0.28 1.68 2.65 4.03 2.16 1.58
3.15b Postural tremor—left hand 1.86 0.27 1.70 2.89 4.17 2.26 1.67
3.16a Kinetic tremor—right hand 1.66 0.53 2.04 3.48 4.68 2.68 1.80
3.16b Kinetic tremor—left hand 1.45 0.47 2.03 3.78 5.29 2.89 2.09
3.17a Rest tremor—RUE 2.53 0.37 1.08 1.85 2.95 1.56 1.10
3.17b Rest tremor—LUE 2.57 0.40 1.14 2.00 3.02 1.64 1.13
3.17c Rest tremor—RLE 2.07 1.10 1.86 2.81 4.17 2.49 1.32
3.17d Rest tremor—LLE 2.20 1.16 1.89 2.82 4.19 2.52 1.31
3.17e Rest tremor—lip 1.86 1.61 2.48 3.48 4.11 2.92 1.10
3.18 Constancy of rest tremor 3.12 –0.12 0.58 1.10 1.59 0.79 0.73

RUE, right upper extremity; LUE, left upper extremity; RLE, right lower extremity; LLE, left lower extremity; SD, standard deviation.
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approaches outside of CTT, each allowing new analyses
and the application of statistical tests anchored in
different models, we have utilized the polytomous
IRT technique, the graded response model, to focus
specifically on the most widely reference portion of the
scale, the Motor Examination.1 We used this analytical
model to assess the contribution of items that, in their
multiple responses, assess motor severity through accu-
rate measurements grounded on the same overall
metric, the latent-trait model.13 If there is a single and

unifying disease severity that is captured by all the
items, a high metric severity value can be tallied. If, on
the other hand, individual or clusters of items separate
from the rest of the scale, two different measurements
of disease severity are likely embedded in the overall
measurement, and separating them for independent
consideration may provide more accurate information
on motor severity.23,24

The specific issue of interest in our study was dis-
secting the Motor Examination in an IRT framework in

FIG. 1. Plots display the ICC fits of the cumulative probabilities of the item 3.17a (Rest tremor amplitude-RUE) from the unidimensional model (upper
panels) and the multidimensional model (lower panels). Red dots indicate the observed mean response proportions. The panels with “1” (left most col-
umn) show the values with scores 0 and ≥ 1; the panels with “2” (second column) show values with scores ≤1 and ≥2; the panels with “3” (third column)
show values with scores ≤2 and ≥3; and the panels with “4” (fourth column) show values with scores ≤3 and 4. RUE, right upper extremity. [Color figure
can be viewed at wileyonlinelibrary.com]
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order to define, in a cross-section cohort of patients
expressing the full gamut of disease severity, the items
and responses calibrated to a sample-independent latent
model of PD. Our finding, that tremor and nontremor
items distinctly separate across the gamut of the disease,
provides a strong rationale for viewing disease progres-
sion and therapeutic treatments in the light of separate
effects on these two indices or groupings. Disease sever-
ity, defined, by a summary score that coalesces all Part
3 items is, in fact, balancing deficits in two separate
domains so that 2 patients with the same total score
may reflect equal deficits across all items or a very dif-
ferent phenotype with disproportionate severities of
tremor versus nontremor. Likewise, in a longitudinal
assessment, a stable total severity score may accurately
indicate clinical stability, but may also hide salient
information on differential progression or treatment
response for tremor or nontremor impairments. These
findings indicate the need to consider Part 3 as a total
summary inventory, but the analytical approaches in
prospective studies may need to consider tremor items
and nontremor items separately.
As background, previous CTT examinations of the

Motor Examination (Part 3) demonstrated an invariant
single-factor construct,5,7 independent of the other
Parts, and within this single factor, seven subgroupings
covering axial and appendicular bradykinesia, rigidity,
gait, posture and action, and postural and resting
tremor. Comparatively, previous IRT examinations of
the MDS-UPDRS have focused on longitudinal analyses
in a cohort of patients followed from <3 years of onset
for up to 4 years of follow-up. These studies have com-
bined items from the separate Parts of the MDS-UPDRS
in nontraditional scoring methods, often combining
examiner administered items of nonmotor functional
impact and motor examination with patient reported
measures of nonmotor and motor functional impact on
experiences of daily living. For this study, we analyzed
the MDS-UPDRS Part 3 Motor Examination items
from a large worldwide representative sample of PD
patients expressing the full gamut of disease severity,
using the traditional scoring of the examiner adminis-
tered motor examination (Part 3). We used an IRT
model because of its ability to assess the relationships
between item scores and a sample-invariant estimate of
overall parkinsonian severity using latent-trait model-
ing. We applied the graded response model to estimate
the discrimination and location parameters for all poly-
tomous items of Part 3. Items measuring rigidity,
bradykinesia, gait, and posture presented satisfactory
parameters of discrimination and location, docu-
menting a high or very high relationship to motor
severity with appropriate scaling to the latent measure.
However, the 10 items measuring tremor presented
unsatisfactory results when included with those items
assessing bradykinesia, rigidity, gait, and posture. The

low to very low discrimination, along with the poor
location parameters of the tremor items, demonstrates
an inadequate mapping of these items to the overall
latent model of parkinsonian motor severity when com-
bined with the other 23 items. This finding suggests
that tremor items add “noise” in the total score of Part
3 for modeling overall parkinsonian severity when com-
bined with the items assessing bradykinesia, rigidity,
gait, and posture. Likewise, these latter items add noise
to the overall severity of parkinsonism determined by
tremor items considered by themselves.
When we tested this theory by comparing the unidi-

mensional model to a multidimensional model, we
found clear superiority for the two-dimensional model.
The multidimensional model clearly separated the
23 items measuring rigidity, bradykinesia, gait, and
posture from the 10 items measuring tremor with no
cross-loadings across factors. When the 10 tremor items
were analyzed separately, there was a considerable
improvement in discrimination, from Fabrozzi-based
rankings of very low or low to high or very high, and a
normalization of the location parameters to a reason-
able range.21 These results are consistent with the
improved accuracy of responses on the latent character-
istic continuum confirmed by the multidimensional
model. Taken together, these results suggest that the
sensitivity of Part 3 is categorically improved by consid-
ering the tremor items separately from those assessing
bradykinesia, rigidity, and posture.
As mentioned before, a study that used the IRT’s

Rasch model to assess psychometric aspects of MDS-
UPDRS Parts 2 and 3 in early-stage PD patients showed
psychometric limitations that compromise the accuracy
of motor symptom measurements and their impact in
early PD. The results for Part 3 identified measurement
weaknesses for various items, including facial expres-
sion, speech, posture, gait, and tremor, for PD patients
in the early disease course.18 Our results differ because,
in addition to using the IRT’s graded-response model,
which is better suited for the MDS-UPDRS analysis, we
extend the findings across the full gamut of motor
severity of PD patients and identify items that evaluate
tremor as specifically more sensitive when analyzed sep-
arately from nontremor items.
Recognition of this division is already established in

empirical definitions of the PD subtypes of tremor-
dominant versus posture instability and gait disor-
der.2,25 From a clinical point of view, clinicians may
agree that tremor behaves differently from bradykinesia
and rigidity. In the clinic, we send subjects with severe
tremor, often unresponsive to medication, for DBS even
though for most patients, we expect DBS to do no more
than levodopa at its best efficacy in terms of item-by-
item improvement in MDS-UPDRS Part 3 scores. Treat-
ment and pathophysiological differences between
tremor and nontremor symptoms are also observed.
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Marked tremor is often not responsive to dopaminergic
therapy and does not appear to be related to dopami-
nergic deficiency in early PD.26 Cellular recordings
demonstrate tremor-related extrabasal ganglia activity
in the ventralis intermedius nucleus of the thalamus.27

The definition of the domain of a scale is one of the
first phases of its development and is based on the most
current knowledge about the construct that is being
studied.23,24 Our results demonstrate that within the
domain of PD motor severity, assessments of tremor
may be best considered separately from assessments of
bradykinesia, rigidity, posture, and gait. Practically
speaking, if two distinct behaviors underpin one final
disease severity, what is the clearest and most interpret-
able measure of this dichotomous reality? We suggest
that if the MDS-UPDRS were to be revised again, the
single Motor Examination score may be revised to
tremor and nontremor divisions.
For current applications, this cross-sectional finding

should be replicated in other dataset by separating the
tremor items from the nontremor items to provide more
sensitive measures of the underlying trait of PD motor
severity related to each set of items. The increased sensi-
tivity of separating tremor and nontremor measures
may improve the outcome of clinical trials where the
total Part 3 Motor Examination score is used as the pri-
mary outcome measure of efficacy. As such, a treatment
with little effect on nontremor aspects of PD, but with
substantive antitremor efficacy, could be identified easily
and with a reduced sample size. Agents that positively
impact the tremor domain, but actually aggravate the
nontremor domain, could be potentially modified bio-
chemically to eliminate the problematic moiety impacting
nontremor function, but retain the antitremor impact.
Differential impact of placebo treatment on these two
aspects of PD severity has never been studied, but is a
subject of pertinent interest for study design and power
calculation projections. To assess this potential increased
sensitivity, application of this multimodal conceptualiza-
tion of MDS-UPDRS Part 3 scores in longitudinal studies
will need to be examined.
Despite the limitations inherent in the cross-sectional

design of our study, and the limited enrollment of severe
cases (with only 2% of the patients on H & Y stage 5),
our results demonstrate that the focused use of appropri-
ate statistical tools can assist in uncovering the item-level
associations to a latent measure of PD severity. The lack
of extensive disease history information, such as current
medications and dosages, limit our analyses to the mani-
festation of the motor impairment regardless of treat-
ment regimens. The results do not refute the findings of
the CTT analyses of Part 3 demonstrating a single factor
structure. Rather, our findings increase our understand-
ing of the underlying relationship between scale items
and the sample-independent measurement of PD motor
severity, whereby tremor items appear to have a separate

relationship to underlying PD severity from items
assessing bradykinesia, rigidity, posture, and gait.
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