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PREDICT: Capturing suicidal thoughts with digital technology

Target population: Transdiagnostic inpatients with current/past suicidal thoughts and behaviors
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PREDICT: Capturing suicidal thoughts with digital technology

Target population: Transdiagnostic inpatients with current/past suicidal thoughts and behaviors
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PREDICT: Capturing suicidal thoughts with digital technology

Target population: Transdiagnostic inpatients with current/past suicidal thoughts and behaviors
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PREDICT: Capturing suicidal thoughts with digital technology

Target population: Transdiagnostic inpatients with current/past suicidal thoughts and behaviors
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Non-verbal expressions in suicide risk
prediction

« Measurable suicide-risk signals: slowed/monotone speech,

longer pauses, reduced facial and movement expressivity.

* Multimodal (audio + video + text) models outperform single-

modality approaches.

-> Promising supplementary markers for suicide-risk
detection, but still early-stage; larger longitudinal studies and

clinical validation are needed.
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MULTICAST’s feasibility study: the SIMON study
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MULTICAST’s feasibility study: the SIMON study 4 Swiss National
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MULTICAST’s feasibility study: the SIMON study

Negative Past
“Can you remember an event that was
upsetting or stressful for you?”
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MULTICAST’s feasibility study: the SIMON study,

Negative Past
“Can you remember an event that was
upsetting or stressful for you?”
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Digital biomarker extraction
|
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The sample

Variable N N = 38
Age 36 33.72 (12.08)
NA 2
Sex 35
female 21 / 35 (60%)
male 14 / 35 (40%)
NA 3
Rehospitalized 24
Yes 10 / 24 (42%)
No 14 / 24 (58%)
NA 14
Severity of suicidal ideation (BSS total score) 23 12.61 (10.68)
NA 15
History of suicide attempts (BSS item 20) 23
Never 8 / 23 (35%)
Once 4 /23 (17%)
Twice or more than twice 11 / 23 (48%)
NA 15

Mean (SD); n / N (%)

Note.

participants.

Homan et al., in prep.
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Are there subgroups that experience unique combinations of emotional
Intensity?

Homan et al., in prep.
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Are there subgroups that experience unique combinations of emotional
Intensity?

Emotionally Reactive / Mixed High Affect Surprised / Emotionally Suppressed Emotionally Neutral / Regulated
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Are there subgroups that experience unique combinations of emotional
Intensity?
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Are these subgroups related to suicidal ideation post-discharge?
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Digital biomarkers as promising correlates for suicidal ideation?
: I I  There is no easy answer.

oiprote « Digital biomarkers might have potential for suicide risk prediction and for complementing

clinical practice.

« Before we can use these biomarkers in eMental Health, we need to understand them better (i.e.,

include action units, get clinical ratings of facial expressions).

Homan et al., in prep.
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Digital biomarkers as promising correlates for suicidal ideation?
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PREDICT: Capturing suicidal thoughts with digital technology

Target population: Transdiagnostic inpatients with current/past suicidal thoughts and behaviors
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Using Artificial Intelligence for symptom assessment and monitoring?

MONTGOMERY and ASBERG Depression Rating
Scale (MADRYS)

Each item rated from 0 — 6 [0 = no symptoms] ° Time-intensive

General: Hopelessness, dejection, and despair expressed in

language, facial expressions, and posture.

Sadness: Patient’s reports of a depressed mood, including

discouragement, dejection, feelings of helplessness, and

hopelessness.

Tension: Indefinable feeling of discomfort as well as irritability, Trained Personnel
restlessness, inner excitement up to anxiety and panic.

Sleep: Subjective experience of reduced sleep duration or sleep

depth.

Appetite: The feeling of having less appetite compared to the ) .

normal state. Varlablllty
Concentration: Difficulties in concentrating

Lack of Drive: Difficulties in starting or heaviness in beginning

and carrying out everyday activities.

Emotional Numbness: The subjective feeling of reduced

interest in the environment or activities that previously brought joy.

Pessimistic Thoughts: Feelings of guilt, inferiority, self-blame,

etc_ e . .
Suicide: Feeling that life is no longer worth living, natural death Artificial Intelllgence
would be a relief, thoughts of suicide, and preparation for suicide.

08.12.2025 22
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Assessing depressive Symptoms using Al - LLM Training and
LLM Training

Weber et al. 2025 npj Digital Medicine

(" Data R LR EEE ~)
transcripts/synthetic : Dialogue Example: '
~ extract Clinician: "You mentioned your suicidal ideations. Can you
topic & scores p
— g ' elaborate on them? :
. ° ' Patient: "Sometimes | just want to leave this world [...]" '
- . Topic: Suicidal ideations :
__° ' Score: 5 '
------------------------------------- L d
Max. token length. : ST 9
ax. token iengin. 1 Fine-tuned
512 i
L —» | BERT-base’ | —» —  Model: MADRS-
: g BERT
Tokenization Pretrained model: Classification Head
'You mentioned your suicidal ideations” BERT-base-german Supervised fine-tuning
[12 345 65 974 706]
| MSE loss function
¢ ¢17 score deviation ¢ $+T score deviation
BERT-base BERT-base-flexible MADRS-BERT  MADRS-BERT-flexible
\_ J/

™ google-bert/bert-base-german-cased

Evaluation
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Assessing depressive Symptoms using Al — LLM Training and Evaluation

LLM Training
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Weber et al. 2025 npj Digital Medicine

Table 1| Comparison of MADRS-BERT and Baseline Predictor
(Mean Regression Model) Performance Across MADRS items

MADRS ltem Mean MAE | (zstd)
MADRS Score

Baseline MADRS-BERT

predictor
Reported sadness 3.0 1.7 0.9 (x0.04)
Inner tension 3.0 15 0.7 (+0.15)
Sleep disturbances 2.9 1.7 0.9 (x0.16)
Loss of appetite 2.8 1.8 0.8 (+0.08)
Difficulties 2.9 1.7 0.8 (x0.22)
concentrating
Lassitude 2.8 1.8 0.8 (x0.21)
Emotional numbness 2.8 1.8 1.0 (x0.26)
Pessimistic thoughts 2.9 1.6 0.8 (x0.14)
Suicidal ideations 29 1.7 0.8 (x0.16)
Total 2.89 1.70 0.83

The table reports the Mean Score, and Mean Absolute Error (MAE) for the baseline predictor and the
fine-tuned model (MADRS-BERT) across all nine MADRS items. The baseline predictor assigns the
mean MADRS score per topic as the predicted value, serving as a naive statistical reference. MAE
quantifies the prediction error, with lower values indicating better performance. Bold numbers

highlight the best results.

MAE <1 is

comparable with our
clinician performance
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Assessing depressive Symptoms using Al — LLM Training and Evaluation

Table 2 | Performance metrics of the fine-tuned MADRS-BERT and BERT-base models under strict and flexible criteria for

accuracy
MADRS-BERT BERT-base
MADRS ltem Accuracy 1 [%] Flexible Accuracy 1 [%] Strict Accuracy 1 [%)] Flexible Accuracy 1 [%] Strict
Reported sadness 80 (+0.03) 40 (£ 0.07) 29 (+0.04) 14 (+0.03)
Inner tension 88 (+ 0.06) 49 (+0.10) 25 (+0.04) 12 (+0.07)
Sleep disturbances 82 (+0.08) 44 (+0.09) 30 (+0.07) 17 (+£0.07)
Loss of appetite 79 (= 0.04) 43 (£ 0.12) 33 (+ 0.06) 20 (+0.07)
Difficulties concentrating 83 (= 0.08) 40 (£ 0.14) 31 (= 0.06) 15 (+0.06)
Lassitude 86 (+0.07) 46 (£ 0.16) 31 (+0.09) 19(+0.08)
Emotional numbness 80 (+0.12) 35(+0.11) 33 (+0.11) 20 (+0.08)
Pessimistic thoughts 85 (+0.07) 41 (+0.10) 26 (+=0.04) 14 (£ 0.05)
Suicidal ideations 83 (+0.10) 44 (£ 0.10) 32 (+0.05) 17 (+0.04)

Mean and standard deviation of accuracies across five folds. Strict evaluation for accuracy considers exact score predictions, while flexible evaluation allows a deviation of +1 from the actual score. Bold
numbers highlight the best results.

08.12.2025
Weber et al. 2025 npj Digital Medicine
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Vision for MULTICAST TREAT

Aim: Developing a digital intervention for people with suicidal thoughts and behaviors that ...
—...covers different phases of symptom severity

—...builds on stakeholder input

—...includes modules that are evidence-based (safety plan) and innovative (self-efficacy training)

—...leverages modern technologies to promote engagement

7 LLM-assisted

( \

TREAT APP

Insights from Stakeholders
- Distraction (Videos, Games)
- Breathing exercises

- Mindfulness

- Emergency Button

Self-efficacy

training /
University of
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MUTLICAST TREAT: Preliminary work
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Mean (£ SE)

Autobiographical self-efficacy training

Introduction + Setup
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MADRS Chatbot

& MADRS Al-Chatbot - Klinisches Interview zum Erfassung von depressiven Symptomen

chathot 2N Alltag besprochen. Ich méchte gerne ein neues Thema ansteuern, um ein umfassenderes Bild von Ihren Emotionen und Gedanken zu erhalten. I}
Hatten Sie in der vergangenen Woche auch das Gefiihl, innerlich angespannt zu sein?

Oh ja. Das kenne ich sehr gut von mir.

Das hort sich sehr realistisch an. Wenn Sie innerlich angespannt sind, konnen Sie mir bitte beschreiben, wie das fiir Sie empfunden wird? Ist es eher eine innere
Anspannung, Gereiztheit oder eine innere Unruhe, die Sie spiiren?

Gereiztheit. Mich nervt alles.

Konnen Sie mir sagen, wie haufig diese Gereiztheit vorkommt? Ist es den ganzen Tag, oft, selten oder kommt es gelegentlich auf?

A Sprechen Sie Ihre Antwort ein. X

@ Record No microphone founc

Text

Kommt drauf an. Es ist sehr Situations|

w» Text senden

University of | From Understanding to Dialogue 08.12.2025 | 33
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MADRS Chatbot: Feasibility & Acceptibility Trial at PUK

((A) Feasibility/Accept::]biIi’cyN ((B) Professional quality ) r(C) Blinded Classification

@ Have you been sad in the past seven days?
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Al-led Intervies versus
Human-led Interviews
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Perceived Ease of Use
Perceived Session Alliance

. 1 Clinicians only1?2
Perceived Enjoyment i

Professionalism
Factual Accuracy
Empathy

Perceived Usefulness
Semi-structured Feedback
What was good?
\ What to improve?
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MADRS Chatbot: Feasibility & Acceptibility Trial at PUK

((A) Feasibili’cy/AcceptabiIityN

’

-

Patient & Clinicians!?

Acceptability & Feasibility
Perceived Ease of Use
Perceived Session

Alliance
Perceived Enjoyment
Perceived Usefulness

Semi-structured Feedback

\ What was good?

- Whatto improve? T

University of | From Understanding to Dialogue
Zurich

Bland-Altman plot: total MADRS-S vs MADRS-Chat

25 -
20 -
®
o 151 © ® ®
N e o
2 10- ®
5 O
2 °
2 s- ®
= ° ®
Q
N S S O S S S
g
&
5 _g.
I — Bias = 8.62 7
~10 - ——- 41.96SD = 23.89
® —~—- -1.96 SD = -6.66

25.0 27.5 30.0 32.5 35.0 37.5 40.0
Mean of Self and MADRS-Chat

13/3

Total MADRS
Patients — MADRS-Chat

Meang, (£ SD) =29.1+5.3
Meang,, (x SD) = 37.8 £
7.0

!Davis (1989) Technology Acceptance Model; ?Venkatesh (2012) Unified Theory of Acceptance and Use of Technology 208.12.2025 | 35



Stakeholder

Quantitative

Qualitative

Online Questionnaire N = 30 Stakeholder Interviews N = 14

MULTICASTTREAT— Stakeholder Interview - Paper-Pencil Questionnaire

In this questionnaire, we will ask about your persanal experiences with suicidal thoughts and
if and how you have previously used digital tools for help. We aim to get insights inta how
people with suicidal thoughts could profit from apps and what components would be the
most helpful to them.

Subjective Experience of Suicidal thoughts and bghayjour.

1. Let’s think about the last seven days: How often did you experience suicidal
thoughts?
O Never O 1-3 times O 4-6 times O daily O several times a day

2. Please indicate how often you used the strategies in the list in the last five suicidal

12z 34 Every |ldon't
times | times  |[time use this
strategy

Reach out to family members or
friends

Reach out to a mental health
professional

s Analyses

Use a specific technique. Please

3. A)Canyou when will be ®? Yes No
B) Conditional question if yes is selected in 3A: Please indicate how often youused
the strategies in the list in the last five times you anticipated a suicidal crisis.

| o T o o Framework Analysis: NLP Analysis:

“Classical” qualitative Complementary
analysis analysis
Analyses: Descriptive statistics

University of \
Zurich 08.12.2025 Page 36



Outlook TREAT App based on Stakeholder Input

T -
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Nezfall
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Dr. Stephanie Homan
Dargebotene Hand 143

Andrea (Schwester)

Anna (Freundin)

93 T2
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Fur mich
Meins

Mein Notfallplan
Offne Notfall Plan

Schau dir deinen Notfall Plan an

Diary Cards d
Erfasse deine heutige Stimmung. Dies hilft dir
dich besser becbachten zu kinnen.

Q(# & &

Emotionen  Impulse Verhalten Skils

Offne Notfallplan

Erinnerungen v
Du hast noch keine weitere Erinnerung
erfasst (z.B. Medikamentenainnahmea).
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FOr mich

Meins
Mein Notfallplan 7z

Warnzeichen
Gedanken/Gefahle:

« Oberforderung bel der Arbeit
Kdrperliche Signale:

« Zittern am Kérper
+ Erschépfung
Gamification
Skills und Strategien

+ 10 - Minuten Spaziergang
+ 4-7-8 Atmung
« Lieblingsmusik héren mit Kopfhérer

Ablenkung durch soziales Umfeld

» Schwester anrufen
« Bruder anrufen
= Kathianrufen

Notfallkontakte

« Kathi
« Sandra
= Schwester

Professionelle Hilfe

« Frau Dr. Homan - 012 345 67 89
+ Krisenzentrum PUK - 1234
« PUK- 5678
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Fir mich

Ubersicht Stimmung
Ubersicht Stimmung
Der Gesamtscore setzt sich zusammen aus der
Gesamtzeit, die du mit Milo verbringst, deinen Diary

Card Scores, sowie deinen Anzahl Ubungen, die
du gemacht hast

Diary Cards Ubersicht
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Outlook TREAT App based on Stakeholder Input

9:31 al T e

Chat &

Hallihallo Johanna! &5
Schén dich wieder zu sehen! Wie geht
es dir heute?

s

Gut wire Obertrieben... =

o
Wollen wir gemeinsam deine Stimmung
erheben? -
Klingt gut!
i

Ich 6ffne dir die Diary Cards! Das wird dir
h 4

helfen zu sehen, wo du gerade stehst.

- - ™ i =™
/ | \ P w ) |
© | 7| ¥ | -
g AN 4 —_—_—
Emotioner Impulse Verhalten Skills

Herzlichen Dank! Ich sehe, dass du dich ein
wenig impulsiv fihlst. Wie wére es mit einem
Spiel zur Ablenkung?

owm
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“+Kl-Coach

“+Kl-Coach

"+ KI-Coach
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Chat {X

Lass uns gemeinsam deinen Notfall

Plan erstellen. Dieser Plan hilft dir, in
schwierigen Momenten den Uberblick zu
behalten und friihzeitig passende Strategien
anzuwenden.

Ist gut! ich habe gerade Zeit!

Starten wir mit deinen persénlichen
Warnzeichen. Woran merkst du frih,
dass es dir schlechter geht? Das kénnen
Gedanken, Gefiihle, korperliche Signale
oder Situationen sein. Nenne mir bitte ein
konkretes Warnzeichen.

Ich beginne am Korper zu Zittern.

Das Zittern ist ein wichtiges karperliches
Signal. Gibt es noch andere Warnzeichen,
die du bei dir bemerkst, vielleicht im Bezug
auf Gedanken oder Gefiihle?

Versagensangste vielleicht...?

Versagensangste sind ein bedeutendes
Gefdhl, das auf eine Krise hinweisen kann.
Gibt es noch weitere Warnzeichen, die Du
wahrnimmst, vielleicht im Bezug auf

Situationen oder Ausldser? -
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e
Ubungen

Lieblingsiibungen

Y Filter

Selbstwirksamkeitstraining |

Y

10 Minuten

4-7-8 Atmung

2 Minuten

il T =

ﬂ

Ubungen
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e
Ubungen

Ubungen

Y Filter

Beruhigende Gedanken

5 Minuten

Atemiibung zum
Einschlafen

4 Minuten

*
Selbstwirksamkeitstraining . " j

10 Minuten

Achtsam innehalten
5 Minuten

Erinnerung: ohne

* -
4-7-8 Atmung A

2 Minuten
o>
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Real-time Risk-Detection System for Chatbots

i Availabilit Options
Al Mental Health SoyAine y P
Therapy Anywhere Unlimited Sessions, Choose between several
Anyone even at 2am Interventions

o

2. O
sonia

Good nght Cognitive Behavioral

. Therapy Session
Chris

Previous Sessions > Stress Release

Quick Emotion &

17 A
y /i

“General purpose models interrupt a conversation when detecting sensitive content
(e.g., suicidal ideations).
Aborting the conversation - when the user is in a critical state but also when a user
might not be at acute risk - may leave them felt left alone, which -therapeutically
speaking — isn’t optimal in either case”

University of \
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Real-time Risk-Detection System for Chatbots

. . . False Negative & False Positive Rates
LLM-based High Risk Detection

1.04 [N=5runs =@- False Negative Rate (FNR)
) Values shown: Mean = SEM =jl= False Positive Rate (FPR)
« 200 real user conversation 20,003

excerpts where general purpose
models aborted conversation

* 4 clinicians labelled data
according to High Risk vs. Low
Risk

Rate

* LLM-based classifier with varying
sensitivity threshold to investigate
the unevitable trade-off between
false-positives (FP) and false-
negatives (FN).

University of \
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Real-time Risk-Detection System for Chatbots

LLM-based High Risk Detection

» 200 real user conversation
excerpts where general purpose
models aborted conversation

* 4 clinicians labelled data
according to High Risk vs. Low
Risk

* LLM-based classifier with varying
sensitivity threshold to investigate
the unevitable trade-off between
false-positives (FP) and false-
negatives (FN).

University of |
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True Positive Rate

1.0

0.8 1

o
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0.24

0.01

ROC Curve: FPR vs TPR Trade-off Analysis

AUC = 0.90

— — Random Classifier (AUC=0.5)

Extreme Low Sensitivity
(FPR=0.019, TPR=0.130)

Low Sensitivity
(FPR=0.046, TPR=0.565)

Medium Sensitivity
(FPR=0.139, TPR=0.761)
High Sensitivity
(FPR=0.407, TPR=0.989)

Extreme High Sensitivity
(FPR=0.491, TPR=1.000)
= ROC Curve (Piecewise Linear)

0.2 0.4 06 0.8 1.0
False Positive Rate
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Can digital biomarkers accurately reflect the type of emotional content in a

video?
Negative past event Positive future event Negative future event
2075
e |
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g Happiness
w o Sadness
5 Surprise
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=

Emotion

Homan et al., in prep
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1.1 PREDICT: PREDICTING SUICIDAL THOUGHTS AND BEHAVIORS

Screened

Inclusion

"

PUK Zurich, N =100

n=576

Y

n==62

BL completed n =46
EMA phase i
33
completed
FU1 completed n=32
FU2 completed n=24

University of
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UPK Basel, N =50

n=64

NYU & Langone Hospital, N =
50
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1.2 PREDICT: PREDICTING SUICIDAL THOUGHTS AND BEHAVIORS

Integrating passive sensing and EMA data

Target population: Transdiagnostic patients with suicidal thoughts and behaviors at hospital admission.
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Time since
discharge -5-3d +1d +28d +1m +/-3d  +3m +/- 3d
Zrocgdure 1d 4w 90 min 45 min
uration

University of
Zurich

| MULTICAST - an update

|G}

E1E3 ¢ N

>

MADRS

VAS Sleeping Scale

EEG

Video task

App installation

Self-rating questionnaires
Social Status Scale

Female Health Questionnaire
Intrusive memory interview
Passive sensing

Ecological momentary

assessments
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1.2 PREDICT: PREDICTING SUICIDAL THOUGHTS AND BEHAVIORS
Integrating passive sensing and EMA data

A prognostic model for suicidality
I
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1.2 PREDICT: PREDICTING SUICIDAL THOUGHTS AND BEHAVIORS
Integrating digital health data

Performance In
different scenarios

- Educational level, Income, age, gender

- Baseline depression
- History of suicide - What variables can be predicted reliably for the
next day?

Clinical Actionability

Is symptom deterioration predicted enough in
advance to intervene?
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PREDICT

-

0
I ™
&b
o z
H ® w
= - (U]
s | g
I
1E
Tk
- J/

\_

iE FU1 FU2
~N )
(7]

£ VAS Sleeping Scale

s Video task

~

& pmaprs
% EEG

0 App installation

[ Self-rating questionnaires
& Social Status Scale

& Female Health Questionnaire
B intrusive memory interview
[ passve sensing

[ Ecological momentary
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MUL

Predict & treat suicidality

EXPERIMENT

\_

TREAT

Just-in-time

intervention

Symptom threshold ’

adaptive
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2.1 FROM PREDICT TO EXPERIMENT

Integrating and modulating brain activity patterns

).

Afternoon

University of
Zurich

DISCHARGE

Replicate

T1

| MULTICAST - an update

t=1.5, p=.015, #edges = 1760

Modulate

Ablauf 3-7Tage

3-7 Tage

1. Termin 2. Termin l 3. Termin

4, Termin ]’ 5. Termin 6. Termin

®7 2 8% 5 8% =

By B

ca.2
3 Stunden Stunden

=

ca.2
Stunden

PUK Lenggstrasse  Online  PUK Lenggstrasse Online  PUK Lenggstrasse  Online

08.12.2025 | 51



PREDICT
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TREAT

Symptom threshold

Just-in-time
adaptive
intervention
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