
inesc-id.pt

PhD Advanced Course
Molecular Biomarkers and Technologies 
18 September, 2020

Alberto Abad
alberto.abad@inesc-id.pt

With contributions from: Anna Pompili, Catarina Botelho, Francisco Oliveira, Rubén 
Solera-Ureña, Isabel Trancoso

Towards the use of speech as 
a health biomarker

mailto:alberto.abad@inesc-id.pt


Human Language Technologies

2 |

Speech
Recognition

Speaker
Recognition

Language
Recognition

Words

Speaker Name

Speaker Language

“How are you?”

João Alves

Portuguese

Speech 
Signal

Text processing: Morphological analysis, Syntactic analysis, 
Semantic analysis, Discourse analysis, Named entity extraction, NL 
Generation, Information retrieval, Summarization, Question 
answering, Machine translation, Text analytics, Recommendation

Speech processing: Speech coding, Speech enhancement, 
Audio segmentation, Text-to-speech synthesis, Automatic speech 
recognition, Speaker and language identification; Other speech 
pattern classification tasks
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Core research & application areas @ INESC-ID

Speech as a health biomarker3 | 18/09/20



• Introduction to speech processing

• Three generations of HLT applications in e-health @INESC-ID:

– 1G: Augmentative communication, assistive technologies and e-inclusion

– 2G: Diagnosis and treatment of speech and language disorders

– 3G: Speech as a health biomarker for speech-affecting diseases

• Challenges and open questions

Outline
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The speech signal in the time domain
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Speech signal time / frequency representation
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Speech signal: Physiology & Source/filter model
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Speech as a carrier of information

• Speech carries a lot of information:
– Of course information related to the message (LINGUISTIC?)...
– ... but also, speaker traits (NON-LINGUISTIC/PARA-LINGUISTIC?): 
• Gender; Age; Language/accent; ID; Personality; Education; Intoxication; Sleepiness; 

Friendliness; Mood; Physical Stress; Cognitive Load; Emotion; Pathologies?
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Emotions
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• Objective: To convert a speech input sequence into a class label (or 
sequence of labels):

• The common blocks of any ML classification task are the front-
end/feature extraction and the back-end/classification:
– The classifier module is “learnt” using data during the training phase and used 

to classify new unseen data during test 

Speech classification (a.k.a. machine learning, IA, etc.)
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• Goal Given a sequence of observations determine which is 
the most likely sequence of words

– Already decades of research on ASR (and other SLT related topics) à Very 
challenging!!!

– Related sub-tasks: Isolated ASR, Continuous ASR, KWS, LVCSR, 
STD/Search on Speech, etc.

A special case: Automatic Speech Recognition (ASR)

Feature 
Extraction

Decoding
(Search)

Acoustic
Model

Language 
Model

Pronu. 
Model

“How are you?”
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SLT applications in e-health @ INESC-ID
1G: Augmentative, assistive and e-inclusion applications

• Hearing impairment
– Subtitling, meta-information,

segmentation, events, etc.

• Visual impairment
– Text-to-speech for content access,

spoken books
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SLT applications in e-health @ INESC-ID
1G: Augmentative, assistive and e-inclusion applications

• Cerebral palsy
– Text-to-speech with virtual keyboards

and word prediction (Eugenio)

• Physical impairments
– Control, home-automation, etc.
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SLT applications in e-health @ INESC-ID
2G: Diagnosis and treatment of speech and language disorders

• Improved ASR and intelligibility objective measures useful in:
– Diagnosis
• Global and individual characteristics
• Second opinion
• Screening of populations

– Therapy
• Therapy control
• Comparison of therapy methods
• Computer-assisted and virtual/on-line therapy
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2G: Diagnosis and treatment of speech and language disorders
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SLT applications in e-health @ INESC-ID
2G: Diagnosis and treatment of speech and language disorders
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Serious digital 
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• Besides speech and language disorders, many 
other diseases affect speech in different ways:

• Diseases that concern respiratory organs;
• Neurodegenerative diseases;
• Mood disorders;

SLT applications in e-health @ INESC-ID
3G: Speech as a health biomarker
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• Diseases that concern respiratory organs, e.g.:
– Obstructive Sleep Apnea (OSA);
– Common Cold;
– COVID-19.

SLT applications in e-health @ INESC-ID
3G: Speech as a health biomarker
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• Diseases that concern respiratory organs;

• Neurodegenerative diseases, e.g.:
– Alzheimer’s disease (AD);
– Parkinson’s disease (PD);
– Huntington’s disease (HD);
– Amyotrophic lateral sclerosis (ALS).

SLT applications in e-health @ INESC-ID
3G: Speech as a health biomarker
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• Diseases that concern respiratory organs;

• Neurodegenerative diseases;

• Mood disorders, e.g.:
– Anxiety;
– Depression;
– Bipolar Disorder;
– Post-traumatic stress disorder (PTSD).

SLT applications in e-health @ INESC-ID
3G: Speech as a health biomarker
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• The potential of speech to act as a biomarker has bolstered several 
studies on the automatic detection of diseases, based on powerful 
machine learning classifiers, that either operate on features 
extracted from the speech signal, or directly on the signal itself.

• The fact that speech is ubiquitous and can be acquired non-
intrusively makes it an inexpensive modality that may be used to 
identify high likelihoods of the presence of diseases, and the 
results of such early screening tests may act as alerts for users to 
seek medical assistance. 

• Moreover, speech may be used in clinical facilities or at the 
patients’ homes. It may also allow to remotely monitor the 
progress of a disease in order to adapt medication and support. 

SLT applications in e-health @ INESC-ID
3G: Speech as a health biomarker
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Speech as a health biomarker

Obstructive Speech Apnea (OSA)
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OSA speech anomalies: 
articulatory (slurred speech);

phonation (larynx 
inflammation); resonance 

(vocal/nasal coupling)

Polysomnography (PSG) is 
the gold standard diagnosis: 

patients spend a night 
connected to electrodes
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Speech as a health biomarker

Obstructive Speech Apnea (OSA)
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Speech as a health biomarker

Alzheimer’s Disease
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Alzheimer’s Disease (AD) is 
the most common form of 

Dementia

Prevalence increases with 
age: U.S. census reported 

that 3% of people aged 65-
74, 17% of people aged 75-
84, and 32% of people aged 

85 and older have AD

Between 2000 and 2050, the 
proportion of the world's 
population over 60 will 

double from 11% to 22%

Besides alterations of 
memory and of spatial-
temporal orientation, 

language impairments are 
also an important factor

Pharmacological treatments 
may temporarily improve the 
symptoms of the disease, but 
they can not stop or reverse 

its progression

Language impairments in AD 
speech: naming, word-finding 

difficulties, repetitions, 
overuse of indefinite and 

vague terms, inappropriate 
use of pronouns 
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Speech as a health biomarker

Alzheimer’s Disease: Topic coherence
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Speech as a health biomarker

Alzheimer’s Disease: Challenge
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Speech as a health biomarker

Parkinson’s Disease
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Parkinson’s disease (PD) is a 
progressive degenerative 
disorder characterized by 

motor and non-motor 
symptoms.

Motor signs of PD include 
resting tremor, rigidity, 
bradykinesia, while non-
motor symptoms include 
cognitive disorders, and 

sleep and sensory 
abnormalities. 

Motor symptoms of PD 
influence also the speech 
production of language. 

As the disease progresses, 
patient alternate periods in 
which motor symptoms are 

mitigated due to medication 
intake (ON state), and 

periods with motor 
complications (OFF state). 

Dysarthria, which is 
characterized by a weakness, 

paralysis, or lack of 
coordination in the motor-
speech system, is typically 

observed in PD patients and 
affects respiration, phonation, 

articulation and prosody. 

The time that patients spend 
in the OFF condition is 

currently the main parameter 
used to assess 

pharmacological 
interventions. 
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Speech as a health biomarker

Parkinson’s Disease: Study of production tasks
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Speech as a health biomarker

Parkinson’s Disease: Monitoring medication sate
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• There is a significant amount of research showing that speech has the 
potential to be a useful bio-marker for diagnosis and monitoring of several 
diseases.

• However, there are still significant limitations that prevent from broad 
application in real clinical settings:

1. Data limitations:
• Small data sets; unbalanced data; In-the-wild data; cross-domain, cross-lingual; privacy 

concerns
2. Not realistic (or really valuable) tasks:
• Binary classification of HC vs disease; labels not related with speech/language issues; cold vs 

COVID-19?

• Possible directions for future work:
1. Mining on-line repositories; development of privacy-preserving protocols
2. Towards “speech tests” equivalent to blood tests to help medical diagnosis

Challenges and open questions
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Thank you!

alberto.abad@inesc-id.pt


