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Abstract: Background: The MDS-UPDRS Parts IB and Il are self-reported items providing a direct patient voice
to the experiences of PD.

Objective: To determine the most sensitive combination of MDS-UPDRS Parts IB and Il items that accurately
predicted the clinically relevant target of dopaminergic therapy initiation.

Methods: Utilizing a longitudinal cohort of de novo non-treated PD patients, we applied item response theory
(IRT) and survival analysis to assess the relationship between baseline patient-reported symptoms and the later
initiation of dopaminergic therapy. The 20 MDS-UPDRS Parts IB and Il items were analyzed for their relationship
to PD severity (discrimination) and the amount of information they provided in this determination (information).
These parameters were used to develop models of predictive accuracy for initiation of dopaminergic therapy.
Results: A six-item version showed a significantly higher C-index as compared to the full 20 item model

(P = 0.001). This shortened version of the MDS-UPDRS contained only Part |l items and provided a predictive
accuracy for initiation of dopaminergic therapy better than the total combined scale score or any other
combination.

Conclusions: A six-item “Baseline Outcome Voice” version of patient-reported MDS-UPDRS items significantly
increases the sensitivity of predicting the key future clinical outcome of starting dopaminergic treatment in
early PD. This study also demonstrates how IRT modeling can provide information useful to refining existing
measures to identify the most sensitive combination of items honoring the voice of the patient in determining
key clinically pertinent decisions. Further research is needed to validate these findings in underrepresented

populations.

In the era of personalized medicine, Parkinson’s Disease
(PD) management increasingly leans on the patient’s perception of
disease impact. Patient-reported outcomes in the form of question-
naires completed solely by the patient are important for understand-
ing disease impact on daily life. The Movement Disorder
Society-Sponsored Revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS)' serves as a comprehensive tool for
assessing PD, including patient questionnaire items from Part IB
(non-motor experiences of daily living) and II (motor experiences
of daily living) that offer direct insights into the patient experience.
When applied in early PD, these questionnaire-based items, vali-

.. . . .0 .
dated clinimetrically as a 20-item unit”, offer a baseline assessment

of self-perceived function that may predict long-term outcomes
such as the initiation of dopaminergic therapy”.

Recent studies have identified limitations of the MDS-UPDRS
for use in early disease™®. These limitations had led to increased
efforts to refine the scale to target early PD progression, with
heightened global interest in maximizing the sensitivity of MDS-
UPDRS item combinations associated with high prediction rates
of clinically-pertinent outcomes’. These efforts have increasingly
focused on functional impact as assessed through the voice of the
patient’. Item Response Theory (IRT) is a statistical method
which allows for the development of modeling strategies to iden-

tify the sensitivity of individual items in measuring disease specific
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markers of progression. Application of this method can test if
there are patient-reported outcome (PRO) item combinations
that are superior to the full 20-item unit of combined Parts IB
+ II relative to targeted outcomes such as the initiation of dopa-
minergic therapy. Time efficiency, reduction in testing-fatigue,
and a wider field application, both epidemiological and public
health-related, would be distinct added advantages of a shorter
inventory of superior predictive ability. Further, in a given patient,
if the baseline score on the short battery helped to predict 1-year
or 2-year likelihoods of needing dopaminergic therapy, clinicians
could better guide patients at their initial visit and researchers
could apply this information to study design and stratification
decisions in early disease clinical trials. This study tested if a shorter
combination of baseline MDS-UPDRS patient-reported items
increases the sensitivity to predict the initiation of PD medication
and provides working examples of its application in a clinical

setting.

Methods

Study Population
Training Cohort

For the training cohort, we selected individuals diagnosed with
PD within 2 years prior to their baseline screening from three
studies: Parkinson’s Progression Marker’s Initiative (PPMI)®,
Study of Urate Elevation in Parkinson’s Disease, Phase
3 (SURE-PD3)’, and the Oxford Discovery Cohort'’. Detailed
information of these three studies can be found in the
corresponding literature. This timeframe was chosen because it
provides a sufficient sample size for robust analysis while still cap-
turing the early stages of the disease. Specifically, the number of
patients with a disease duration of 1 year or less was insufficient
for a meaningful analysis, necessitating the extension to a 2-year
cut-off.

We selected the de novo patients and excluded patients who
had dopaminergic therapy at baseline and those who had missing
baseline MDS-UPDRS Parts IB and II scores. The primary out-
come was the time from baseline until the initiation of dopami-
nergic therapy. Patients without dopaminergic therapy during
the follow-up period were treated as right-censored and the sur-
vival time was set as the last visit time from baseline. In summary,
we included a total of 1,209 patients (887, 73.4% patients started
dopaminergic therapy in follow-up visits) and 5,185 visits before
the dopaminergic therapy; 536 patients were from the PPMI
study, 295 patients were from the SURE-PD3 study (147 from
the inosine group and 148 from the placebo group), and
378 patients were from the Oxford Discovery Cohort. Since the
inosine treatment did not significantly alter the MDS-UPDRS
scores, we pooled the participants from the inosine and placebo
group in the SURE-PD3 study. The mean follow-up time was
1.16 years, with a standard deviation of 1.28 years.

Validation Cohort

We included patients with early PD diagnosis at baseline from
the STEADY-PD3 study''. Using similar inclusion and exclu-
sion criteria, we selected a total of 318 participants (266, 83.6%
patients started dopaminergic therapy in follow-up visits) and
788 visits before the dopaminergic therapy; 160 participants were
from the isradipine group, and 158 participants were from the
placebo group. Because the isradipine treatment did not signifi-
cantly alter the MDS-UPDRS scores, we pooled the participants
from the isradipine and placebo group. The mean follow-up
time was 1.11 years, with a standard deviation of 0.97 years.

Statistical Analysis

We calculated the discriminatory power of MDS-UPDRS Parts
IB and II items regarding PD severity levels using an item
response theory (IRT) model. Furthermore, the Item Informa-
tion Function (IIF) was utilized to identify which items yielded
the most significant insights into severity. Items were ranked
based on their discrimination parameters and IIF values, optimiz-
ing our model’s ability to predict the initiation of dopaminergic
therapy. This approach ensures a focus on items that most effec-
understanding  and

tively contribute to managing PD

progression.

Discrimination and Information
Function of MDS-UPDRS Parts IB
and Il Individual Items

Unidimensional Cross-Sectional IRT Model

We used a unidimensional cross-sectional IRT model to evaluate
the latent variable theta as a measure of the underlying patient-
reported disease severity at baseline. We considered 7 items from
MDS-UPDRS Part IB (Item 1.7 to 1.13, sum score ranging
from 0 to 28) and 13 items from MDS-UPDRS Part II (Item
2.1 to 2.13, sum score ranging from 0 to 52). The graded
response model measures the relationship between each of the
item responses and the latent variable theta via the logit link and
five parameters: one discrimination parameter and four location
parameters. The discrimination parameter quantifies how well
the item discriminates the latent patient-reported severity. The
location parameters quantify the probability threshold of
transitioning from 0 to 1 (normal to slight), 1 to 2 (slight to
mild), 2 to 3 (mild to moderate), and 3 to 4 (moderate
to severe). For model identifiability, we assumed the latent vari-
able theta followed a normal distribution with mean zero and
variance 1.

We adopted the Markov Chain Monte Carlo (MCMC) algo-
rithm implemented in software Stan (version 2.28)'? via interface
in R statistical program (version 4.1.2)", to obtain posterior sam-
ples from the unidimensional cross-sectional IRT model. We
used 2 MCMC chains, each of which had 3000 iterations and
2000 warm-up iterations. We used the scale reduction parameter
R-hat to diagnose the model convergence, where an R-hat less
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than 1.1 suggested a satisfactory convergence. We computed the
mean, standard deviation, and 95% credible intervals of the dis-
crimination and location parameters based on the 2000 posterior
samples.

ltem Ranking

We obtained the standardized discrimination parameter for each
item, measured by the estimated discrimination parameter
divided by the maximum value of the discrimination
parameter from the 20 Parts IB and II items. Moreover, we com-
puted the item information function (IIF)"*, which quantifies the
precision with which an item measures different levels of PD
severity. Higher IIF values indicate items that are informative in
assessing and understanding PD severity’s manifestation. The IIF
was computed via summing the observed Fisher’s information
across all participants. We calculated the standardized IIF, similar
to the standardized discrimination parameter. We obtained the
average of the standardized discrimination parameter and stan-
dardized IIF for each item. We ranked the averages from the
smallest rank to the largest rank, with a smaller rank suggesting

better discrimination and precision.

Prediction of Initiation of
Dopaminergic Treatment

We used the Cox proportional hazards model to assess the associ-
ation of the sum scores of the selected items with the risk of
dopaminergic therapy initiation. In the Cox model, we included
the following covariates: baseline age, sex (Male as the reference
sex), baseline PD duration (in years), and baseline Hoehn & Yahr
stage (0 or 1 as the reference stage), as well as the standardized
sum score from the selected items. The items were selected based
on the cumulative inclusion of the items from the smallest rank
to the largest rank. The standardized sum score was computed as
the sum score from the selected items divided by the maximum
possible score (ie, 4 times the number of selected items).

We obtained the cumulative concordance index (C-index)'
based on the ranking of the 20 items from MDS-UPDRS Parts
IB and II. The C-index measured how well the predicted sur-
vival outcome agreed with the observed status. We used the
Wald test' to examine the statistical significance of the C-index
with the full model (Model B, with the standardized sum score
from all 20 items) and set the Type-I error as 0.05. We selected
the final model (Model A) with the highest C-index.

In addition to estimating the item level C-index, we estimated
the population-average prediction of the risk-free probability of
dopaminergic therapy initiation at 12 months and 24 months for
both Model A and Model B. We also computed the area under
the receiver operating characteristic (AUC, measuring how well
the model discriminated participants with or without events)'’
and the Brier score'® (BS, measuring how well the estimated sur-
vival probability agreed with the observed survival status). A
higher value of AUC and lower value of BS suggested a better
discrimination and calibration of the model.

150 MOVEMENT DISORDERS CLINICAL PRACTICE 2025; 12(2): 148-156. doi: 10.1002/mdc3.14229

Model Validation and
Individualized Prediction

We validated the results of our final model (Model A) using the
STEADY-PD3 study. We computed the population-average
prediction of the risk-free probability, as well as the AUC and
BS values at 12 months and 24 months for both Model A
and Model B.

We also showcased two examples of individualized prediction.
We presented the risk-free probability of the dopaminergic ther-
apy initiation for two individuals, based on their baseline age,
sex, PD duration, and Hoehn & Yahr stage and the sum scores
from the final model (Model A). We presented a “what-if” sce-
nario for the scores changing from mild to severe.

Results
Baseline Characteristics

Table 1 presents baseline demographic and clinical data for the
training cohort, comprising PPMI, SURE-PD3, and Oxford
studies, and the wvalidation cohort from the STEADY-PD III
study. The cohorts were comparable in age and Hoehn & Yahr
stages. Notably, the training cohort had a lower proportion of
males (60.5% vs. 67.6%, P = 0.023) and higher sum scores
of Part IB (5.0 vs. 4.1, P<0.001), Part II (6.3 vs. 5.2,
P < 0.001), and Parts IB & IT (11.3 vs. 9.3, P < 0.001), indicat-
ing more severe PD symptoms at baseline compared to the vali-
dation cohort. These differences, however, did not meet the

established criteria of a minimal clinically important difference."®

Discrimination and Information
Function of MDS-UPDRS Parts IB
and Il Individual Items

We fit the unidimensional cross-sectional IRT model to 1,209 par-
ticipants from the PPMI, SURE-PD3, and Oxford studies. The
standardized discrimination parameter and item information func-
tion (IIF) statistics are displayed in Table 2. The item 2.11 (Get
Out of Bed/Car/Deep Chair) had the largest mean of the standard-
ized discrimination and IIF, suggesting that item 2.11 showed the
strongest discrimination and precision of the patient-reported dis-
ease severity among all 20 items from the MDS-UPDRS Parts 1B
and II. The item 2.10 (Tremor) had the smallest mean of the stan-
dardized discrimination and IIF, suggesting the weakest discrimina-
tion and precision.

Prediction of Dopaminergic
Treatment Initiations

Table 3 displays the cumulative concordance index (C-index) and
p-values based on the item ranking for the 20 items from
MDS-UPDRS Parts IB and II. Inclusion of the items 2.11 (Get
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TABLE 1 Baseline demographic and clinical characteristics for the Training Cohort from the PPMI, SURE-PD3, and Oxford studies, with the

STEADY-PD III study as the Validation Cohort.

Training Cohort Validation Cohort P-value**

Sample size, N 1209 318

Age (y) 62.6 (9.5) 62.2 (9.1) 0.607
Male sex 732 (60.5%) 215 (67.6%) 0.023
HY stage (median, range) 2 (1-3) 2 (0-2)* 0.070
MDS-UPDRS Part IB sum score 5.0 (3.6) 4.1 (3.0) <0.001
MDS-UPDRS Part II sum score 6.3 (4.6) 5.2 (3.9) <0.001
MDS-UPDRS Parts IB&II sum scores 11.3 (7.3) 9.3 (5.9) <0.001

Note: Data are mean =+ standard deviation or n (%). Y, years; HY, Hoehn & Yahr; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale;
PPMI, Parkinson’s Progression Markers Initiative; SURE-PD3, Study of Urate Elevation in Parkinson’s Disease, Phase 3; Oxford, The Oxford Discovery Cohort;

STEADY-PD III: Safety, Tolerability, and Efficacy Assessment of Isradipine in PD.

*In the STEADY-PD III study, only one participant had a baseline H&Y stage of 0. We used the H&Y stage 0 or 1 as the reference stage in the survival analysis.

**For testing the baseline differences between the pooled dataset and STEADY-PD III study, we used the two-sample t-test for continuous variables (ie, age, MDS-
UPDRS Part IB, Part II, Part IB&II), and we used the Fisher’s exact test for categorical variables (ie, sex and H&Y stage).

TABLE 2 Standardized discrimination parameter and item information function (IIF) of MDS-UPDRS Parts 1B and II items from the
unidimensional cross-sectional IR'T model based on the PPMI, SURE-PD3, and Oxford studies.

Name Item Discrim CI IIF Std. Discrim  Std. IIF  Mean Rank
2.11 Get Out of Bed/Car/Deep Chair 1.926 1.676,2.183  662.0 0.991 1.000 0.995 1
2.8 Doing Hobbies/Other Activities 1.944 1.724,2.202  603.7 1.000 0.912 0.956 2
2.12 Walking and Balance 1.732 1.501, 1.977 529.5 0.891 0.800 0.845 3
2.5 Dressing 1.614 1.413,1.846  540.6 0.830 0.817 0.823 4
2.6 Hygiene 1.619 1.390, 1.884  460.4 0.833 0.695 0.764 5
2.4 Eating Tasks 1.527 1.321, 1.766  463.7 0.785 0.700 0.743 6
1.13 Fatigue 1.553 1.343,1.756  427.0 0.799 0.645 0.722 7
2.9 Turning in Bed 1.638 1.399, 1.890  326.7 0.843 0.494 0.668 8
2.13 Freezing 1.651 1.327,2.018 1335 0.849 0.202 0.525 9
1.9 Pain and Other Sensations 1.254 1.091, 1.416  247.1 0.645 0.373 0.509 10
2.1 Speech 1.184 1.003, 1.365  255.0 0.609 0.385 0.497 11
1.8 Daytime Sleepiness 1.102 0.954,1.266  267.3 0.567 0.404 0.485 12
2.3 Chewing and Swallowing 1.149 0.929,1.393 177.8 0.591 0.269 0.430 13
1.12 Light Headedness on Standing 0.948 0.778,1.133  170.3 0.488 0.257 0.372 14
1.10 Urinary Problems 0.917 0.771, 1.064  149.6 0.472 0.226 0.349 15
2.7 Handwriting 0.929 0.792,1.066  139.2 0.478 0.210 0.344 16
2.2 Saliva and Drooling 0.895 0.743,1.043  146.8 0.460 0.222 0.341 17
1.7 Sleep Problems 0.807 0.668, 0.941  106.0 0.415 0.160 0.288 18
1.11 Constipation Problems 0.720 0.567,0.871  106.7 0.370 0.161 0.266 19
2.10 Tremor 0.425 0.285, 0.556 19.3 0.219 0.029 0.124 20

Abbreviations: Discrim, discrimination parameter; CI, 95% credible intervals; IIF, item information function; Std. Discrim, standardized discrimination parameter; Std. IIF,
standardized item information function; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; PPMI, Parkinson’s Progression Markers
Initiative; SURE-PD3, Study of Urate Elevation in Parkinson’s Disease, Phase 3; Oxford, The Oxford Discovery Cohort.

Out of Bed/Car/Deep Chair), 2.8 (Doing Hobbies/Other Activi-
ties), 2.12 (Walking and Balance), 2.5 (Dressing), 2.6 (Hygiene),
and 2.4 (Eating Tasks), in the final model (Model A) had the
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highest C-index of 0.583. The final six-item model (Model A)
also showed a significantly higher sensitivity to predicting initia-
tion of dopaminergic therapy as compared to the full 20-item
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TABLE 3  Cumulative concordance index (C-index) and P-values based on the item ranking for the 20 items from MDS-UPDRS Parts 1B and 11

based on the PPMI, SURE-PD3, and Oxford studies.

Name Item Rank C-index P-value (reduced vs full)
2.11 Get out of bed/car/deep chair 1 0.568 0.788
2.8 Doing hobbies/other activities 2 0.570 0.544
2.12 Walking and balance 3 0.573 0.236
25 Dressing 4 0.579 0.010
2.6 Hygiene 5 0.582 0.002
2.4 Eating tasks 6 0.583 0.001
1.13 Fatigue 7 0.578 0.007
2.9 Turning in Bed 8 0.578 0.006
2.13 Freezing 9 0.578 0.006
1.9 Pain and other sensations 10 0.574 0.033
2.1 Speech 11 0.575 0.011
1.8 Daytime sleepiness 12 0.572 0.063
2.3 Chewing and swallowing 13 0.572 0.039
1.12 Light headedness on standing 14 0.569 0.291
1.10 Urinary problems 15 0.567 0.807
2.7 Handwriting 16 0.570 0.096
22 Saliva and drooling 17 0.571 0.011
1.7 Sleep problems 18 0.566 0.629
1.11 Constipation problems 19 0.566 0.433
2.10 Tremor 20 0.567 =

Abbreviations: PPMI, Parkinson’s Progression Markers Initiative; SURE-PD3, Study of Urate Elevation in Parkinson’s Disease, Phase 3; Oxford, The Oxford Discovery

Cohort.

model (Model B, C-index = 0.567, p-value = 0.001) based on
the full Parts IB and II. Thus, Model A (with item 2.11, 2.8, 2.12,
2.5, 2.6, 2.4) was selected as the final model. For communication
efficiency, we term the six-item aggregate from Part II of the vali-
dated MDS-UPDRS as “Baseline Outcome Voice”. This baseline
assessment, exclusively informed by patients’ voice, markedly
enhances sensitivity in predicting a relevant clinical outcome, rep-
resenting a significant advancement in predictive accuracy for early
PD management.

In Table 4 (upper panel), we showed the population-average
prediction of the risk-free probability of dopaminergic therapy
initiation at 12 months and 24 months for Model A and Model
B using the training dataset. Table 4 (upper panel) showed that
the population-average prediction of the risk-free probability was
0.791 (95% CI: 0.761, 0.823), the AUC value of 0.606, and the
BS value of 0.173 for Model A at 12 months. For Model A at
24 months, the population-average prediction of the risk-free
probability was 0.460 (95% CI: 0.413, 0.512), the AUC value of
0.618, and the BS value of 0.237 using the training dataset. The
AUC values for Model A at 12 months and 24 months were
higher as compared to the AUC values for Model B, and the BS
values were lower as compared to Model B. These results
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suggested that Model A with only 6 items performed as well as
the full set in Model B in the discrimination and calibration mea-
surements at both 12 and 24 months.

Model Validation

For model validation, we applied the trained Model A and
Model B to the validation dataset: STEADY-PD3 study. Table 4
(lower panel) displays the population-average prediction of the
risk-free probability for Model A and Model B at 12 months and
24 months on the validation dataset. Table 4 (lower panel)
showed that Model A had a higher value of AUC at 12 months
(0.575 vs 0.555) and at 24 months (0.617 vs 0.602) as compared
with Model B and close BS values. These results suggested that
Model A had consistently higher discrimination and close calibra-
tion performances as compared to Model B on the validation
dataset.

Individualized Prediction

We showcased two examples of the individualized prediction of
the risk-free probability based on the final model (Model A) at
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TABLE 4  Population-average prediction of the risk-free probability of dopaminergic therapy initiation at 12 months and 24 months for Model A
(2.11+ 2.8+ 2,124 2.5+ 2.6 4 2.4) and Model B (all 20 items from Parts IB and II)

Model Training (PPMI + SURE-PD3 + Oxford)

Model A 2.11 + 2.8 + 2,12 + 2.5 + 2.6 + 2.4)

Landmark (months) Pred. Surv. Prob. SE 95% CI AUC SE of AUC 95% CI BS
T=12 0.791 0.016 0.761, 0.823 0.606 0.022 0.564, 0.648 0.173
T =24 0.460 0.025 0.413, 0.512 0.618 0.019 0.581, 0.655 0.237
Model B (20 items)
Landmark (months) Pred. Surv. Prob. SE 95% CI AUC SE of AUC 95% CI BS
T=12 0.794 0.016 0.765, 0.825 0.595 0.022 0.553, 0.637 0.174
T =24 0.469 0.025 0.423, 0.521 0.588 0.019 0.551, 0.625 0.240
Model Validation (STEADY-PD3)
Model A (2.11 + 2.8 4+ 2.12 + 25 + 2.6 + 2.4)
Landmark (months) Pred. Surv. Prob. SE 95% CI AUC SE of AUC 95% CI BS
T=12 0.778 0.049 0.681, 0.875 0.575 0.034 0.509, 0.641 0.264
T =24 0.442 0.085 0.276, 0.608 0.617 0.034 0.550, 0.685 0.218
Model B (20 items)
Landmark (months) Pred. Surv. Prob. S 95% CI AUC SE of AUC 95% CI BS
T=12 0.774 0.040 0.694, 0.853 0.555 0.034 0.489, 0.621 0.264
T =24 0.435 0.072 0.294, 0.575 0.602 0.035 0.534, 0.670 0.219

Abbreviations: Pred. Surv Prob, predicted survival probability, SE, standard error; 95% CI, 95% credible intervals; AUC, area under the curve; BS, Brier score; MDS-
UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; PPMI, Parkinson’s Progression Markers Initiative; SURE-PD3, Study of Urate Elevation
in Parkinson’s Disease, Phase 3; Oxford, The Oxford Discovery Cohort; STEADY-PD III: Safety, Tolerability, and Efficacy Assessment of Isradipine for PD, placebo vs.

isradipine.

12 months and 24 months, for two individuals C and D. The
individual C was aged 65.1, Male, PD duration of 0.92 years,
Hoehn & Yahr stage of 1, sum scores for Part IB & II of 10. We
display the risk-free probability of dopaminergic therapy initia-
tion for individual C in Figure S1, with the sum scores of the
items 2.11, 2.8, 2.12, 2.5, 2.6, 2.4 ranging from 1 to 10. We also
showcased another example of the individualized prediction for
individual D in the Supplemental material.

Discussion

We evaluated the predictive value of each individual item and
item combination of patient-reported MDS-UPDRS Parts IB
and II for the clinically relevant event in early PD initiation of
dopaminergic therapy. We identified six Part II items with supe-
rior sensitivity for predicting initiation of dopaminergic therapy
over using the full 20 items from Parts IB and II. This increased
performance of the abbreviated scale may be due to the selection
of only pertinent items, as identified by the discrimination and
information parameters, and removing assessment “noise” from
the less sensitive items. A previous study?’, using only IRT item
information parameters, was unable to develop a superior subset
of MDS-UPDRS Parts II and III items, suggesting that both

information and discrimination parameters are necessary for suc-
cessfully identifying sensitive MDS-UPDRS items for predicting
initiation of therapy.

Our finding highlights how first-visit or baseline patient-
reported information can be useful for predicting clinical out-
comes in the future. Our results are exclusively based on early
disease populations not yet on dopaminergic treatment, but our
study subjects include representative patients from US, Canada,
and European countries suggesting a broad applicability. If con-
firmed with other large datasets, we suggest that future trial
designers consider stratifying enrollees at baseline so that there is
a balanced set of likely “early converters” in all treatment groups.
We are in the process of examining this six-item battery in lon-
gitudinal analyses to assess its predictive utility over time. We
have chosen the start of dopaminergic medication as our targeted
endpoint, but future studies could examine whether the same six
items predict clinically relevant late outcomes such as falls, cogni-
tive decline, and institutionalization.

By concentrating on patients within the first 2 years of diag-
nosis, we aim to provide insights into the early progression of
PD and the potential predictive value of MDS-UPDRS items at
this crucial stage. The decision to initiate dopaminergic therapy
for patients with PD is complex and multi-faceted. By combin-
ing the two patient-reported outcomes from the MDS-UPDRS,
we have focused on the most sensitive items that honor the voice
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of the patient in this important landmark of PD progression. The
observed association is only one factor among many other con-
siderations that can inform a clinician to make this decision. Our
findings are particularly relevant for early disease management
and may inform clinical decisions regarding the initiation of
dopaminergic therapy in newly diagnosed, drug-naive patients.
While there are numerical differences in UPDRS scores between
the training and validation cohorts, they did not meet the Mini-
mal Clinically Important Difference (MCID) thresholds
established by Horvath et al.'” Therefore, we believe these dif-
ferences did not significantly impact our findings.

Contrary to our initial hypotheses, Part IB of the MDS-
UPDRS did not significantly predict the initiation of dopaminer-
gic therapy in PD as anticipated. This observation is likely related
to Part IB capturing non-motor experiences that, though valu-
able, may not directly correlate with the clinical decision to initi-
ate dopaminergic treatment. Consequently, our focus pivots to
Part II items, which, due to their direct association with motor
experiences of daily living, emerge as more pertinent predictors
in the context of PD treatment strategies. While it is possible that
individual subjects might start treatments due to non-motor
symptoms, our data-driven study from a large multi-national
cohort did not find that Part IB significantly influenced the initi-
ation of dopaminergic therapy. Our findings indicate that Part II
items are most relevant for this clinical decision.

Our study is based on the available data, which is biased
towards patients from the US, Canada, and Europe. We acknowl-
edge the underrepresentation of regions such as India, China,
Africa, and Latin America. Future validation of our findings in
these and other underrepresented regions is crucial. The Move-
ment Disorder Society (MDS) has established protocols for creat-
ing non-English editions of the MDS-UPDRS, which will
facilitate cross-country comparisons and enhance the generalizabil-
ity of our results when applied in future longitudinal observations.

The findings of this study have significant practical implica-
tions, particularly highlighting the utility of a six-item abbrevi-
ated version of MDS-UPDRS Part II. The increased sensitivity
in predicting initiation of treatment may provide an enhanced
quantification of disease progression that would be useful in
on-going clinical trials. These items are easily administered, facili-
tating their integration into both clinical practice and epidemio-
logical research, enhancing PD assessment and stratification
processes. Their straightforward application supports efficient
patient selection for randomized controlled trials, improving
study design and execution. Moreover, the simplicity of these
items ensures their seamless incorporation into routine evalua-
tions, optimizing patient care without burdening healthcare pro-
viders or patients with excessive demands.

While AUCs were similar for the full and abbreviated scales,
the shortened scale offers practical benefits such as reduced
patient burden and improved compliance. This can be especially
useful in clinical settings with limited time and resources and spe-
cifically focused on the time to dopaminergic therapy initiation.
Although the representativeness across global populations is yet
to be confirmed, future research will aim to validate the
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proposed scale in diverse cohorts across different cultures. The
MDS has non-English MDS-UPDRS editions, facilitating cross-
cultural comparisons. Importantly, the proposed scale is short-
ened in the number of items but the items themselves remain
unmodified. It is offered to provide an efficient and immediately
available and data-driven tool for clinical trials and practice for
the specific purpose of estimating early needs for dopaminergic
intervention, complementing the full scale that address wider
longitudinal issues.

The C-index value for the combined Parts IB + II is relatively
modest even using 20 items, suggesting that the full scale does
not capture all components of dopaminergic therapy initiation
decision-making. However, our findings identified a combina-
tion of patient-based items that provide a highly significant
increased sensitivity for predicting initiation of dopaminergic
therapy compared to the full Parts IB + II. Admittedly, the six-
item C-index is not particularly high, but the reduced scale is
clinically relevant in being exclusively patient-driven, concise,
and motorically focused. Future investigation involving the inte-
gration of MDS-UPDRS Part III scores into our existing predic-
tive model offers an intriguing path for advancing PD research
and improving predictability. This approach, whether adopting
unidimensional or multidimensional IRT frameworks, aims to
improve our understanding of motor symptomatology’s impact
on treatment initiation decisions. This direction emphasizes the
need for an integrated assessment framework that comprehen-
sively evaluates the entire spectrum of PD symptoms.

The data do not specify why some participants did not start
dopaminergic medication despite high UPDRS Part II scores.
Factors could include patient or physician preferences and
concerns about side effects. Additionally, the application of lon-
gitudinal analytical methods to scrutinize the evolution of
patient-reported items over time—beyond initial baseline
measures—may permit refinements of our predictive capabilities
regarding patient outcomes. This longitudinal insight will be crit-
ical for identifying shifts in symptom relevance that may not be
apparent at disease onset, potentially prompting the inclusion of
previously overlooked items into the model. This detailed analy-
sis aims to enhance the precision and applicability of our predic-
tive tools in clinical settings, facilitating more tailored and
effective PD management strategies.

By identifying specific baseline items with superior predictive
abilities, we not only enhance our understanding of PD progres-
sion but also provide increased sensitivity of baseline measures to
disease progression as defined by initiation of dopaminergic ther-
apy compared to standard scoring of Parts IB and
II. Additionally, this approach offers practical tools for patient
stratification in clinical trials and management strategies in rou-
tine care. The insights gained from this research pave the way for
future studies to explore the inclusion of additional MDS-
UPDRS parts and the potential benefits of longitudinal analysis.
Together, these efforts contribute to a more personalized and
effective approach to PD management, emphasizing the impor-
tance of patient-reported outcomes in shaping therapeutic deci-

sions and improving patient care.
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Supporting information may be found in the online version of
this article.

Table S1. Estimated discrimination and location parameter of
MDS-UPDRS Parts 1B and II items using the unidimensional
cross-sectional IRT model based on the PPMI, SURE-PD?3, and
Oxford studies.

Figure S1. The individualized prediction of the risk-free proba-
bility based on the final model (Model A) at 12 months (left
panel) and 24 months (right panel), for the individual D, ranging
the sum scores of the items 2.11, 2.8, 2.12, 2.5, 2.6, 2.4 from
1 to 10. The solid lines are the predicted risk-free probability,
with the shaded area being the 95% point-wise confidence

interval.
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