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« Health is a state of complete
physical, mental and social well-
being and not merely the absence

of disease or infirmity.»
WHO Constitution, 1999




https://www.who.int/news-room/fact-sheets/detail/mental-disorders
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https://www.who.int/news-room/fact-sheets/detail/mental-disorders

n CHALLENGES OF DIGITAL MEDICINE

ECOLOGICAL

OBJECTIVE

UIMep "d JUDUIA @

“Gold-standard diagnostic and assessment
tools for depression and suicidality remain
rooted, almost exclusively, on the opinion of
individual clinicians risking a range of
subjective biases. Currently there is no
objective measure, with clinical utility, for
either depression or suicidality”

Cummins et al. 2015 Speech Communication



https://www.sciencedirect.com/science/article/abs/pii/S0167639315000369

NEED FOR OBJECTIVE DIAGNOSTIC

28 health professiona 870/
mhealth professiona 0 diagnostic = not reliable

pathologies definition

21,6Y et carsctrsic -
63 590

Aboraya 2007, Psychiatry
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https://pubmed.ncbi.nlm.nih.gov/20428301/

N VOICE

« Physiological » measurement

Not invasive

Passive

Smartphones

8 O 0/0 of the world pop.
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https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/

o Tran%ency

© Scientific validity

Leong et al. 2022 JMIR Bourla et al. 2018 JMIR



https://pubmed.ncbi.nlm.nih.gov/30552086/
https://www.jmir.org/2022/2/e27388

Leong et al. 2022 JMIR

applications

publications
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https://www.jmir.org/2022/2/e27388

03%..

not clear

20%...

Larsen et al. 2019 Nature Digital Medicine

applications

claims
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6550255/

O Tran%ence
© Scientific validity

© Therapeutic relationship

Leong et al. 2022 JMIR Bourla et al. 2018 JMIR



https://pubmed.ncbi.nlm.nih.gov/30552086/
https://www.jmir.org/2022/2/e27388

THERAPEUTIC RELATIONSHIP

-
. RESPONSABILITY
e —————— ‘ CLINICAL TIME EMPOWEREMENT
NEW DATA
. \! TRANSPARENCY

MORE DATA
LSRR f RELIABILITY

Calvignac 2023, Médecine du Sommeil
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« You have a XX% chance of being
depressive »*
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« You may have schizophrenia »*

« You are bipolar »*

*semi-fictitious examples
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> Diagnostic = epistemological limitations §
» Time 2
» Culture

> Heterogeneity

Martin et al. 2022, Frontiers in Psychiatry



https://www.frontiersin.org/articles/10.3389/fpsyt.2022.926286/full

n HETEROGENEITY

6 Anhed @ Worth[essness\
@ Depressed
mood @ Concentrat
o
e Moto
lowdow
@ Energy
@ Suicide ideation
@ Appetit /

Depression =
 Atleast5
* Withn®lor n%2
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DIAGNOSTIC vs. SYMPTOMES
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Decision-making & risk-taking Fear & anxiety o - p
Addictions 8 Unwanted, strange or obsessive thoughts =

Sensory sensitivity 2 Energy level )
Empathy Self control & impulsivity :..

6 5

Aggression towards others

Speech & language

> 107349 patients
> 10 most prevalent disorde

Relationships with others
> 47 Sy m pto ms Anger & rritability

Social interactions and cooperation

Selective attention

Ny\lio:\.s

intimacy

" «DSM-5 disorder criteria do not

separate individuals from random
when the complete mental health
symptom profile of an individual is
considered»

- J

Nightmares

Traumatic flashbacks

It & blame

daptability to change

Drive & motivation
Sense of being detached from reaiity
Stability & calmness

Outlook & optimism

Curiosity, interest & enthusiasm
Repetitive or compulsive action:s
Avoidance & withdrawal

Restlessness & hyperactivity
Ability to learn

Self-worth & confidence

Focus & concentration

Self-image Experience of pain

Susceptibility to infection
Creativity & problem-solving
Feelings or sadness, distress & hopelessness
Sleep Quality
Emotional resilience

Planning & organisation
Memory

Coordination
Mood swings

Newson 2021, Frontiers in Psychiatry



https://www.frontiersin.org/articles/10.3389/fpsyt.2021.775762/full

©
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> Diagnostic = epistemological limitations g
> Time 3
> Culture

> Heterogeneity

> Diagnosis = societal recognition and dialogue
between stakeholders

« [...] one of its most important goal is to facilitate
communication among clinicians, researchers,
administrators and patients [...] by establishing a common
language.” Derek Bolton, 2012

Martin et al. 2022, Frontiers in Psychiatry



https://www.frontiersin.org/articles/10.3389/fpsyt.2022.926286/full

"™ WHAT TO DO?
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o  Interest =symptoms & signs
h . ¥y A R

Treatment = symptoms & signs

Martin 2023 Under review for Interspeech 2023.
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SLEEPINESS

ttps://www.bbc.com/news/health-19837178

1/4 of deadly accident

on highways in France!

3% of pilots

(n=500, 2012)? 1% copilot

"/4 of general pop.
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Kolla et al. 2020, Sleep Health



https://www.sciencedirect.com/science/article/abs/pii/S2352721819302104
https://www.preventionroutiere.asso.fr/2016/03/30/somnolence-au-volant/
https://www.bbc.com/news/health-19837178

21 oh 11h 13h 15h 17h
R R MSLT database
T~

MSLT = Multiple Sleep
Beginning Sleep Awakening Latency Test

\ )
|

Sleep latency
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Martin et al. 2022 Médecine du Sommeil

Martin et al. 2021 Frontiers in Digital Health
Martin et al. 2020 Language Resources and Evaluation Conference Martin et al. 2023 Sleep Medicine Reviews



https://aclanthology.org/2020.lrec-1.803.pdf
https://www.researchgate.net/publication/365607087_Sleepiness_in_adults_An_umbrella_review_of_a_complex_construct
https://www.frontiersin.org/articles/10.3389/fdgth.2021.686068/full
https://www.researchgate.net/publication/364665524_Que_nous_disent_les_outils_de_mesure_sur_la_somnolence_et_l'hypersomnolence_chez_l'adulte_Approches_historiques_et_perspectives_futures

129 e

/0 i
131 2B

Martin et al. 2021 Frontiers in Digital Health
Martin et al. 2020 Language Resources and Evaluation Conference

Martin et al. 2022 Médecine du Sommeil

Martin et al. 2023 Sleep Medicine Reviews



https://aclanthology.org/2020.lrec-1.803.pdf
https://www.researchgate.net/publication/365607087_Sleepiness_in_adults_An_umbrella_review_of_a_complex_construct
https://www.frontiersin.org/articles/10.3389/fdgth.2021.686068/full
https://www.researchgate.net/publication/364665524_Que_nous_disent_les_outils_de_mesure_sur_la_somnolence_et_l'hypersomnolence_chez_l'adulte_Approches_historiques_et_perspectives_futures

ACOUSTIC DESCRIPTORS

Martin et al 2019 10th Conference on Speech Technology and Human-Computer Dialogue 2019
Martin et al. 2020 Traitement Automatique des Langues

Z.0216560E /15000 [quny SWelbeipedipatlyeaiyony//Sony
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https://fuckyeahmedicaldiagrams.tumblr.com/post/13093912072
https://www.researchgate.net/publication/336871836_Sleepiness_detection_on_read_speech_using_simple_features
https://www.atala.org/sites/default/files/TAL_61_2_3.pdf

READING MISTAKES

Quand le mystere est trop impressionnant, on n’ose pas
désobéir. Aussi absurde que cela me semblat a mille milles
de tous les endroits habités et en danger de mort, je sortis

de ma poche une feuille de papier et un stylographe.

Martin et al. 2020 Speech Prosody 2020 Martin et al. 2021 Interspeech 2021 Martin et al. 2021 FUSIPCO 2021
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https://www.researchgate.net/publication/341615936_Using_reading_mistakes_as_features_for_sleepiness_detection_in_speech
https://www.researchgate.net/publication/354209973_Automatic_Speech_Recognition_Systems_Errors_for_Objective_Sleepiness_Detection_Through_Voice
https://www.researchgate.net/publication/354066371_Automatic_Speech_Recognition_systems_errors_for_accident-prone_sleepiness_detection_through_voice

READING PAUSES

A,

/ 5,

s: -10
WS: -6.54 s

Martin et al. 2022 Speech Prosody 2022

d: 654 ms

. \\\;\\if\“\

d: 682 ms
s: +10
WS: -6.82 s
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https://www.researchgate.net/publication/359486067_Does_sleepiness_influence_reading_pauses_in_hypersomniac_patients

BIOMARKERS AND CLASSIFICATION
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CLASSIFICATION

Session n°1 Session n°5

ASR ASR

X, (sleepiness) = X;(measure) — f((f)
FO__[Sex |Age |BMI | Neckcircum. | Edu.level | Depression | Anxiety

p(sig)  -0,29 -0,76 -0,34 -0,57 0,30 -0,27 0,14
before * % * %k k% * % % * % % % * % * % nS
Coef. -0,57 -75,5 -0,12 -0,13 0,19 -1,22 -
p(sig) 0,06 -0,12 0,02 -0,07 0,06 0,03 0,15

after ns ns ns ns ns ns ns

. _JUDUIAG



E2) BIOMARKERS

Physiological Sleepiness Subjective Sleepiness

UAR=81.5% UAR=76.6%
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Energy slope

Formant bw4

Martin et al. 2023 Under review. Martin et al. 2023 ICASSP  Martin et al. 2023a ICPhS

Martin et al. 2023b /CPAhS



WHAT'S NEXT?

SOMVOICE

C. BEAUMARD

SCHWAS

SYMPTOM NETWORKS
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SYMPTOM NETWORKS

Anhedonia Worthlessness~—

Depressed
mood

Sleep

Energy

Appetite /

crree
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SYMPTOM NETWORKS

? Suicide Anhedonia E@ Depressed
ideation G
;

Motor
slowdown

Concentration

¢ Worthlessness Appetite

$ P L

L
Te
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SYMPTOM NETWORKS

Anhedonia

Suicide Depressed

ideation G mood
;
2
Motor ° pobs( )
slowdown Sleep
p(3j$
o §/ pobs(g)
=
p0b5(8) ]

Concentration e @

Worthlessness Appetite

Energy Dobs(4)
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PERSPECTIVES (1)

Suicide Anhedonia E@ Depressed

ideation p(9]1)

G;

Motor
slowdown

Concentration

Worthlessness Appetite

$ P L
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PERSPECTIVES (2)
s DEPRESSION

Central
symptoms
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CONCLUSION

PLURIDISCIPLINARITY

Application of digital

technology to health Telemedicine

uIMelN “d JUDUIA @



CONCLUSION
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ESTIMATION OF
DIAGNOSTIC
e REAL
DIGITAL HEALTH é CONDITIONS

COMPUTER SCIENCE ECONOMY



PERSONALIZED MEDICINE

PRECISION MEDICINE

Gauld et al. 2021, Médecine du Sommeil

The right drug for the right person at the right time and in the right dose*

STRATIFIEB MEDICINE

a.eu/thinktank/en/docuntHIABHA S B RU2D 40N 9

l.europ

lhttps://www.europar


https://www.researchgate.net/profile/Christophe-Gauld/publication/344157338_Medecine_du_sommeil_personnalisee_et_syndrome_d'apnees_hypopnees_obstructives_du_sommeil_entre_precision_et_stratification_une_proposition_de_clarification/links/5f566dfda6fdcc9879d620fb/Medecine-du-sommeil-personnalisee-et-syndrome-dapnees-hypopnees-obstructives-du-sommeil-entre-precision-et-stratification-une-proposition-de-clarification.pdf
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2015)569009

PRECISION MEDICINE

/ DISEASE
Y4
BIOMARKERS
y (&
\ ENDOTYPE

Tabb and Lemoine 2021, Theoretical Medicine and Bioethics

CANCER
CARDIO-VASCULAR

STRATIFIED MEDICINE
DISEASE \

PHENOTYPE
7

FEATURES /
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https://link.springer.com/article/10.1007/s11017-022-09558-3

PSYCHIATRY

PRECISION MEDICINE

Tabb and Lemoine 2021, Theoretical Medicine and Bioethics

STRATIFIED MEDICINE

DISEASE

PHENOTYPE

) 4

FEATURES

~
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https://link.springer.com/article/10.1007/s11017-022-09558-3

CONCLUSION

PLURIDISCIPLINARITY

Application of digital

technology to health Telemedicine

INTERDISCIPLINARITY

“

TRANSDISCIPLINARITY
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EPISTEMOLOGY

COMPUTER SCIENCE ECONOMY
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REAL

/4 CONDITIONS

@

DIGITAL HEALTH
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