
THE USE OF A VOICE-BASED DIGITAL BIOMARKER IN PATIENTS WITH DEPRESSION 

 

William Simpson PhD1,2, Aparan Balagopalan MSc1,3, Liam D. Kaufman MSc1, Anthony Yeung 

MD3, Adam Butler BA4.  

 

1. Winterlight Labs, Toronto, Ontatrio, Canada 

2. McMaster University, Hamilton, Ontario, Canada 

3. University of Toronto, Toronto, Ontario, Canada 

4. Radix Consulting 

 

The Methodological Question Being Addressed 

 

Determine whether linguistic and acoustic analysis of speech could be used to build a digital 

biomarker to detect depression 

 

Introduction (Aims) 

 

Evaluation of patients with depression has primarily relied on the use of subjective clinician-

rated and patient-reported outcome measures for both diagnosis and measurement of change 

over time. The use of objective, digital biomarkers represent an opportunity to improve both the 

enrichment and outcomes of clinical trials in depression and other mood disorders. In this study, 

we evaluate the feasibility of using a voice-based digital biomarker to identify patients with 

depression. 

 

Methods 

 

The DIAC-WOZ dataset contains audio recordings of clinical interviews, conducted 

electronically, designed to support the diagnosis of psychological distress conditions such as 

anxiety, depression, and post-traumatic stress disorder. PHQ-8 scores were also collected. The 

audio samples from all interviews was aggregated and a machine learning model was utilized to 

identify 500 quantifying acoustic and linguistic properties of the speech sample. The top-60 

most important variables were selected and analyzed using a neural network algorithm with 10-

fold cross-validation. This generated a classification model which was used to estimate whether 

a sample came from a person with or without depression. 

 

Results 

 

189 individual recordings were included in the analysis. Previously published studies indicate a 

77% accuracy threshold for predictive models. Both acoustic and linguistic variables were 

analyzed. Models using only acoustic variables had better sensitivity than models using 

linguistic variables, though sensitivity remained below 50% for all models. The model with the 

highest accuracy was a linguistic only model (72.3%). Combining acoustic and linguistic 

markers yielded the best performance; accuracy 67.6%, sensitivity 46.7%, specificity 81.0% 

 



Conclusions 

 

The use of machine learning and artificial intelligence to assist in clinical decision-making 

represents an important opportunity to improve the conduct of clinical trials in mood disorders. 

This analysis supports that there is a detectable speech signal in patients with depression. In 

this analysis, speech is constrained to the topic of the prompted clinical questions. It is possible 

the linguistic variables could provide more explanatory power in a more conversational sample 

of speech, but further exploration would be necessary to confirm this. 
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