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Extended Abstract

Parkinson’s Disease (PD) is an incurable neurodegenerative disorder characterized by progressive motor and speech
impairments, and early diagnosis enables therapeutic interventions that decelerate disease progression. Speech deficits such
as word slurring, mumbling, stuttering, and reduced vocal intensity manifest early in PD, serving as disease biomarkers [1].
The Unified Parkinson’s Disease Rating Scale (UPDRS) quantifies PD severity on a scale from 0-176 [2]. While there is
currently no cure for PD, accurate treatment regimens tailored to the disease stage and severity are critical for delaying
disease progression and the onset of more severe motor and cognitive symptoms. Machine-learning-driven analysis of
speech biomarkers such as jitter and shimmer metrics can expedite initial diagnosis of progression using the UPDRS,
allowing patients to seek clinical evaluation and tailored treatment sooner.

The aim of this study was to use speech biomarkers from processed in-home vocal recordings by patients with PD to
train different machine learning models, including linear regression, decision tree regressors, and a multilayer perceptron
(MLP) neural network, to predict UPDRS scores within a moderate clinically important difference (CID). The “Oxford
Parkinson's Disease Telemonitoring Dataset” was used to obtain a range of biomedical voice measurements from 42 people
with early-stage PD who recorded their voices at home on a telemonitoring device over a six-month trial [3]. Patient
information such as age, gender, and true motor and total UPDRS scores were recorded, and the speech biomarkers of
multiple numerical measures of jitter (variability in frequency in the acoustic signal) and shimmer (variation in amplitude)
were extracted from the patient recordings. We evaluated two approaches for predicting UPDRS scores from biomarkers.
First, we implemented linear regression and decision tree models with optimization techniques including L1/L.2
regularization, cross-validation, and SHAP (SHapley Additive exPlanations)-based feature selection. Accuracy was
assessed by clinical usefulness, where a validation mean absolute error (MAE) within the threshold of 8.5 to 10.3 points on
the UPDRS total score was considered a moderate CID and therefore “correct,” and parameters were optimized
accordingly [4]. These methods achieved a validation MAE of 9.3, within our target clinical importance threshold of 8.5 to
10.3 UPDRS points. We then developed a custom-built neural network solution using z-score normalized speech
biomarkers. Our MLP architecture consisted of an input layer, two hidden layers (64/32 neurons with ReLU activation),
and a linear output neuron. Using Adam optimization with adaptive learning rate, this model achieved a superior validation
MAE of 7.6 UPDRS points after 200 epochs. The findings of this study demonstrate the potential for machine learning
models in Parkinson's Disease monitoring. With clinical oversight, such models could enable clinically useful, non-
invasive, real-time, and continuous tracking of disease progression through telemonitoring platforms, facilitating stage-
specific and personalized treatment adjustments.
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