Supplemental materials 

1.  Modeling details of the unidimensional longitudinal item response theory (IRT) models. 

In the unidimensional longitudinal IRT framework, we assumed a single latent variable representing patient-reported symptom severity manifested by all 20 MDS-UPDRS Parts IB/II items. The model has two levels. The first level, a graded-response measurement model (Equation 1), quantifies the relationship between the response of each item and the latent patient-reported symptom severity (θ). The probability of each score was determined by five parameters: one discrimination parameter and four location (difficulty) parameters. Higher discrimination values indicate that an item more strongly differentiates between levels of latent patient-reported symptom severity, while location parameters represent the thresholds for moving from score 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). The second level, a structural model (Equation 2), regresses latent patient-reported symptom severity on time, with subject-specific random intercepts and random slopes of time.

We denoted the latent variable as  for a subject  at time , with a higher value implying more severe patient-reported symptom severity. Since all items are ordinal variables, we modeled subject ’s response for item  at time , denoted by , as a cumulative logit:

where  is the location parameter for the th level of item , and  is the discrimination parameter for item .  The latent - severity  was modeled as:

where  and are person-level random effects representing random intercept and slope, respectively. The latent severity was modeled as dependent on time in years, allowing subject-specific deviations via the random intercept and slope. The random intercept represents each patient’s baseline level of latent patient-reported symptom severity, while the random slope represents their individual rate of progression in latent patient-reported symptom severity. Because IRT models are overparameterized, additional constraints need to be imposed to make the models identifiable (estimable).1 Specifically, the random intercepts  were assumed to have a standard normal distribution marginally with mean 0 and variance 1, fixing the mean and variance of latent patient-reported symptom severity at baseline (time=0). We assumed random slopes , and . Note that the change from baseline in latent patient-reported symptom severity was equivalent to the value of  at a given time. 

2. Item Information Function (IIF)
We utilize the expected information induced by the unidimensional longitudinal IRT model (Equation 1) to obtain the item-specific IIF value. With some abuse of notations, for the subject  at time let  be the patient-reported symptom severity be the cumulative probability induced by the IRT model (Equation 1), and where  is an indicator function. With the boundary conventions,  and , where  is the number of categories for the th item, we compute the th category probability as . Then, the induced log-likelihood function associated with the item  takes the form . Taking the expectation of the negative of its second derivative gives the IIF for the item k, which is attainable by the computation formula 

where the summation is explicitly taken over all subjects (), all visits (), and all categories (), ensuring that information is accumulated across the entire longitudinal dataset. The derivative term is given by .



Table S1. Baseline sample sizes and dopaminergic therapy initiation events across six studies included in the harmonized dataset.

	Study
	N included
	% of total
	Events
	% events

	PPMI
	836
	46.78%
	679
	81.22%

	SURE-PD3
	266
	14.89%
	137
	51.50%

	Oxford
	258
	14.44%
	224
	86.82%

	STEADY-PD3
	298
	16.68%
	204
	68.46%

	PASADENA
	69
	3.86%
	0
	0%

	SPARK
	60
	3.36%
	20
	33.33%

	Total
	1,787
	100%
	1,264
	70.73
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Figure S1. Study-specific CONSORT diagrams detailing inclusion and exclusion criteria applied within each of the six studies (PPMI, SURE-PD3, Oxford Discovery, STEADY-PD3, PASADENA placebo arm, SPARK placebo arm). Each diagram shows the stepwise application of harmonized eligibility definitions, exclusions for missing data, and censoring at last follow-up, leading to the contribution of each study to the pooled analytic dataset. Baseline sample sizes and event counts are provided in Table S1.
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