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[bookmark: _Toc49563725]Description of the subjects under study in PPMI:
The PPMI study has enrolled 423 PD subjects till now who were drug naïve (i.e. not much treated with dopaminergic medications) and who have been diagnosed with PD for a period of less than 2 years at the time of enrollment into the study. This is one of the most important differences in PPMI study when compared to other studies such as PDBP or BioFind that the subjects in PPMI are all ‘early diagnosed’ or ‘de novo’. The study has about 196 healthy subjects and plans to recruit more five types of cohorts, viz: prodromal (100 individuals), patients who have scans without evidence of dopaminergic degeneration (i.e., SWEDD, 70 individuals), a genetic cohort of PD patients (600 individuals), a genetic registry (600 individuals).

[bookmark: _Ref47658733][bookmark: _Toc49563726]Description of the Input Features and Target Variable for our Study:
The subjects are followed up for a period of 4 years from the date of enrollment and the clinical data is collected every (3 months, 6 months, 9, months, 12 months, 18 months, 24 months, 30 months, 36 months, 42 months, 48 months) after the date of baseline visit during the follow-up period. The data collected includes a series of assessments (motor and non-motor assessments), Omics data (including DNA Genotyping, RNA Sequencing), and biofluids (plasma, serum, whole blood, urine, and saliva), general neurological and physical examination, etc. However, for our analysis, we only use a subset of the PPMI dataset that includes transcriptomic data, motor assessment questionnaire, MDS-UPDRS score, demographics, etc. We also created a few variables that are derived from primary variables. The complete list of features used for our analysis is presented in Table S1 below. For ease of understanding, we grouped the input features into 5 groups.

[bookmark: _Ref47658453][bookmark: _Toc54631429]Table S1: Description of Dataset of our Study
	Group of features
	Description of the feature/ group of features
	Number of features/variables
	Type of variable

	Predictor Variables

	RNA Sequencing 
	Quantification file of Transcripts
	Each file contains 34571 gene names. For each gene, following information is available after RNA-Seq:  
-gene length 
-effective length 
-TPM 
-NumReads

For our analysis, we use Transcripts per Million (TPM), as it is the recommended abundance estimate of the transcripts of the genes. Other estimates are discarded. 
	34571 features (expressed in units of TPMs)
	Continuous 

	Motor Assessment
	MDS-UPDRS-I Questionnaire
	This part has questions related to non-motor experiences of daily living and is self-administered by the patient
	13
	Categorical

	
	MDS-UPDRS-II Questionnaire
	This part has questions related to motor experiences of daily living is self-administered by the patient
	13
	Categorical

	
	MDS-UPDRS-III Questionnaire
	This part has questions related to motor experiences and is completed by a healthcare professional after examining the patient 
	33
	Categorical

	
	MDS-UPDRS-IV Questionnaire
	This part has questions to be answered by a healthcare professional to assess two motor complications, dyskinesias and motor fluctuations that include OFF-state dystonia
	6
	Categorical

	
	Hoehn and Yahr Stage
	The “Hoehn and Yahr stage “is now a part of MDS-UPDRS-III and has 5 classes. However, was originally published in 1967 to  measure the  Parkinson symptoms and disability
	1
	Categorical

	Subject Characteristics at time of screening
	Demographics
	Features such as birthdate, gender, and race
	11
	Categorical

	
	Family status
	Features to answer if close family relatives had PD
	18
	Categorical

	
	Socio Economics
	Features regarding the educational level of the patient
	2
	Categorical

	General Exam
	Physical Exam
	
	11
	Categorical

	
	Vital Signs
	
	10
	Categorical and Continuous

	Derived features
	Time Interval between two visits
	The difference in time between two successive visits
	1
	Continuous

	
	Age
	The Age variable is derived from “BIRTHDT” variable of Demographics page of subject. The difference between the birthdate and the visit year.
	1
	Continuous

	Total number of input features                                                  34,682

	                                                            Target Variable

	Group of features
	Description of the feature/ group of features
	Number of features/variables
	Type of variable

	MDS-UPDRS Final Score
	[bookmark: _Hlk36558164]The target variable (MDS-UPDRS) reflects the motor symptoms and clinometric properties of PD on a scale of 0 to 272 with 0 being normal and 272 being severe motor and non-motor decline
	1
	Continuous 



Table S1 gives the information of the subset of features from PPMI datasets that we use for our analysis. The target variable for our analysis is MDS-UPDRS final score which is a continuous variable whose value ranges from 0 to 272 with 0 being normal and 272 being severe motor and non-motor decline. The primary predictor variables are the gene expression levels i.e. RNA transcripts expressed in Transcripts per Million. In addition to gene expression values, we also use the basic general information of patients that was collected at screening such as demographics, family history, and socioeconomic status. we have also created two variables called “Time interval” and “Age” that are derived from the primary features. The time interval for a visit is created by the difference in time between that current visit and the immediate next visit available. The “Age” variable for a visit is the age of the patient on that visit and is created by the difference in the birth year and the year of that visit. 

[bookmark: _Toc49563727]Number of Samples in our study:
This section describes the sample size for our subset of the dataset. We discuss the frequency of information collection in PPMI.
The data for features described in the table (except the subject characteristics), was conducted by PPMI for all the subjects- longitudinally i.e. for various “visits” or “time points” during the study period of 4 years starting from screening(SC), baseline visit(BL), 3-months(V01), 6-months(V02), 9-months(V03), 12-months(V04),  18-months(V05), 24-months(V06), 30-months(V07), 36-months(V08), 42-months(V09), 48-months(V10). However, not all of the feature’s data was collected for all the visits. For example, RNA-Seq is performed for only selected visits such as Baseline visit, 6 months visit, 12 months, 36 months, and 48 months whereas Motor Assessment questionnaires were performed twice for all the visits. Hence, we need to perform a merge operation of these datasets and select the samples for whom all the clinical data is available. Table S2 below describes in detail the frequency of collection of data for each feature subset in PPMI. This information will help us to understand the data selection criteria we provide in the next subsection Data Selection Criteria

[bookmark: _Ref47658012][bookmark: _Toc54631430]Table S2: Frequency of Information Collection in PPMI
	RNA-Seq Data
	Performed once for annual visits: Baseline (BL), 12-months (V04), 24-months(V06), 36-months(V08).

	MDS-UPDRS-I, II
	Performed once for all visits

	MDS-UPDRS-III
	Performed for all visits.
But twice on annual visits (Bl, V04, V06, V08, V10) one with “ON” state medication and other with “OFF” state dopaminergic medication [add footnote].
ON state: The subject was given dopaminergic medication
OFF state: at-least 6 hours after the last dose of dopaminergic medication

	MDS-UPDRS-IV
	Performed once for all visits

	General Exam
	Performed once for all visits



[bookmark: _Ref47658217][bookmark: _Toc49563728]Data Selection Criteria
This section provides the criteria for data selection from PPMI to build the subset of the dataset for our analysis:
1) Data Download Date: The datasets were downloaded from PPMI on the date: 2018-06-05 and the latest update of all datasets are downloaded on 2020-01-28. The analysis and the experiments were updated to include the changes in the dataset. 
2) Subject Categories: The subjects belonging to Parkinson’s Disease (PD) category were only considered for the analysis. The number of PD subjects is  423. The subjects belonging to other categories such as HC, SWEDD, Genetic PD, Genetic Registry PD were discarded from our study.
3) Transcriptomic data samples: For our analysis, we included all the data samples for which RNA-Seq was performed. The RNA-Seq analysis yields a couple of outputs. We chose only a subset of output from RNA-Seq and created the RNA-Seq “Subset-1”. The details are explained in the next chapter. 
4) Disease status data samples: For our analysis, only those samples for whom MDS-UPDRS-III performed in the “OFF” medication state were selected to form the disease status target variable. For a disease progression prediction problem, we need to have the motor and nonmotor condition of a subject while he/she was NOT on any dopaminergic medication. As per PPMI protocol, a delay of “6 hours” with no medicine is enough to withdraw the effect of the last dose of medicine on the patient.
5) Data Sample ID: Each data sample is represented by a unique key which is a combination of two fields - “PATNO” and “EVENT_ID”. The field “PATNO” defines the subject’s name that the data belongs to and the field “EVENT _ID” defines the time point or visit id of the data sample. This applies to all the datasets. We mapped all the data samples from the predictor variables, to the data samples in the MDS-UPDRS target variable with the help of the primary key on “PATNO” and “EVENT_ID”. A more detailed explanation is given in the chapter Data Pre-Processing 
6) For our analysis, we need 3-Dimensional data, the first dimension is the number of PD patients i.e. 423, the second dimension is the number of visits and the third dimension is the number of predictor variables. To this end, the final dataset has 423 3-D samples with a variable number of visits or 1709 2-D samples. A more detailed explanation is given in the chapter Data Pre-Processing.


Comparison Methods and Training

For a patient with N visits  the patient’s data can be represented in the form of a 3D matrix as follows:
	
	[1, N, X1xQ]
	[bookmark: _Ref48850154](1)



where Q is the length of the input feature vector. The data presented in equation (1) is a longitudinal temporal representation of a single patient’s data. The same is used to train the deep RNN models, however, to train the non-RNN baseline models, this data is converted into an aggregated form. The aggregated data vector also has Q features, where each value of the qth feature (q=1,2,3,4,…….., Q) is aggregated over N visits depending upon the data type of the feature as summarized in S3.
[bookmark: _Ref48787684][bookmark: _Toc54631438]
Table S3: Aggregated Value for Different Data Types.
	Data type of qth feature
	Aggregated Value for qth feature

	Continuous type feature
	

	Ordinal type feature
	

	Nominal type feature
	



If the qth feature is a continuous type variable, then the aggregated value of that feature is the mean of the value of that feature over the past N visits. If the qth feature is an ordinal data type, then the aggregated value is the median of the values of past N visits. Similarly, if the qth feature is a nominal variable then the aggregated value of that feature is the mode of the values of that feature for all historical N visits.
Based on the aggregated values, the equation for the predictive model in equation (1), can now be written as follows:
	
	<n+1> = f ()
	[bookmark: _Ref48856215](2)


where  is a feature vector with Q dimensions (q=1,2,3,……., Q), where each of the qth dimension is an aggregated value of the qth feature for all the historical N visits.

