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Abstract

Background: Predicting initiation of dopaminergic therapy in early Parkinson’s disease (PD) is
important for clinical management and trial design. Prior cross-sectional work identified a six-item
patient-reported subset from the Movement Disorder Society-sponsored revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) Parts IB + II, but its longitudinal utility is
unknown.

Obijectives: To test whether modeling longitudinal symptom trajectories improves prediction
of dopaminergic therapy initiation beyond baseline-only models, and to identify an abbreviated
patient-reported subset with stable prognostic value and utility for trial stratification.

Methods: Data were harmonized from 1787 untreated early PD patients across six multicenter
studies. All 20 MDS-UPDRS Parts IB + Il items were analyzed using a longitudinal item response
theory model. Items were ranked by discrimination and information functions, and cumulative
subsets evaluated in Cox models with time-dependent covariates, adjusted for age, sex, disease
duration, and Hoehn and Yahr stage. Predictive accuracy was quantified by concordance index
(C-index) for full follow-up and truncation at 1 and 2 years. Risk stratification was assessed based
on baseline abbreviated subset scores using Kaplan—-Meier analyses.

*Correspondenceto: Dr. Sheng Luo, Department of Biostatistics & Bioinformatics, Duke University, Durham, NC 27705, USA,
sheng.luo@duke.edu.

Author Roles: (1) Research Project: A. Conception, B. Organization, C. Execution; (2) Statistical Analysis: A. Design, B. Execution,
C. Review and Critique; (3) Manuscript: A. Writing of the First Draft, B. Review and Critique.

M.S.A.: 1B, 1C, 2A, 2B, 2C, 3B.

L.Y.: 1B, 1C, 2A, 2B, 2C, 3B.

G.T.S.: 1A, 1B, 2C, 3B.

T.AM.: 1A, 1B, 2C, 3B.

C.G.G.: 1A, 1B, 2C, 3B.

S.L.:1A,1B, 2A, 2C, 3A, 3B.

Relevant conflicts of interest/financial disclosures: None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alam et al.

Page 2

Results: An 11-item model consistently outperformed the full 20-item scale (C-index 0.609 vs.
0.597, P<0.001 with full follow-up; 0.621 vs. 0.599, P< 0.001 at 1 year; 0.615 vs. 0.602, P<
0.001 at 2 years). Longitudinal updates improved discrimination over baseline-only models (eg,
0.609 vs. 0.594 for full follow-up). Higher baseline 11-item scores were strongly associated with
earlier therapy initiation.

Conclusions: Longitudinal symptom modeling improves prediction of therapy initiation in early
PD. An abbreviated 11-item patient-reported MDS-UPDRS provides stronger prognostic value
than the full scale and supports trial stratification and clinical monitoring.
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Predicting dopaminergic therapy initiation in early Parkinson’s disease (PD) can inform
decisions on clinical management, patient counseling, and disease-modifying trial designs.
The Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) is the gold standard for evaluating PD severity and
progression, with Parts IB (non-motor experiences of daily living) and Il (motor
experiences of daily living) being patient-reported outcomes (PROs) designed to capture
patients’ assessments of functional limitations and quality of life in PD.12 These PROs
are increasingly recognized as essential components of personalized care, documenting
symptom burden from the patient perspective.34 Importantly, initiation of dopaminergic
therapy is typically guided by the degree of functional impairment reported by patients in
daily activities such as mobility, self-care, and fatigue, domains that are directly assessed by
MDS-UPDRS Parts IB and 11.° This makes these items particularly relevant for predicting
this clinical milestone.

Although the MDS-UPDRS assesses multiple symptom domains, individual items vary

in their sensitivity to early disease progression, motivating the development of brief,
prognostically informative subsets.*6.7 In a prior cross-sectional study, we identified a six-
item baseline subset from Parts IB/I1 that outperformed the full 20-item scale in predicting
dopaminergic therapy initiation in early, untreated PD patients:8 “Getting Out of Bed/Car/
Deep Chair,” “Doing Hobbies or Other Activities,” “Walking and Balance,” “Dressing,”
“Hygiene,” and “Eating Tasks.” That analysis, however, was limited to baseline data and did
not examine longitudinal symptom trajectories, which are critical given the heterogeneous
and evolving nature of PD.%-11

Longitudinal item response theory (IRT) models offer a rigorous approach for analyzing
repeated ordinal PROs, representing symptom severity as a latent construct that evolves
over time and estimating each item’s discriminative contribution.1213 These models have
demonstrated improved sensitivity over conventional scoring approaches in detecting
nuanced changes in PD progression, making them appropriate for refining outcome
measures and prognostic tools.24-16 Recent applications in PD underscore their ability to
reveal subtle differences in symptom dynamics and progression across motor and non-motor
domains1/:18
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Building on previous work,8 this study applied longitudinal IRT modeling to a harmonized
dataset of 1787 early PD patients pooled across six multicenter studies. Our goals were
two-fold: to assess whether modeling longitudinal trajectories enhances the prediction of
dopaminergic therapy initiation compared with cross-sectional approaches based on baseline
data,® and to determine whether an abbreviated patient-reported MDS-UPDRS has superior
prognostic value relative to the full 20-item scale when tested across the entire follow-up
and under 1- and 2-year truncation scenarios relevant to disease-modifying trial design. We
further evaluated the utility of the abbreviated subset for stratifying patients into prognostic
risk groups to inform sample stratification in clinical trial designs.

Study Design

We evaluated the predictive performance of patient-reported MDS-UPDRS items (Parts
IB/1) for dopaminergic therapy initiation using a longitudinal IRT framework.

Study Population and Outcome

Harmonized Dataset: For this study, we assembled a harmonized dataset from six
multicenter cohorts of early PD: Parkinson’s Progression Markers Initiative (PPMI),1° Study
of Urate Elevation in Parkinson’s Disease Phase 3 (SURE-PD3),20 Oxford Discovery,21
Safety, Tolerability, and Efficacy Assessment of Isradipine for PD (STEADY-PD3),22 Phase
Il trial of Anti-alpha-Synuclein Anti-body in Early Neurodegenerative Disease Association
(PASADENA, placebo arm),23 and SPARK (placebo arm).24 Eligibility criteria across
studies required a clinical diagnosis of PD within 2 years prior to baseline enrollment,
ensuring a focus on the early disease window most relevant for disease-modifying trial
design. Detailed study designs, recruitment strategies, and baseline characteristics for each
cohort are described in their respective publications and summarized in Table S1.

Participants were excluded if they had a disease duration longer than 2 years at baseline,
were already receiving dopaminergic therapy, lacked data for MDS-UPDRS Parts IB and
I1, or did not have longitudinal follow-up. Follow-up began at baseline and continued until
the initiation of dopaminergic therapy or the last available study visit. Patients who had not
initiated therapy by the end of observation were censored at their last recorded follow-up.
After applying these criteria, the harmonized analytic dataset included 1787 individuals
contributing a total of 8008 visits across the six studies. Of these, 1264 individuals (70.7%)
initiated dopaminergic therapy during follow-up. The overall selection process is shown in
Figure 1, and study-specific participant flow is detailed in Figure S1.

In our prior cross-sectional IRT study,8 the STEADY-PD3 cohort was reserved for

external validation. In the current longitudinal analysis, STEADY-PD3 was included in the
harmonized dataset to maximize sample size, repeated measures, and stability of parameter
estimates. This approach ensured robust evaluation of longitudinal item performance and
built directly on the previously validated framework.

Outcome Definition: The primary outcome was defined as initiation of dopaminergic
therapy with either levodopa or dopamine agonists. Although monoamine oxidase B
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(MAO-B) inhibitors are sometimes prescribed as first-line therapy for mild early PD, their
motor benefit is modest, and their use varies across cohorts. Therefore, MAO-B inhibitors,
anticholinergics, and amantadine were not considered initiation events. This harmonized
definition was applied consistently across all six cohorts using recorded medication start
dates. In SURE-PD3, participants were permitted to use MAO-B inhibitors at baseline;
such use was not counted as an outcome event, and their follow-up time was measured
until the start of levodopa or dopamine agonists. Treatment initiation was determined from
prospectively collected medication records, including concomitant medication logs, case
report forms, or structured database fields. For harmonization, we abstracted the first start
date of levodopa or dopamine agonists and used this as the outcome event. If no such
initiation date was present, participants were censored at their last available visit.

Longitudinal IRT Modeling

We employed a unidimensional longitudinal IRT model, assuming a single latent trait
representing patient-reported symptom severity over time. All 20 items from MDS-
UPDRS Parts IB (7 items) and 11 (13 items) were modeled using a graded-response
formulation, characterized by one discrimination parameter, four threshold parameters, and
an information function for each item. The discrimination parameter quantifies an item’s
ability to differentiate between severity levels, while threshold parameters define symptom
severity cut-offs between adjacent response categories. The information function describes
measurement precision at various severity levels.

Model estimation used Bayesian inference via Markov Chain Monte Carlo (MCMC)
sampling, implemented in Stan (version 2.32.2) through R software (version 4.4.1). Two
chains of 3000 iterations (including 2000 burn-in) were run for each model. Model
convergence was confirmed by R-hat <1.1.

To identify the most informative items, we estimated each item’s discrimination parameter
and its information contribution, summing values across all subjects and visits to reflect
the full longitudinal dataset. We then standardized these measures by their maximum
observed value and averaged them to derive a composite sensitivity score for ranking

items. A composite sensitivity score was then calculated for each item by averaging the
two standardized metrics. Items were ranked accordingly. Item rankings were derived using
the entire harmonized dataset, ensuring stable parameter estimates across the full range

of follow-up. Further technical details of the longitudinal IRT model specification and IIF
computation are provided in the Supplemental Materials.

Evaluation of Abbreviated Iltem Subsets

For identification of abbreviated subsets, we evaluated cumulative subsets of top-ranked
items using Cox proportional hazards models with time-dependent covariates. At each
visit, the covariate was defined as the standardized average score of the selected items,
calculated as the sum of item scores divided by the maximum possible score (ie, number
of items multiplied by four). Models were additionally adjusted for age, sex, PD duration,
and Hoehn and Yahr (H&Y) stage at baseline to account for established predictors of

PD progression and therapy initiation. Predictive performance, relative to the full 20-item
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scale, was quantified using the concordance index (C-index). Because many contemporary
disease-modifying trials in early PD follow patients for 1-2 years, abbreviated subsets were
identified using data truncated at 1 and 2 years to provide evaluations relevant to typical
trial durations. Statistical comparisons between abbreviated subsets and the full scale were
conducted using the Wald test?® to determine the smallest subset with superior predictive
accuracy. When multiple subsets produced similar C-index values, we selected the smallest
subset that showed statistically significant improvement over the full 20-item scale and
demonstrated consistent performance across all follow-up scenarios (full follow-up, 1 year,
and 2 years). To further assess the added value of longitudinal modeling, we compared
models incorporating time-dependent covariates with their baseline-only counterparts.

Risk Stratification Analysis

To evaluate the potential application of the abbreviated item subset for stratification in
clinical trial design, participants were classified into three prognostic groups (low, medium,
high risk) based on the 33rd and 66th percentiles of the baseline abbreviated item subset
sum score. Kaplan—Meier curves were constructed to compare time to dopaminergic
therapy initiation across these groups under three follow-up scenarios: available follow-up,
truncation at 1 year, and truncation at 2 years. Differences in survival distributions were
tested with the log-rank statistic. In addition, we estimated the 1-year survival probability
(proportion of participants not initiating dopaminergic therapy within 1 year) with 95%
confidence intervals for each group and compared them using a global Wald test within the
Cox model.

Results

Study Sample

The harmonized dataset included 1787 individuals with early-stage PD, contributing a total
of 8008 visits across six studies. Baseline demographic and clinical characteristics are
summarized in Table 1. Briefly, the mean age was 62.7 years (£9.5), 64.9% were male

(n =1159), and 66.0% were at H&Y stage 2 or above (n = 1179). The median disease
duration at baseline was 0.5 years (IQR: 0.3-0.9), with a maximum of 2.0 years. Mean
MDS-UPDRS scores were 4.6 (+3.3) for Part IB, 6.0 (+4.3) for Part Il, and 10.6 (£6.7) for
the combined Parts IB/Il. The median number of visits per subject was 6.0 (IQR: 3.0-8.0),
with follow-up of up to 12.1 years (median 0.6, IQR: 0.1-1.4). Over the observation period,
1264 individuals (70.7%) initiated dopaminergic therapy.

Ranking of MDS-UPDRS Parts IB and Il ltems from the Longitudinal IRT Model

The longitudinal IRT analysis (Table 2) provided item rankings based on the composite
sensitivity scores. “Getting Out of Bed/Car/Deep Chair” (Item 2.11) ranked highest, with

a discrimination estimate of 2.09 (95% credible interval [95% Crl]: 1.97-2.21) and the
greatest information content. Other top-performing items included “Dressing,” “Doing
Hobbies,” “Turning in Bed,” “Hygiene,” “Walking and Balance,” “Eating Tasks,” “Fatigue,”
“Speech,” “Freezing,” and “Handwriting.” Except for Fatigue (Item 1.13), all were from
Part Il. In contrast, the remaining Part IB items generally demonstrated lower composite
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sensitivity scores. The lowest-ranked item was “Tremor” (Item 2.10), with a discrimination
estimate of 0.38 (95% Crl: 0.33-0.43) and the weakest information values.

Predictive Performance to Initiate Dopaminergic Therapy of Cumulative Item Sets of the
MDS-UPDRS Parts 1B + Il

Table 3 presents the concordance index (C-index) values for cumulative item sets derived
from the longitudinal IRT model, evaluated under three scenarios: available follow-up,
truncation at 1 year, and truncation at 2 years. With available follow-up, the 11-item model
achieved a C-index of 0.609, outperforming the full 20-item scale (0.597, < 0.001) and
its baseline-only counterpart (0.594). With 1-year truncation, the 11-item model yielded

a C-index of 0.621, again higher than both the full scale (0.599, £< 0.001) and the
baseline-only model (0.602). At 2 years, the 11-item set achieved the highest C-index of
0.615, outperforming the full scale (0.602, A< 0.001) and the baseline-only model (0.600).
The optimal subset, identified according to the selection rule specified in the Methods, is
highlighted in Table 3.

Risk Stratification Using Baseline Score of an 11-Iltem Abbreviated Patient-Reported MDS-

UPDRS

Figure 2 shows Kaplan—Meier curves stratified by baseline 11-item score into low-,
medium-, and high-risk groups. Across all three follow-up scenarios (no truncation,
truncation at 1 year, and truncation at 2 years), higher baseline scores were strongly
associated with earlier initiation of dopaminergic therapy (log-rank £< 0.0001). At 1 year,
survival probabilities (patients not starting therapy) were 0.81 (95% confidence interval
[95% CI]: 0.78-0.84) in the low-risk group, 0.75 (95% CI: 0.72-0.79) in the medium-risk
group, and 0.66 (95% CI: 0.62-0.71) in the high-risk group. A global Wald test showed
significant differences in 1-year survival probabilities across the three groups (P < 0.001).

Discussion

We applied longitudinal IRT modeling to evaluate the predictive value of patient-reported
MDS-UPDRS items for dopaminergic therapy initiation in early PD. Our findings
emphasize two principal conclusions: (1) incorporating longitudinal symptom data via time-
dependent covariates improves prognostic accuracy over baseline-only models and (2) an
abbreviated 11-item patient-reported MDS-UPDRS, consistently identified across the entire
follow-up and trial-relevant follow-up horizons, provides stronger predictive performance
than the full 20-item scale. These results demonstrate the ability of the abbreviated scale

to stratify patients into prognostically distinct subgroups, supporting its potential use

for balancing treatment arms relative to outcome and interpreting outcomes in clinical

trial design. Moreover, the 11-item subset consistently outperformed both the full scale

and baseline-only models across all follow-up horizons, and its stability under different
truncation windows supports its utility as a concise and clinically informative tool for
predicting initiation of dopaminergic therapy in early PD.

That a systematically derived abbreviated subset of patient-reported MDS-UPDRS items
predicts dopaminergic therapy initiation underscores the central role of patient-perceived
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functional limitations in clinical decision-making. Unlike the full 20-item scale, the 11-item
set captures the most prognostically informative domains with fewer items, supporting both
efficiency and interpretability. This aligns with clinical practice, in which dopaminergic
therapy is typically initiated when motor symptoms impair daily functioning or quality of
life, as recommended by contemporary practice guidelines.®

The 11-item solution using longitudinal updates achieved a higher concordance index
(C-index = 0.609) than the same solution using only baseline data (C-index = 0.594),
highlighting the value of symptom trajectories in predictive modeling. Across all follow-
up scenarios, the 11-item subset consistently outperformed the full 20-item model, with
statistically significant gains. Moreover, predictive performance was slightly higher when
follow-up was truncated at 1 year (C-index = 0.621) and at 2 years (C-index = 0.615)
compared with full follow-up (C-index = 0.609), with the 1-year horizon showing the
greatest relative improvement. This pattern suggests that the abbreviated scale may be
particularly well suited for shorter-term prognostic horizons, consistent with the 1-2 year
duration of many disease-modifying trials in early PD. These results confirm prior findings
that item-level modeling of PROs enhances sensitivity to subtle clinical changes, especially
in early PD when progression is gradual and heterogeneous.3.18.26 |_ongitudinal IRT
methods account for the ordinal nature of symptom ratings and differential item sensitivity,
making them particularly appropriate for modeling symptom trajectories.

The top-ranked items showed high stability across available follow-up, 1-year truncation,
and 2-year truncation. The 11-item set is comparably smaller and provides clinical
interpretability, reflecting domains of daily functioning such as getting out of bed, dressing,
hygiene, walking and balance, and eating. Except for Fatigue, the top-ranked items all came
from Part Il and involved functional motor tasks, which are closely tied to patients’ daily
activities and more directly influence clinical decisions to initiate dopaminergic therapy.
These domains appear more sensitive to treatment-relevant deterioration than tremor or
non-motor symptoms, a finding consistent with prior research.*9

Our modeling strategy offers several methodological strengths. We employed Bayesian
MCMC estimation to ensure stable parameter recovery across six harmonized multicenter
early PD studies. The longitudinal IRT framework permitted subject-specific symptom
trajectories, addressing inter-individual heterogeneity that is a hallmark of early PD
progression.18:26 The structure and interpretability of IRT parameters and information
functions also facilitate clinical translation, an advantage highlighted in previous
applications to PD and other neurologic disorders.13:27

There are important limitations. First, while we harmonized item-level data across studies,
differences in visit schedules and assessments may affect the precision of item-level
estimates. Second, although we focused on PROs, future work might investigate whether
combining clinician ratings improves predictive accuracy. Third, although the C-index
improvements were statistically significant, the absolute magnitude of gain (approximately
0.012-0.022) was moderate; however, even small increases in discrimination are often
considered clinically relevant in prognostic modeling. We prioritized item-level properties
using discrimination parameters and item information functions from the IRT model
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to identify the most informative items. We then evaluated the predictive performance

using the C-index, a standard metric for discrimination in survival analysis. While the
C-index itself is not new, our approach of integrating longitudinal IRT-based item selection
with time-dependent prediction modeling represents a novel application in PD. Future
research should include additional performance metrics such as calibration,28 Brier score
for overall accuracy,?® and decision curve analysis to quantify net clinical benefit across
threshold probabilities.3? Furthermore, we recognize that IRT models are sometimes
criticized for being sample-dependent. However, our analytic population was drawn from
six geographically and methodologically diverse multicenter studies, totaling nearly 1800
individuals with early PD. This broad sampling reduces the risk of cohort-specific bias and
increases the generalizability of item parameter estimates. Nonetheless, our analysis was
outcome-specific, focusing on initiation of dopaminergic therapy; the same methodological
framework could be extended to other clinically relevant milestones such as reaching H&Y
Stage 3 or developing motor complications.

Beyond prediction, the 11-item scale has direct implications for clinical trial design. At
enrollment, participants could be stratified according to quantiles of the baseline 11-item
patient-reported MDS-UPDRS score, ensuring balanced representation of prognostic risk

to initiate dopaminergic therapy across treatment arms. This approach minimizes the
likelihood of imbalances in functional severity, reduces variance, and enhances statistical
efficiency. Because initiation of dopaminergic therapy represents a major clinical milestone
in early PD and signals the transition from pretreatment management to the start of
symptomatic therapy, using a scale that closely tracks this outcome provides added
relevance. Stratification by the 11-item score would allow trials to enroll patient groups with
comparable risks of reaching this milestone, thereby strengthening the interpretability of
treatment effects. In addition, the same score could support subgroup analyses to investigate
whether treatment effects differ across levels of baseline risk. Together, these applications
highlight the dual role of the 11-item scale as both a practical trial design tool and a
clinically meaningful measure of disease progression.

Overall, our findings suggest that a concise, 11-item, patient-reported MDS-UPDRS
provides a sensitive means of identifying early PD patients approaching the threshold for
dopaminergic therapy. These conclusions are specific to early disease and this treatment-
related outcome; different items may prove more informative for other outcomes or later
phases of PD, and the full 20-item battery remains important for comprehensive assessment.
This tool has the potential to improve the efficiency of disease-modification trials and to
enhance personalized symptom monitoring in clinical care.23

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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2794 subjects with PD at baseline
who had in-person follow-ups

678 on levodopa at baseline ]

I

2116 with longitudinal and survival data

4 with missing longitudinal data ]

Il

2112 without missing longitudinal data

102 had baseline data only, and 5
entered later

|

2005 started at the study onset and
have at least 2 visits

213 with PD for 2+ years at baseline ]

|

1792 with early PD (= 2 years)

(Age, Sex, Race, H&Y Stage)

|

5 with missing baseline covariates ]

[ 1787 subjects for analysis ]

FIG. 1.
Consolidated Standards of Reporting Trials (CONSORT) diagram showing the derivation

of the harmonized analytic dataset from six early Parkinson’s disease (PD) cohorts
(Parkinson’s Progression Markers Initiative [PPMI], Study of Urate Elevation in Parkinson’s
Disease Phase 3 [SURE-PD3], Oxford Discovery, Safety, Tolerability, and Efficacy
Assessment of Isradipine for PD [STEADY-PD3], Phase Il trial of Anti-alpha-Synuclein
Anti-body in Early Neurodegenerative Disease Association [PASADENA] placebo arm,
Study of Cinpanemab in Early PD [SPARK] placebo arm). Participants were excluded

if they had a disease duration longer than 2 years at baseline, were already receiving
dopaminergic therapy, lacked Movement Disorder Society-sponsored revision of the Unified
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Parkinson’s Disease Rating Scale (MDS-UPDRS) Parts I1B/I1 data, or did not have
longitudinal follow-up. The final analytic population included 1787 individuals contributing
8008 visits, of whom 1264 initiated dopaminergic therapy during follow-up. H&Y, Hoehn
and Yahr.
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(A) No trimming (B) Trimming at 1 year (C) Trimming at 2 years
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FIG. 2.
Kaplan—Meier curves for time to initiation of dopaminergic therapy by baseline 11-item

risk groups. Participants were classified into low-, medium-, and high-risk groups based

on the 33rd and 66th percentiles of the 11-item sum score at baseline. Panels show (a)
available follow-up, (b) truncation at 1 year, and (c) truncation at 2 years. Log-rank P <
0.0001 in all panels. Estimated 1-year survival probabilities (remaining off therapy) were
0.81 (95% CI: 0.78-0.84) for low-risk, 0.75 (95% CI: 0.72-0.79) for medium-risk, and 0.66
(95% CI: 0.62-0.71) for high-risk. A global Wald test confirmed significant differences in
1-year survival probabilities across the three groups (£ < 0.001). Shaded bands denote 95%
confidence intervals. PD, Parkinson’s disease.
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