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Key Talking Points

1. The growing importance of digital health solutions in addressing challenges of 5"°O'\:
aging populations and chronic diseases ... prevention > treatment & @,,
2. Why personalized health (esp. in long-term health considerations)? C§
3. How Al enables personalized healthcare interventions that adapt to individual O
needs and contexts? ®
4. Scoping Digital Health Interventions with the MAGnify Framework of Lenses
a) Use-Cases / Worked Examples on GenAl in Digital Health Interventions for Beh. Ch.
5. Key concerns including privacy, biases, accountability,
responsibility, explainability, etc.
6. Human-Al interaction design and development considerations
7. Need for long-term and integrated / holistic perspectives ...
Human-Al Relations in digital health and real-world implementations 8 é}
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N/

'. ' Digital Health and Prevention



@ Universitat Bremen*

Jan (David) Smeddinck

A UNIVERSITY OF a
SASKATCHEWAN

e PhD (Dr.-Ing.) in Computer Science / HCI, et stung p%¢ Seapk
University of Bremen, Germany Berkeley
*  “Human-Computer Interaction with Adaptable 5= Newcastle
and Adaptive Motion-based Games for Health” o'y Lniversity

e 2017 —2018: Visiting postdoc at the International Computer AVA |
Science Institute (ICSI), Berkeley, USA (DAAD IFl funded) (98 WAV L mevenin

e August’18 - 21:
Lecturer in Digital Health at Open Lab, Newcastle University

* Led Digital Health research group with 13 members

* Co-Director & Principal Investigator for Digital Interventions
and Data Analytics at the Ludwig Boltzmann Institute for
Digital Health and Prevention (LBI-DHP)
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15 years of work in digital health ..
... but times have never been more exc:tmg'
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Modern Societal Health Challenges:
Aging Society, Lifestyle Changes, CVD/
Chronic Afflictions & Physical Activity g

* People > 65 yearsin 2010: ~524 million; in 2019: ~703
million; in 2050: ~ 1.5 billion (wHo/ NiH, 2011)

e Regular physical activity: strong connection with well-
being and healthy aging (Bshm et al., 2009)

e Austria: < 50% of 18-64-year-olds meet the WHO PA
recommendation for 2.5 weekly hrs moderate aerobic
exercise and < 25% meet the recommendations for
aerobic + strength (statistik Austria 2019)

* healthy life years for persons aged 65+ in Austria
decreased from 11.35 in 2014 to 9.75 in 2019. main
drivers: obesity & mental health (Rechnungshof Osterreich 2023)

v v Digital Health and Prevention



Digital Health Technology e.g. in Cardiology
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Frequency of terms in titles +
abstracts in literature on digital
technologies in cardiology

Circle size indicates count-
Circle color shows average year
of publication

Distance between circles
indicates frequency of
simultaneous occurrence

Yeung, A. W. K., Kulnik, S. T., Parvanov, E.
D., Fassl, A., Volkl-Kernstock, S., Kletecka-
Pulker, M., Crutzen, R., Gutenberg, J.,
Hoppchen, 1., Niebauer, J., Smeddinck, J. D.,
Willschke, H., & Atanasov, A. G. (2022).
Digital technology cardiology applications:
Analysis of the scientific literature. JMIR, 35.



Due to Challenges / Needs:
Boom in Digital Health & DHAPPs -

« Aka “eHealth, mHealth, telehealth”, etc.

* Global digital health market:
USD 143.9 billion (2021)

* Projection for 2028: 367.2 billion

(Zion Market Research, 2022)

Digital Health Applications:

Potential for motivation, extension, improvement ...

.. diagnoses, treatments, accessibility, cost efficiency ...

> personalized health ("precision medicine"),
prevention > treatment

Zion Market Research. (2022, May 11). Digital Health Market—Global Industry Analysis.
https://www.zionmarketresearch.com/report/digital-health-market
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Located at the University Hospital Salzburg: (%)
Unique, Synergetic Environment

UNIKLINIKUM
SALZBURG

; PARACELSUS
e 4\ MEDIZINISCHE
X - UNIVERSITAT

Focus on applied research,
practical perspectives,
stakeholder involvement, ...

Highly interdiscipliniary and internatial
team of ~33 members / staff... 8
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LBI-DHP: Bridging Research & X7
Innovation in Digital Health

Digital health as a bridging competency

ﬁ University
Research ~

A
o International Syste':qez:g
= N State-of-the-Art w
- Jﬁ Orgs.

- Collab. with
x’% basic research ﬁ
{1&"_. Upcoming a

el technologies

ﬁ Business & EHHE

Industry :5,"\

~ Patients & m

Broader Public

]

Mission: foster lifelong, sustainable and heart-healthy physical activity...

. with research and innovation in digital health ...

Includes ML & Al work on: personalization, risk scores, predictive modeling,
just-in-time adaptive interventions, supporting shared decision-making, ...
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Working Principles & Process

AVA o

vA INSTITUTE
Digital Health and Prevention

We work in an
interdisciplinary
collaborative team to tackle
complex reseach challenges

Research Methods for Intervention Development
We use a range of research

methods to develop our
Digital Health Interventions

and the required Digital
Digital Health Interventions & Digital Infrastructure Infrastructure
Our Digital Health
Interventions are deployed
in various Patient and
Client Settings . " .
Patient & Client Settings We evaluate the

effectiveness of our Digital
Health Interventions using
B - . appropriate evaluation

A - research designs




Highlights from the LBI-DHP...
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Dig. Health Interv. & MORE

Digital Health Intervention Prototypes

AVA
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Healt Data
Interop. Saas = Bundesministerium

Klimaschutz, Umwelt
Energie, "-1rh litat
Innovation und Technologie

B DIGITAL HEALTH P

INNOVATION CHALLENGE

RIS AR '« of healthcare

Large-Scale

Research ® innovative
l I health

Collaborations initiative

IDERHA

' integrating health data
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Precision Health: Highlighting
Prevention over Treatment &
Tackling Personalization along
Patient / Health Journeys

Adaptive & Personalized Digital Health Interventions

v v Digital Health and Prevention
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Prevention > Treatment: Potential of Life- NOR

Accompanying Digital Health Technologies

« DHT can enable “precision” rehabilitation /
prevention interventions using wearable

sensors and machine learning
(Adans-Dester et. al 2020)

« Health digital twins (HDT) are virtual models of
patients that can offer predictive abilities and

personalized treatments
(Venkatesh et al. 2022)

AVA V5
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o
Accompanying Patient Journeys with Digital Health... CS

_

—
_h

@

burden of health / care

lifetime

LUDWIG
Av‘ BOLTZMANN
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Challenges: The Need for Personalization / fé%’
Challenging Dynamic Heterogeneities

bodies /

Toliy Profess-
) ) makers &als
- Heterogeneous application areas and groups care
Heterogeneous stakeholder landscape: B, Stakeholder  suppon
health workers, caregivers, family, friends, etc. Groups
- Differences in abilities and needs between individuals T Relaes
« variance in age-related afflictions £~
Developers Researchers

» differences in the progression of chronic disease
» differences in permanent physical ability

Ac.J.
abilities

long-term
medium-term

- age-related

reductions in abilities short-term

- learning effects

- chronic disease

- sickness - current mood

- etc. - etc. - medication

- weather, location,
schedule, etc.

N

time'
AvA e Smeddinck, J. D. (2016). Games for Health. In R. Dérner, S. Gobel, M. Kickmeier-Rust, M.
v v NSTI . Masuch, & K. Zweig (Eds.), Entertainment Computing and Serious Games (pp. 212-264).
Digital Health and Prevention Retrieved from http://link.springer.com/10.1007/978-3-319-46152-6_10 17



http://link.springer.com/10.1007/978-3-319-46152-6_10

Adaptive Digital Health Interventions for Behavior Change

aims / goals / ]
targets
e.g. exercise
intensity

In The Moment and Over Time:

\

frustration/ ~_
overexertion

AVA
A/

@\ -7
il boredom /
gl stagnation
-, I
-7 automatic (adaptive) adjustments
(adapted from Streicher & Smeddinck, 2016) abllltleS g

Alexander Streicher and Jan D. Smeddinck. 2016. Personalized and Adaptive Serious Games. In Entertainment Computing and

\
\
W INSTI]
Digital Health and Prevention Serious Games, Ralf Dérner, Stefan Gobel, Michael Kickmeier-Rust, Maic Masuch and Katharina Zweig (eds.). Springer

International Publishing, Cham, 332-377. Retrieved October 13, 2016 from http://link.springer.com/10.1007/978-3-319-46152-6_14

18
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Need for Personalization / B

Ad aptab I I Ity & Ad aptIVIty Also in-line with e.g. European Society of

Cardiology Guidelines to ,further work to

* Require manual adjustments: adaptability encourage and develop more frequent use
. of personalised exercise prescription to
« Adequate parameter sets for adjustments optimise lifestyle interventions for the
; . ; . . prevention and treatment of hypertension”
« Translation into application variables |
Hanssen, H., Boardman, H., Deiseroth, A.,

« Development of interfaces for manual adaptation " i b e a- & Soberg. £ £ 2059,

Personalized exercise prescription in the prevention
and treatment of arterial hypertension: A

BUT Often not SUff/CIent... Consensus Document from the European

Association of Preventive Cardiology (EAPC) and

2 Need for automated adjustments: adaptivity =220 Deveiie cadooo (EAn0) e
° H Igh freq ue ncy a nd Ievel Of deta || Journal of Preventive Cardiology, 29(1), 205-215.

* Not overburdening participants or third parties

* Heuristics or more complex models / ML/ Al

Most commonly identified implementation

Facilitate manual ADAPTAB¥LITY barrier for DHI: “Individual characteristics of end
+ automated ADAPTIVITY to achieve: users” —> PERSONALIZATION!!!

) e
Personall Z atlon Kowatsch, T., Otto, L., Harperink, S., Cotti, A., & Schlieter, H. (2019). A design
and evaluation framework for digital health interventions. It - Information
Technology, 61(5-6), 253—-263. https://doi.org/10.1515/itit-2019-0019

Alexander Streicher and Jan D. Smeddinck. 2016. Personalized and Adaptive Serious Games. In Entertainment Computing and Serious Games, Ralf
Dorner, Stefan Gobel, Michael Kickmeier-Rust, Maic Masuch and Katharina Zweig (eds.). Springer International Publishing, Cham, 332—-377. Retrieved
October 13, 2016 from http://link.springer.com/10.1007/978-3-319-46152-6_14

19
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@
Traditional Heuristics & Acceptance of Adaptive CS
Motion-Bases Games for Health

@ Universitdt Bremen*

® digital
Zi g
®°lab

Focus on difficulty and input interpretation (parameters):

> speed, accuracy + amplitude; parameter targeting range of motion of the player (e.g.
reach and flexibility of arms)
(Smeddinck, Siegel & Herrlich, 2013. Adaptive Difficulty in Exergames for Parkinson’s disease Patients. Graphics Interface 2013.)

\

Early peek into personalised / precision medicine...
.. ~ 1.7M€ BMBF-funded project 2015-18.

* Bundesministerium
. | fiir Bildung
3rd Generation MGH und Forschung
(Mobile) -
Sensor Mat Web g(fé);ag'\ll'itty
Platform ptivity 20




Engineering Personalized Health

Conceptual view: Implementation view:

Cross-Use-Case Abstract Adaptivity &
Adaptive Interventions Learning Layer

Inter-Session Adaptivi
3 ptivity & User/Group
JITAls Adaptivity @i el s R Adaptability Methods Modeling

Experlentlal External / User Sensor Data Patient Settings,

Outcome Generated Data DEtE DR SitwEye @ Streams & Reported Configuration,

Customisabilit Common
y Health Outcome o
InizrepeElisy METEBTE! Measures Measures Calibration

Personalisation Scoring /
| Adaptability Achievements EERIIEE Measures lediatey

Digital Interventions Digital Interventions Digital Interventions Modular & Configurable Modular & Configurable Modular & Configurable
Digital Interventions Digital Interventions

(e.g. habitual) (e.g. social) (e.g_ p|ayfu|) Digital Interventions (e.g. habitual) (e.g. social) @, pEv)

E.g.
Gruber, S., Neumayr, B., Reich, S., Niebauer, J., & Smeddinck, J. D. (2022). Towards Adaptability of Just-
In-Time Adaptive Interventions. Proceedings of DHealth 2022, 2.

Gruber, S., Neumayr, B., & Smeddinck, J. D. (2022, accepted). Towards Integration-Preserving

v LUDWIG
A BOLTZMANN Customization of Just-in-Time Adaptive Interventions with Composite Clabjects in RDF and SHACL. 2022
“ INSTITUTE ) ACM/IEEE Int. Conf. on Model Driven Engineering Languages and Syst. Companion (MODELS-C).
Digital Health and Prevention 23



Studying Personalized Health: fég

Integrated Digital Health Innovation Ecosystem

/N : :
phase 1 : phase 2 phase 4

phase 3

other apps
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Research Methods for Scalable Studies of

Continuous evaluation of evolving behavioral

Personalization in Digital Health incverion technologies (ezairs

Micro-randomised trial (MRT)

Behavioural Intervention Technologies (BITs) for evaluation: *  aktivplan
“Intervention” = reminder text © BITH#L —-

message BIT#2 - Ns) = 7296
n(30) = 1824
Observations of Participant Assess Proximal Assess Distal Effect size (incl, C1) Neo) = 456
Context Available? Deliver Outcome Outcome n(TS) =291
Randomise Intervention
Has a session been Smartphone reception Adherence to physical (=Primary Clinjeal — f K s e n(go) =202
planned later in the activity schedule as Outcome) | b TSy e oo
day, or very early the planned in aktivplan N(is0) = 73
following day? (next planned Adherence to physical H
session) activity P memmanieiviniier
t recommendations at 3
No Intervention No Intervention 6,12, 18 and 24 ¥
Tailoring Variables meonths
“(0.1) = 122 ? To be confirmed s
N2 = 34 Time
ﬂ(o.s) =18 AI aktivplan deplayed BIT#2 deplyed
z o = = . * BIT 41 discontinued
Sequential multiple assignment randomised trial (SMART) SO: BT L deployed  dus to ferority
Intervention Options Intensity . . .
*  N-of-1 stud b
: N-of-1 studies (subject receives treatment(s)
prr—— pm
aktivplan + rehabilitation professional contact ee . .
3 == and control in randomized order)
s
H H Intervention aim
. d
—~ | Composite endpoints o
( Rt | i P Non
N 4 n = 265 Component endpoint 1: Exercise capacity ; ||
\ nxo.m) — 264 Maximum mechanical power output (Watt) Chiange 245 W Change >-A5W ! Yes | Yes
aktivplan (0.20) — 4 0
o g _ Component endpoint 2: Physical activity i ; o
R(o.30) = 67 Moderate to vigorous physical activity (minutes per day) Change 2 10 min/day Change 10 min/day | tes L
Niaany = 66 il i ]
8§ 3§ &
Intervention successful
Carrozzo AE, Cornelissen V, Bathke A, Zimmermann G, Treff G, Kulnik ST (2024). Applying exercise capacity and physical activity as single Intervention failed
vs. composite endpoints for trials of cardiac rehabilitation interventions: Rationale, use-case, and a blueprint method for sample size
A'A LT? NN calculation. Archives of Physical Medicine and Rehabilitation. doi: 10.1016/j.apmr.2024.04.004
v:; v NSTITUTE Carrozzo E, Zimmermann G, Bathke A, Neunhaeuserer D, Niebauer J, Kulnik ST. Two-arm randomised controlled trial versus cumulative
Digital Health and Prevention  meta-analysis of n-of-1 studies: comparison of statistical efficiency in determining an intervention effect. In: International Conference 25

on Statistics and Data Science (ICSDS). 2022 Dec 13-16; Florence, Italy.



@
Accompanying Patient Journeys with Digital Health...

— Need to rethink scientific methods ..
_ h T Crose-Sections]
_ Research
L

Time

EJo )]0
ESJoeTJo )0
EJoe)oe)o
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L] ES)oED0ET o

&

EloECIoEC)e

burden of health / care

O Treatment
O No Treatment Population

GENERATED
WITH AL

lifetime

Lillie, E. O., Patay, B., Diamant, J., Issell, B., Topol, E. J., & Schork, N. J. (2011). The n-of-1 clinical trial: The ultimate strategy
for individualizing medicine? Personalized Medicine, 8(2), 161. https://doi.org/10.2217/pme.11.7

AvA LUDW Carrozzo AE, Zimmermann G, Bathke AC, Neunhaeuserer D, Niebauer J, Kulnik ST. Two-Arm Crossover Randomized
BOLT Controlled Trial Versus Meta-Analysis of N-of-1 Studies: Comparison of Statistical Efficiency in Determining an Intervention
\ /\ 4 ‘DI Tl Effect. Biom J. 2025 Apr;67(2):e70045. doi: 10.1002/bimj.70045. PMID: 40071868; PMCID: PMC11898578.

igital Health and Prevention
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Generative Al in Health

Adaptive & Personalized Digital Health Interventions
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Enter (Recent) Generative Al

Typical view on Al “capabilities”

pre GPT2/3/4 + Dall-E & Co.:

L = [
Haha that's adorable
the funny robot can
do monkey tricks!
1
(<))
O
c oo}y
O Human
o2
[
P’ INTELLIGENCE
c
e CHIMP - -
BIRD /
ANT / 55

Time

v. v Digital Health and Prevention

waitbutwhy.com

EINSTEIN

What 2021 — 2024
felt like:

Haha that's adorable
the funny robot can The heck?
do munkey tricks! | e e

e e i g _____ i S

DUMB HUMAN
Q
2
LIV I = = o e e e el . e e i e s
Q
.9 AI
— INTELLIGENCE
@ BRD B A
et
= \
L T T e LT

waitbutwhy.com

28



&g

Ubiquitous Al (also in Health) is already here...

 Translation tools etc. have been "in everyone's hands” for many years...
Increasingly rapid introduction of numerous applications also in science and
research (e.g. , protein folding diffusion; Wu et al. 2022)

* Applied (open source) ML/Al model markets are developing rapidly;
shortened "time-to-market" ...

 Alsolonger-term developments in digital health ...

* Medical image analysis: e.g. skin image scanner (Tschandl et al. 2020)
Speech-based biomarkers (e.g., detection of Alzheimer's dis.; Laguarta et al. 2021)
Cough and breathing analysis (e.g. infectious diseases; Despotovic et al. 2021)

Despotovic, V., Ismael, M., Cornil, M., Call, R. M., & Fagherazzi, G. (2021). Detection of COVID-19 from voice,
cough and breathing patterns: Dataset and preliminary results. Computers in Biology and Medicine, 138, 104944.
Laguarta, J., & Subirana, B. (2021). Longitudinal Speech Biomarkers for Automated Alzheimer’s Detection. Frontiers
in Computer Science, 3. https://www.frontiersin.org/articles/10.3389/fcomp.2021.624694
Tschandl, P., Rinner, C., Apalla, Z., Argenziano, G., Codella, N., Halpern, A., Janda, M., Lallas, A., Longo, C.,
Malvehy, J., Paoli, J., Puig, S., Rosendahl, C., Soyer, H. P., Zalaudek, I., & Kittler, H. (2020). Human—computer
. collaboration for skin cancer recognition. Nature Medicine, 26(8), 1229-1234.
A'A AMNN Wu, K. E., Yang, K. K., Berg, R. van den, Zou, J. Y., Lu, A. X., & Amini, A. P. (2022). Protein structure
v;’:;v NSTITUTE generation via folding diffusion (arXiv:2209.15611). arXiv. https://doi.org/10.48550/arXiv.2209.15611

L, Digital Health and Prevention



https://www.frontiersin.org/articles/10.3389/fcomp.2021.624694

0]
More Broadly Realizing the Potential of 9
Personalized Digital Health

* exciting developments in sensors, multi-device use ...

e _alldata is health data”

* needinvestment in open platforms and protocols / interop.

® Open data, protocol and platform initiatives!!!

(e.g. Open mHealth, FHIR HL7, GNU Health, OpenEHR ...)

* data ownership = asset ownership
° <> equity / social justice in digital health - EHDS

* better data / asset management (regardless where stored)

® Requires awareness + tools, modular and dynamic informed consent, etc.

* - need for analytics & prediction that tolerates sparsity and unique
multimodal personal digital health ecosystems ...

_ _ AN INTRIGUING MATCH FOR
* Now genAl/LLMs and conversational agents to possibly GENERATIVE Al (ESP. ON

hyper-sca|e persona“zed DHls (Martinego et al. 2023) THE EDGE / FEDERATED)”

. Martinengo, L., Lin, X., Jabir, A. I., Kowatsch, T., Atun, R., Car, J., & Car, L. T. (2023). Conversational Agents
N L in Health Care: Expert Interviews to Inform the Definition, Classification, and Conceptual Framework.
' ' Digital Health and Prevention Journal of Medical Internet Research, 25(1), e50767. https://doi.org/10.2196/50767
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Q
LLM in Digital Health: HealthGPT ®§}
& oseere

| connected ChatGPT to my personal health data on my iPhone. ”QUEfy yOUF Apple Health data Wlth natura/ /angUGQE‘”
Now, | can have a conversation with my digital health history.

The code is also public.

Say hello to HealthGPT |

GPT-4 take: HealthGPT Potential Functionalities:

s Personalized health recommendations

St Medical literature summarization

Over the past few days, you have been
‘sieeping as follows:

o Disease diagnosis assistance

April 13: 7 hours

Virtual health assistant

improving sleep
quality can help in reducing tiredness.
Aim for 7-9 hours of sleep per night and
maintain a regular sleep schedule.

Whnt‘s‘thewlndnm number of
psssiunsiussnenc s “HealthGPT.” Stanford Biodesign Digital Health, May 04, 2023. Accessed:

‘Over those days, the average number

Poues e et 725 hurs (29 May 04, 2023. [Online]. Available:
https://github.com/StanfordBDHG/HealthGPT

https://twitter.com/varunshenoy /status/1648374949537775616

AVA o7

vA INSTITUTE
Digital Health and Prevention
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Generative and Foundation Models in Health: $
Key Related Work: Med-PaLM2 (LLM) Google Health

High Quality Answer Traits

+  Med-PalLM first model (Dec. '22) to exceed “passing’ =

score on the US Medical Licensing Examination ——— - -
(USM LE) Better knowledge recall —_ S

«  Med-PaLM 2: 85% score on USMLE; multimodal -~ A
«  base LLM improvements, medical domain finetuning and

prompting strategies - . f . P:tentialAnswerRlsks _

« Med-PaLM 2 answers were preferred over physician Omits e formation B~
answers by a panel of physicians across eight of nine e esmeceosmamcus -
axes in evaluation framework (pairwise ranking w. Sl = '
>1k Consumer med. quest.) Greater likelihoo thﬁ!'mo . " ﬂﬁ“a o .

85% % Respor@ses
67.2%
60 I e » 60y IR T
m::r"*"" . v ' m:““"-""' o .

v.' v Digital Health and Prevention
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https://arxiv.org/abs/2305.09617
https://www.nature.com/articles/s41586-023-06291-2

Med-PaLM = Multimodal

* Datafoundation: MultiMedBench - 14 task dataset incl. medical Q&A, mammography +
dermatology image interpretation, radiology report generation + summarization,
genomic variant calling

* Claim: system exhibits novel emergent capabilities such as generalisation to novel
medical concepts and tasks

* Alternative lighter-weight approach: ELIXR grafts language-aligned vision encoders onto
a fixed LLM; requires less compute to train and shows promise across tasks incl. visual
QA, semantic sea I’Ch, zero-shot classification. https://arxiv.org/pdf/2307.14334.pdf (Med-PaLM-M), https://arxiv.org/abs/2308.01317 (ELIXR)

Dermatology

b ~ ‘-ij
Mammography .- e
Medical
N a1 s = Question L— —J X j
LIS Answering Mammography .
LLM Genomics | | ) Classification
3 Medical Visual - g ]
\\ Question %‘] 2
= Answering N = Dermatology
OUTPUT = o~ » Classification
B ‘
Radiograph Medical Image Genomic /
Classification
=) M d P LM M ) Variant Calling PR ":’]
ed-Pa Sy 1 1
Ungied) Radiology Pl !a‘
Report —]
Sompelizaten /' Visual Question
4. | / Answering
L Radiology g
= Report L el . »
(8 . 1] Generation Radio Report & » =
Radiology = Generation . =
Report =3 - j
Genomic :
. (== 9'0 Variant Calling =
X N Medical m | S| . tMecXcal )
v’y INSTITUTE ) Knowledge Radiology Report uestion Answering
A Digital Health and Prevention Pathology Summarization

MultiMedBench modalities and tasks » - Best Prior Specialist Model Capability Med-PalLM M Capability


https://arxiv.org/pdf/2307.14334.pdf
https://arxiv.org/abs/2308.01317

Health as a Top Al Investment Field

S invested in Al categories 2010-23

Amount invested in startups and scaleups using Al 2010-2023 YTD

0

enterprise software
transportation
fintech

toos I 542
—————— ™
socurty N 5+
media _ $328
semiconductors - $228
telecom - $19B
energy - $17B
education - $158

travel - $11B

jobs recruitment [ s118
real estate - $9B
home living [l $88
gaming . $78
legal . $6B
space l $48
sports I $48
hosting [ s38
fashion l 838
music I $3B
weliness beauty I $28
event tech | $810M
kids | $289M
dating  $238M

Data as of 14th Sep 2023

AVA -0

ViFil

BOB 1008

Datawrapper links:

https://www.datawrapper.de/ /OpK1K/

Deal volume in Al categories 2022-23

2022-2023 Amount invested startups and scaleups by industry

$1148
$1128

fintech
enterprise software

eneroy | I N A <77
transpertation | N, <+
food I +::>
marketing _ $338
security — $328
media [ s228
real estate _ $218B
semiconductors [N $200 Many scientific fields applying Al to accelerate

https://www.datawrapper.de/ /qZKKd/

https://datawrapper.dwcdn.net/1Yv8K/3/

https://datawrapper.dwcdn.net/nd7ah/4/

https://datawrapper.dwcdn.net/caSXi/2/
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robotics [N svee . . . . . .
caming [N 5138 progress, incl. physical, social, life and health sciences;
whouiiey SN 12 highest increase in number of publications: medicine
| jobs recruitment - 5108
| fashion [ $108 100000 W Immunology
space [ $98 W Agriculture
sports [ ss8 Social Sciences
W Chemistry

telecom [ se8
home living - $88
travel - $7B
wellness beauty - $78
legal . $58
hosting . $4B
event tech I $28
music || $28
kids | s28
dating | $197M

\Data as of 14th Sep 2023

M Neuroscience
| Psychology
B Economics
B Madicing

I Business
B Physics

B Mathematics

m dealroom.co via stateof.ai 2023


https://www.datawrapper.de/_/0pK1K/
https://www.datawrapper.de/_/qZKKd/
https://datawrapper.dwcdn.net/1Yv8K/3/
https://datawrapper.dwcdn.net/nd7ah/4/
https://datawrapper.dwcdn.net/caSXi/2/

0
Recent Examples of Large Al Models in Digital Health: ®$

Mental Health Support .
youper "

* Mental health chatbot (CBT)

 Found to be effective in reducing symptoms of depression and anxiety in
users (study n > 1000, 4 wks)

 Emerging patterns: ,Wrapping” around foundation model (likely still GPT-
4) + X (e.g. fine-tuning, pre-formulated prompting, personal data via
embeddings, etc.)

Foundation Refined Specialized Safety Security & Al for mental
Model Model Application Protocols Privacy healthcare

v
@

* Not positioned as a replacement of professionals! @ ,,flanking“

AvA LUDWIG Mehta, A., Niles, A. N., Vargas, J. H., Marafon, T., Couto, D. D., & Gross, J. J. (2021). Acceptability and
BOLTZMANN Ffacti e . . ; ) -
v INSTITUTE Effectiveness of Artificial Intelligence Therapy for Anxiety and Depression (Youper): Longitudinal

A Digital Health and Prevention Observational Study. Journal of Medical Internet Research, 23(6), e26771. https://doi.org/10.2196/26771



https://doi.org/10.2196/26771

GPT-4 with Medprompt > MedPalLM

GPT-4
-+ No fine-tuning (Medprompt)
-* Intensive fine-tuning (90.2) 'fﬁﬂ?ﬁo‘,’ﬁ
MMLU College
Medicine MedMCQA Dev
g 80 GPT-4
Iy (Simple Prompt)
g (81.7)
Qo
g MMLU College s
§ . Biology Required
- .'
£ ¢ Med-PaLM
& (67.2)
=
% 80 GPT-35,
2 2 MMLU ;
< (60.2), Professional m‘oﬁgme'“'
% ' Medicine g
=
50 : -®
BloLInkBERT o~ BioMedLm
45 - P 50, s

40 = PubMedBERT
(38.)

Sep2l Mar22 Oct22 Dec22 Dec22 Mar23 May23 Sep23 ~#- GPT-4 (Medprompt) —e— Med-PalLM 2 (Best) —s— GPT-4 (Simple Prompt)

Nori, H., Lee, Y. T., Zhang, S., Carignan, D., Edgar, R., Fusi, N., King, N., Larson, J., Li, Y., Liu, W,,
Luo, R., McKinney, S. M., Ness, R. O., Poon, H., Qin, T., Usuyama, N., White, C., & Horvitz, E.
(2023). Can Generalist Foundation Models Outcompete Special-Purpose Tuning? Case Study
in Medicine (arXiv:2311.16452). arXiv. https://doi.org/10.48550/arXiv.2311.16452

AVA -
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https://doi.org/10.48550/arXiv.2311.16452

Open Source: Meditron-70B

Cont. Pretraining Corpus

Selection of n
large-scale b
medical PubMed
Papers & Abstracts
sources
RedPajama
Replay data
Selection of
high-quality
medical

Medical Guidelines

Continued Pretraining

(-]
Pre-training corpus
L
Distributed Pretraining
continued
pretraining
~
s
Checkpointing

& performance
monitoring M M M

|
| Distributed
| finetuning

Supervised Finetuning

| Task-aligned [}
| instructions (353

Evaluation

In-Context Learning

What are the symptoms of ... ®
What causes seasonal flu ... @

What medication should @

be prescribed for ...

Chain-of-Thought (CoT)

You are an < —
expertdoclor .. ¢ e

¥
Let's think step-by-step.

Self-consistent CoT

Chen, Z., Cano, A. H., Romanou, A,,
Bonnet, A., Matoba, K., Salvi, F.,
Pagliardini, M., Fan, S., Kopf, A.,
Mohtashami, A., Sallinen, A.,
Sakhaeirad, A., Swamy, V., Krawczuk, .,
Bayazit, D., Marmet, A., Montariol, S.,
Hartley, M.-A., Jaggi, M., & Bosselut, A.
(2023). MEDITRON-70B: Scaling

e e s | e —— Medical Pret_rainin g for Large La_n guage
wescsaes : sl Rkl R _m? Models (ar.le:2311.16079). arX|v.
! https://doi.org/10.48550/arXiv.2311.1
Figure 2: MEDITRON. The complete pipeline for continued pretraining, supervised finetuning, and 6079

evaluation of MEDITRON-7B and MEDITRON-70B.

Meditron-70B vs. Commercial-level LLMs
B Meditron-70B  E GPT-3.5 EMed-PaLM-540B EGPT-4 @O Med-PaLM-2-540B

2 86.5
816 81.8 82.3[F]
0.0 790 [ 786 =3
%U 72.472.3
§70-0 i : S50 64.4
< 602 5
60.0 \ ; 57.6
o N
LL \ : 51.0 &
N 50.0 N % > 471
F 1IN ] : "
' ' Digital Health and Prevention § = \ = ﬁ
40.0 = o

PubMedQA MedMCQA MedQA MedQA-4-option



Q
,open Source” Models Health Topics Performance: ®9

USMLE Step 1 [ USMLE Step 2 [ USMLE Step 3 |

100% 1

80% 1 L ' . &) M

60% 1

Accuracy

40% 1

20% 1

0% 1

g8 € ewel
q/xg [elxIA
oqinL '€ 1dD
qcexg [eIXIN
qoZ € ewel
oginL ¥ 1d9
g8 € ewel
0QinL '€ 1dD
QX8 [eAXIN
qcexg [eixin
qo. ¢ ewelT
oginL ¥ 1d9
0oqinL '€ 1dD
g8 € ewel
a.X8 [eIXIN
ggexg [eAxiN
oginL ¥ 1d9
qoZ ¢ ewelT

USMLE: United States Medical Licensing Examination

/e
v v Digital Health and Prevention
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https://ai-assisted-healthcare.com/2024/04/21/llama3-70b-performs-on-par-with-gpt-4-turbo-on-answering-usmle-questions/

Q
On-Device / Edge-Ready (Medical) Models ®9

7B-range (workstation): BioMistral series (without fine-tuning)

Labrak, Y., Bazoge, A., Morin, E., Gourraud, P.-A., Rouvier, M., & Dufour, R. (2024). BioMistral: A Collection of Open-Source
Pretrained Large Language Models for Medical Domains (arXiv:2402.10373). arXiv. http://arxiv.org/abs/2402.10373

MMLU Commonsense Language Math Coding
Clinical KG  Medical Genetics Anatomy Pro Medicine College Biology College Medicine Reasoning Understanding

BioMistral 7B 60.9 214 61.7 sy 49.6 a2 55.1 a1s 56.9 a0 555 ua Llama-2 210
MOtra P benich ..., YT0n oo SO A0 s IOt oo SO e A 138 478 650 619 342 254
BioMistral 7B Ensemble  62.8 .. 62.7 w2 46,9 a1 57.0 s 60.6 s 56.3 s 08 s o2 . iy 283
BioMistral 78 DARE 61.3 w4 610 49.9 w0 553 a 6 oy 539 a4
BioMistral TBTIES 623 s 613 a0 Bl 558 120 365 45 Mitral ® >72 oo 67 o4 .
BoMistcal TRSLERE.  8ddsl 833 Dy Hdw 34, I Fri . 2 eos 620 o =7
MedAlpaca 7B 49.1 a1 49.0 w0 48441 63.8 s 47.2 s 43.5 us Table 1. Averaged performance on grouped benchmarks compared to popular open-source SLMs.
PMC-LLaMA 7B 25.3 a4 26.0 a0 319 as 16.9 s 28.0 24 249z
MediTron-7B 37.9 us 47.0 a0 39.3 s M2 426 a4 30.4 e
BoMedGPELMAB __ S00.o S0 62 M3eg W9 S5 _m-
GPT-1.5 Turbo 1106 7471 s 74.00 222 659246 727910 7291 ar 64.73 20 Gemini Nano 2 55.8
Phi-2 278 59.3 833 59.1 56.7

Table 2. Comparison between Phi-2 and Gemini Nane 2 Model on Gemini's reported benchmarks.

2-3B-range (mobile): Focus on very high quality training data - Phi-2

Gunasekar, S., Zhang, Y., Aneja, J., Mendes, C. C. T., Del Giorno, A., Gopi, S., Javaheripi, M., Kauffmann, P., de Rosa, G.,
Saarikivi, O., Salim, A, Shah, S., Behl, H. S., Wang, X., Bubeck, S., Eldan, R., Kalai, A. T., Lee, Y. T., & Li, Y. (2023). Textbooks
Are All You Need (arXiv:2306.11644). arXiv. https://doi.org/10.48550/arXiv.2306.11644

AVA

vv NGTITL Hughes, A. (2023, Dec 12). Phi-2: The surprising power of small language models. MS
Digital Health and Prevention Research. https://www.microsoft.com/en-us/research/blog/phi-2-the-surprising-power-of-
small-language-models/



https://doi.org/10.48550/arXiv.2306.11644
https://www.microsoft.com/en-us/research/blog/phi-2-the-surprising-power-of-small-language-models/
https://www.microsoft.com/en-us/research/blog/phi-2-the-surprising-power-of-small-language-models/

Generative Al in Health

Amazing possibilities!
But what do we do with them?

v v Digital Health and Prevention




Capabilities of DHI in Personal Health:
MAGnify: A set of Digital Health Intervention Lenses

DHI have especially noteworthy capabilities in ...
®* Motivation: Help build / maintain motivation (esp. for adherence to beh. ch.)

®* Analysis: Esp. based on multi-modal sensing and interaction traces:
Enable analyses and (objective) understandings

®* Guidance: Foster guidance (esp. where gaps in coverage by HCP exist)

Motivation

Analysis Guidance

41



Fostering Motivation in Personalized
Digital Health Interventions with
Generative Al

SmartPA, ,The Last JITAI
I. data biases & i: Theory of Mind

Motivation

Analysis Guide

vl v Digital Health and Prevention




Just-in-Time Adaptive Interventions:

Traditional Approach & Which Variables Matter? o= =<

SmartPA Study: 3-week EMA Design

weo w0 2w . (Transitional) Intention predicts |
‘ 4_ _____ PA:OR=27.87,p<.001
| o . eoehomes | Bridging the Intention Beh. Gap: **
* Mood : m - Planning (OR = 1.03, p <.001)
S e ey e i oot S ' - Self-Efficacy (OR =1.02, p = = o
= Physical Activities (retrospective) 014) o
- Intrinsic Motivation (OR =1.01, ...
p = .015) .
bif\mmi;l:g Planning S‘eaicl-Emr:fy

* Individuals more likely to form PA intentions when
feeling happy, active, or energetic
*  Less likely when external/contextual barriers high

i E g or when feeling tired
g L | * only PA intentions significant precursors of
Happy Active Er_mrgu!ic _Tlrpd .
oriar | oo | orcior | o0 | GontestualBaries subsequent PA behavior
pitinlse! Gl . neither contextual barriers, nor momentary affect
A KR Gl Gt « directly affected PA behavior.

Fig. 2. Observed Determinants of PA Intentions and Behavior
Note. *p < .05; boxes and arrows for Intention (yes — no) were proportionally partitioned to reflect how often intentions were reported and how often participants
gaged in PA d dent on their i tion report.

Haag, D., Carrozzo, E., Pannicke, B., Niebauer, J., & Blechert, J. (2023). Within-person association of volitional factors and physical activity:

LUDWIG Insights from an ecological momentary assessment study. Psychology of Sport and Exercise, 68, 102445.
AYA BO ARANN https://doi.org/10.1016/j.psychsport.2023.102445
v‘& INSTITUTE ) Haag, D., Smeddinck, J. D., Vogelsang, A., & Blechert, J. (2025). Contextual and affective precursors of physical activity intention and
- Digital Health and Prevention  onactment examined through ecological momentary assessment. Psychology of Sport and Exercise, 77, 102796.

https://doi.org/10.1016/j.psychsport.2024.102796

Motivation

050 Physical Activity

e
B ves

0.0

E
Intrinsic Motivation
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Revolutionary Potential of Generative Al: The
Example of Just-in-Time Adaptive Interventions

A type of personalization for e.g. DH:
, The just-in-time adaptive intervention (JITAl) is an intervention design aiming to provide the

right type/amount of support, at the right time, by adapting to an individual’s changing
internal and contextual state.”
(Nahum-Shani et al. 2018)

E.g. support with retaining PA adherence in longer-term rehabilitation or prevention journeys...

i
1
i Mechanisms underlying Mechanisms underlying
! adherence and retention the health condition(s)
i
@ 3 n?: : ’ t
0 ’_.-"A.‘ ‘ \“ /

I','

N

Decision

[:> Proximal :> Distal
Points i O i Qutcomes Outcome

" Tailaring 3

%, | Intervention Options

Nahum-Shani, I., Smith, S. N., Spring, B. J., Collins, L. M., Witkiewitz, K., Tewari, A., &

R Murphy, S. A. (2018). Just-in-Time Adaptive Interventions (JITAls) in Mobile Health: Key
AYA OLTZ INN Components and Design Principles for Ongoing Health Behavior Support. Annals of
A £\ AN _ Behavioral Medicine, 52(6), 446—462. https://doi.org/10.1007/s12160-016-9830-8
Digital Health and Prevention
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Motivation

Prediction & Personalization: Just-in-Time Adaptive
Interventions with Large Language Models
JITAIXLLM: explore viability of decision-making and content generation for JITAls with LLMs

Haag, D., Kumar, D., Gruber, S., Hofer, D.,

GuidN

Mechanisms underlying Mechanisms underlying Mechanisms underlying Mechanisms underlying SarEb'an’ M., TrEff’ G"l Nlebauer’ J. BU”, C.,
adherence and retention the health condition(s) adherence and retention the health condition(s) Schmldt, A., & Smeddlnck, J.D. (2025,
“?.u_\_‘_’f_,,_ ? accepted). The Last JITAI? Exploring Large

Language Models for Issuing Just-in-Time
Adaptive Interventions: Fostering Physical

/‘ /‘

Tailoring w
Decision Variables :> Proximal [:> Distal Decision
Points v Outcomes Outcome Points
", | Intervention Options

N\, 7
N ¥
Brosimal Distal Activity in a Conceptual Cardiac
Outcomes '::; outcome|| Rehabilitation Setting. Proceedings of the

ACM SIGCHI CHI 2025 Conference. CHI
2025, Yokohama, Japan.
https://doi.org/10.1145/3706598.3713307

From: Nahum-Shani, I., Smith, S. N., Spring, B. J., Collins, L. M., Witkiewitz, K., Tewari, A., & Murphy, S. A. (2018). Just-in-Time Adaptive Interventions
(JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support. Annals of Behavioral Medicine, 52(6), 446-462.

https://doi.org/10.1007/s12160-016-9830-8

. Sig. diff. for appropriateness,
engagingness, effectiveness,
professionality + implied
positive and negative affect

Response Rating

Response Generation

Generate Context

« Differences
between ,generator
group“?

* Interactions e.g.

with persona?

« 15 Combinations

« LayP, HCP, LLM

» Each 10 samples
per combination

* Send JITAI? Text?

Difficult?

« LayP, HCP, LLM
« Appropriateness,
Engagement, etc.

* 3 Personas
+ 5 Scenarios
* 2x HCP validate

. GPT responses consistently
most highly ranked for
decision and texts

Appropriate ey PR TR . No sig. |nteral1lct|oor|1 betw.
——i = »rater group” and ,persona”
Engaging e 2 ... i.e. no ,notable weakness
Efectia Qi A 3 N one area
| —G...3 T g <+  No ,bias” against Al by LayP
Prof i s et /3 R MU Z ” g
e T ' when ,unblinded” ...

group @ GPT -@ HCP @ LayP  DataSource -A- HCP -@ LayP

AVA :
viv Sigitu

Figure 3: Mean and 95% confidence interval indicators for ratings of JITAl quality and 45

| Health and Prevention expected affective responses by generator groups assessor category.


https://doi.org/10.1007/s12160-016-9830-8

Revolutionary Potential of Generative Al: The
Example of Just-in-Time Adaptive Interventions

Semantic Similarity Calculations

LayP

Similarity Scol

Full Message

Category

Requires further validation in practice; common ,,issues” with GenAl/LLMs do
appear to apply and may lead to e.g. faster ,messaging fatigue”

AVA 5
v v D|g|tnl HeoLth ond Prevention
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Revolutionary Potential of Generative Al: The
Example of Just-in-Time Adaptive Interventions

«  Complimentary concept: NOT a task HCP would ever execute at scale! -y

« Accuracy, safety concerns etc. ... BUT what if more rare than decision-
making errors by humans (even experts)? = cf. autonomous driving!?!

Key LLM / GenAl ability: handle sparse and varying contextual variables (NOTE: need to
combine ,vibing” & tool use; we used pre-computed parameters); transform between
structured and natural language representations (see also plugins / agents / GPTs)

I N ST EA D . “Hey there! You've already
crushed your weekly goal for
“Opportunistic” / “as rich as possible” moderate-intensity aerobic

data and information about the activity, but it's important to
keep the momentum going.

individual and their context 3 -l Since you have some free
&
@

e.g., goals, mood, weather, calendar, time in the evening, why not

preferences, medical conditions, .... schedule a run or group
fitness class? Remember,

every step counts towards

AvA DWIG your overall fitness goal.

WAWY etTure ' Keep up the great work!”
s Digital Health and Prevention 47




Common key concerns DO apply ... &

The World Map - Accuracy and transparency
according to the data Al sees . .
- Bias / fairness

Frequency of dataset usage by country . L

i st i 5 gl e - Transparency / exp|a|na b|||ty

- . Privacy

- Ethics & regulatory (EU Al Act!)

« Accessibility & inclusivity

Sources
Research by: Koch, Denton, Hanna, and Foster (2021)

Visual by: The Mozilla Internet Health Report 2022

INE TE
v”,, DTQ' al Health ond Prevention
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Sensitive Application Area &
,Litmus Test for Acceptability“

» Challenges are particularly prominent / are particularly to be avoided

« Digital health is sensitive in general e.g. considering:

Parkinson's disease patients (Smeddinck et al. 2013)

Older adults (Smeddinck et a. 2015)

Wheelchair users (Gerling et al. 2014)

Therapy with perpetrators of domestic violence (Beliini et al. 2021)
... currently: CVD patients

Bellini, R., Wilson, A., & Smeddinck, J. D. (2021). Fragments of the Past: Curating Peer Support with Perpetrators of Domestic Violence.
Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems, 1-14. https://doi.org/10.1145/3411764.3445611
Smeddinck, J. D., Herrlich, M., & Malaka, R. (2015). Exergames for Physiotherapy and Rehabilitation: A Medium-term Situated Study of
Motivational Aspects and Impact on Functional Reach. Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing
Systems, 4143-4146.

Gerling, K. M., Miller, M., Mandryk, R. L., Birk, M. V., & Smeddinck, J. D. (2014). Effects of Balancing for Physical Abilities on Player
Performance, Experience and Self-esteem in Exergames. Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, 2201-2210.

Smeddinck, J., Siegel, S., & Herrlich, M. (2013). Adaptive Difficulty in Exergames for Parkinson’s Disease Patients. Proceedings of the
2013 Graphics Interface Conference, 141-148.

AVA
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Digital health specific high-level guidelines
emerging ... (e.g. European Patients Forum 2023)

patients?

Akin to ,Guidelines for
Human-Al Interaction”
(MSFT) or ,,People + Al
Guidebook” (GOOG)...

2023 Survey Results: What can Al do for

O MORE TIME
TO CARE

+ DIAGNOSIS

ENHANCE QUALITY
AND EFFICIENCY OF
R&D

IMPROVE QUALITYOF () (O  DELIVER

PERSONALISED

f‘o’\ HEALTHCARE

i

AVA 2005
vﬂﬂxv Dlg: I-;é:Lé{;ond Prevention

9 Principles to Regulate Al in
Healthcare

RESPECT HUMAN

DIGNITY

ENGAGE PATIENTS

AND HEALTHCARE

PROFESSIONALS
ENSURE
ACCESSIBILITY
AND INCLUSIVITY

KEEP HUMANS IN

CONTROL
PROTECT HEALTH
DATA AND PATIENT
CONFIDENTIALITY

FOSTER RESPONSIBILITY

AND ACCOUNTABILITY

PRIORITISE
EDUCATION, TRAINING,
AND DIGITAL LITERACY

ADDRESS DATA
UALITY AND
INTEGRITY

ENHANCE
TRANSPARENCY



Why does this work so well?
GenAl /LLMs and Theory of Mind (ToM)

- ToM: ability to attribute mental states to oneself and others, crucial
for social cognition (Premack & Woodruff, 1978; Baron-Cohen et al., 1985)

- Recent LLMs show improved performance on ToM tasks: GPT-4: ~75%
accuracy on false-belief tasks ~ 6-year-old (kosinski, 2023)

« Instruction-tuned models outperform children on advanced ToM evals wan buiin etal, 2023)

« LLMs likely imitate rather than truly understand mental states (rely on
stat. patterns, not “genuine cognitive processes” (shapiraetal, 2023; Uliman, 2023)

« Even illusion of ToM can be beneficial: LLMs can enhance social

reasoning and support behavior change, e.g. in personalized health
interventions (kim et al. 2023; Haag et al., 2024)

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a “theory of mind”? Cognition, 21(1), 37-46. doi:10.1016/0010-0277(85)90022-8

van Duijn, M. W. A., van Dijk, B., Kouwenhoven, T., de Valk, W., Spruit, M., & van der Putten, P. (2023). Theory of mind in large language models: Examining
performance of 11 state-of-the-art models vs. children aged 7-10 on advanced tests. In Proceedings of the 27th Conference on Computational Natural Language
Learning (CoNLL 2023) (pp. 389-402).

Kim, D. S., Khera, A. V., Hafez, A., Kelliher, J. M., Nah, J., Harrington, R. A., ... Ashley, E. A. (2023). Fine-tuning large language models in behavioral psychology for
scalable physical activity coaching. medRxiv. doi:10.1101/2023.05.15.23290055

Kosinski, M. (2023). Theory of mind may have spontaneously emerged in large language models. arXiv preprint arXiv:2302.02083.

.v. UDWIG Premack, D., & Woodruff, G. (1978). Does the chimpanzee have a theory of mind? Behavioral and Brain Sciences, 1(4), 515-526. doi:10.1017/S0140525X00076512
JOLT ZMHNN Shapira, N., Levy, M., Alavi, S. H., Zhou, X., Choi, Y., Goldberg, Y., Sap, M., & Shwartz, V. (2023). Clever Hans or neural theory of mind? Stress testing social

v;ﬂ v NSTITUTE reasoning in large language models. arXiv preprint arXiv:2305.14763
Digital Health and Prevention  yman, T. D. (2023). Large language models fail on trivial alterations to theory-of-mind tasks. arXiv preprint arXiv:2302.08399 572



Augmenting Health Sensing and
Shared Decision-Making with
Generative Al for Analysis

Patient-Generated Health Data, Insight(Al)
I anthropomorphologization & i: triadic relationships

Motivation

uidance

vl v Digital Health and Prevention




Motivation

Multi-modal Health Data Example:
IDEA-FAST: Device Hub Application & Data Flows

[ Oreern @@ A6 B Bytellies  Everion [ ThinkFass EaDreem B AXG G Byteflies  Everion [ ThinkFast it i i
= B axe Eey = The pou’lmn of the mmg device needs @Dreem
adjusted to improve the quality of data recorded. o CONNECT

I D EA Data Volume Data Quality ADJUST DEVICE =
’) i Everion Vital Patch %0
L Vg 1 | 6=\ .
4GB . ‘_ﬂ = @ Byteflies T
(T L _
" - D

buidance

bated 2 days age

Welcome to DHAPP,
Please enter your 1D to begin.

T ﬁxivity N

pdated § days ago

How to adjustment placement on arm

eBedSensor

Progress Progress
9! °g Jodated 3 days ag

Yaur {0) Wear Time
[x429a Jays for 4/5 device

VERIFY

We‘ar Tu‘nre Move Monitor 1

e

Bete S Y [ Tk

pdated 20 minutes ago

Contributions Contributions

P & Stress Monitor
& - M 9768 s 4/5 X 7 M 9768

sted 1 day ago

7 45

Contributians

DataTransfer: High-level Flow

mm»h-—)m—> B WNTDRY
openlab I

== Newcastle k—/—’*

Q) vniversity

!

e —————

| retey, ERueue

Rainey, J., Verweij, D., Dodds, C., Graeber, J., Farhadi, F., Ali, R., Zhang, V., Bull, C. N., & Smeddinck, J. D. (2021). Data
Contribution Summaries for Patient Engagement in Multi-Device Health Monitoring Research. Adjunct Proceedings of the 2021
ACM International Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of the 2021 ACM International

Symposium on Wearable Computers, 536-541. https://doi.org/10.1145/3460418.3479371 >4



https://doi.org/10.1145/3460418.3479371

Motivation

Potential / Benefits of patient-generated data

1. Provide complete picture about patients to HCPs
Objectify information provided by patients

3. Promote communication between HCPs and
patients

4. Allows for reflection

5. Patients are better informed

6. Promote precision medicine

Image: A patient sharing their health data (from wearables)
with a HCP thereby engaging in Shared decision making

Lavallee, D. C., Chenok, K. E., Love, R. M., Petersen, C., Holve, E., Segal, C. D., & Franklin, P. D. (2016). Incorporating
patient-reported outcomes into health care to engage patients and enhance care. Health Affairs, 35(4), 575-582.
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Interoperability, Standards & Strategy:

Connected Health Model in Cardiac Rehabilitation

s (), CvD Risk factors Heart attack ’H ¥
‘“ Markus (57-year-old) N '

1+ patient journey
& HCP / CVD res. input

Conceptually:
& Qe Patient Health-

pravantion

Medical history Data Journeys

His hospital care team retrieved Markus’ personal profile and reviewed his medical history.

Markus reviewed his information and contacted his GP to correct an element of his medical history
(Markus can’t edit his EHR directly).

B

elga

(4

01

Health assessment
His rehabilitation care team retrieved data related to medical risk factors (lipid management, blood
pressure, diabetes), lifestyle risk factors (physical activity, tobacco use, alcohol use), and Information

on prescribed medication.

Activity prescription and care goals

Markus used a smart CR app for tracking his biometric & lifestyle data and his care goals.

Data were transferred to his physician through the app and his care team recorded the main
findings in ELGA.

Lifelong secondary prevention (r(
Markus plans to use a CR self-referral tool when he will engage independently to sustain his ;(‘
behaviour change towards a healthy, physically active lifestyle to prevent future attacks.

Source: Hussein R et al, Can PCD leverage connected health model for cardiac rehabilitation in Austria. 2023 May 18;302:8-12
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Digital Health Twins in Personalized Medicine ',O\'

* Integrate continuous data streams to mirror individual health status;
with generative Al enable personalized care (Mann, 2024)
* Combine physiological and behavioral data with clinical records; may
update in real time, enabling simulations and predictions (Mann, 2024) B
* Applications in Chronic Disease Management: r{eﬁsl.(r%g{:%arﬁég%to
*  Diabetes: Digital twins provided tailored diet and exercise recommendations, but now it meditates daily,

. . . L sleeps early, and judges
improving glucose control and reducing medication needs (Mayo Clinic Platform, 2024) my pizza habit.”

®*  CVD: Expected to transform prevention and treatment by fusing physiologic,
environmental, and clinical data into machine learning models (Thangaraj et al., 2024)

e Learning Loop: Projections refine future predictions as more
data accumulates, enhancing accuracy

Venkatesh K.P., Brito G., Kamel Boulos M.N. Health digital twins in life science and health care innovation. Annu
Rev Pharmacol Toxicol. 2024;64:159-170. doi: 10.1146/annurev-pharmtox-022123-022046.

Mann, D. L. (2024). The Use of Digital Healthcare Twins in Early-Phase Clinical Trials. JACC: Basic to
Translational Science, 9(9), 1159-1161. https://doi.org/10.1016/].jacbts.2024.08.002

.v. Thangaraj, P. M., Benson, S. H., Oikonomou, E. K., Asselbergs, F. W., & Khera, R. (2024). Cardiovascular care
N with digital twin technology in the era of generative artificial intelligence. European Heart Journal, 45(45), 4808—

v,y INSTITUTE 4821. https://doi.org/10.1093/eurheartj/ehae619
A, Digital Health and Prevention - . . . . . .
Mayo Clinic Platform. (2024). Digital Twin Technology Has Potential to Redefine Patient Care. Retrieved from

https://www.mayoclinicplatform.org/2024/12/23/digital-twin-technology-has-potential-to-redefine-patient-care/




Making practical use of patient-generated health data... =y

10-stage workflow for using patient-generated data:
Barriers and Enablers in Integrating Patient-Generated Patient and HCP Perspectives
Health Data for Shared Decision-Making Enablers
Objective: e T N~
_ _ _ _ _ i Lo e
Identify barriers and enablers of integrating patient Moo+ Cotuboraiv ook P axd AT« Beter g 5 oo

« Data trustworthiness = Technology Standardization « Better Communication

generated health data for shared decision making.

General Enablers and Barriers (A, B & C)
Search:

Medical EthICS and Law s/preprint-60490-submitted.pdf —— 10 % 9 h 8 ﬁ 7 «

o ) Pre-consultation (A) During Consultation (B)
Databases: PubMed, IEEE and ACM Digital Library * Data Sensemaking
. . * Reflecton
Time period: 2013 to 2023 T
Collect Integrate Align patient and Evaluate Judge Data
Dathi i i Date clinician Objectives Data Quality Quality
Included papers: 52 A
* 1 ) 3 ) 4 ) 5 ) 6
Identified Themes
Pavithren V S Pakianathan, Devender Kumar, 811 Burdonof  B2.1: Negative B3.1: Poor BA.1: Patient motivationis  BS.1: Unclear sccuracyand  B6.1: Insufficient time
Data Prabath Jayatissa, Hussein Rada, ot W« m :p:.-n'f'"';.'i..."“"...) mumnw gx::m
Josef Niebauer, Albrecht Schmidt, Jan Smeddinck E22 Trustwortiness  E3.2 Ease of ) 6.2 Sandadization of data
2_ Patient Provider Rela“onship (in review). Barriers and Enablers in Integrating
PatientGenerated Health Data for Shared |\ @ L
3_ Patient Characte rlstlcs Decision-Making Between Healthcare . Data Sensemaking
Professionals and Patients: A Scoping Review Pre- Decide on a § Co- P g
4. Organizational Factors print: httpsi//s3.co-central: fehden it B Deoes
1l.amazonaws.com/assets.jmir.org/assets/preprint !
5.
6.

Design and Technology 10-stage workflow model adapted based on 6- 1 o ey SRS
stage model in: West P, Van Kleek M, Giordano R, [rogreges fomres S - o 87.2: Unhelpiul structure
Weal MJ, Shadbolt N. Common Barriers to the Gl Aoy o :,,;.,,::';“:'m"' sl AT bt o e o
1 diagnosis. .4: preforences
Use of Patient-Generated Data Across Clinical E:zfm-qol “'...“z.,. b
data-anven decisions. 88.5: Differont insights for
Settings. Proc 2018 CHI Conf Hum Factors & E9.3 Actionabilty .;:;«.um
Comput Syst New York, NY, USA: Association for POSt-COﬂSU'tatlon (C) E8.2: Making sense of data
v £8.3: identifying patterns and
A A Computing Machinery; 2018. p. 1-13. Anomatey
vf?hv 3 doi: 10.1145/3173574.3174058 In-person SDM
Ak Digital Health and Prevention
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Newly identified enablers and barriers in italics = Previously Identified
Previously established enablers and barriers in bold Stages


https://s3.ca-central-1.amazonaws.com/assets.jmir.org/assets/preprints/preprint-60490-submitted.pdf
https://s3.ca-central-1.amazonaws.com/assets.jmir.org/assets/preprints/preprint-60490-submitted.pdf
https://s3.ca-central-1.amazonaws.com/assets.jmir.org/assets/preprints/preprint-60490-submitted.pdf

Motivation

Making practical use of patient-generated health data...

fuidance

Insight study: Identify challenges and opportunities of patient
generated health data (from consumer devices) for physical activity
planning and rehabilitation

Y 3 ~ ~ ~

Device usage and Physical activity | Card Sorting
data callection  »| planning session '"i';";‘l‘]":r:l’:::'“ ! Analysis b  Workshop
(2weeks) | (@0 Minutes) | L |1 | (1.5 howirs)

Part 1 - Situated study and Interviews with:

Participants (n=6)

T ) T I |

. _ Blood pressure monitor  Smart weighing scale - Questionaie & Observation | Observation
Healthcare Professionals (HCP) (n=2) e e B iings by Coo { Erere ] [ R ] | l k" ||
Withings devices + Healthmateapp |7 | - ‘ ‘

Designing for Patient-Clinician Collaboration in Data-
Part 2 - WOkahOpS with: Enabled Physical Activity Planning: Exploring Shared

H Blood :
i Pressure Blood Pressure | |
H Manitor :
| Weighing Body Composition | |
7] Scale Pulse Wave Velocty | |

. . Decision-Maki ith Patient- ted Health Dat
HCPs to consider data needs / best-practices 2¢<*/"aking with Patient-Generated Health Data

(in review)

|
|
|
|
|
|
|
|
|
|
|
Scanwatch |
|
|
|
|
|
|
|
|
|
|
|

: e
/" [Emwcamspacss“ I Regulatory Aspects I \
'/ /.) [ ility Aspects ‘[ O i Aspecls | \\.

/%\ \ S S I A

y
y
| / y
Device Usage & Data Collection e Bidhing
7 Offers insight Offers insight about | Offers Motivation| ;
abaut haalth physical activily I Personalized HCP explains
Participant Enablers habi —= Care health data
Perspective s Good Usability L=
I Inaccuracies in | [ Issues with )
L J | measuremant | | device sstup
Barriars
= |overview of Good | | Printed report | Data offers
HCP Enablers Patient Usability | gives ovarview | Objectivity
Perspective besereis
' Distracting Dala | issing information |
Barriers | abou raliabity \
| Missing information G
about quality Nan-standard Ul |

| Barriers and | Il | Lackottime |
L % Enablers in A T /
\\\ Situated Use N Pre-Consultation 1 K During Consultation /,
T 5 = / /
N =

%




Making practical use of patient-generated health data...

Insight study: Identify challenges and opportunities of patient generated health data (from

consumer devices) for physical activity planning and rehabilitation

Follow-up study: Al-enabled sense-making from patient-generated health data

Clinic

Home

@
dh

How is my health

status?

Give me an
overview of
the patient.

°

g

Generate a
report and send
data to HCP

Let’s see how your
physical activity levels
and health status is and

how we can improve your
physical activity.

s &
Clinic
Physical Activity Planning Consultation

PGHD ChatGPT
Interface
. Instructional x
h Y Contextual x
. Analytical
\\ Physical Wellbeing Prompts

& Fitness Data

Generative
Al Model
Interface

Personalized

Health data
sensemaking

' + recent advances in agentic Al,
% A and tool / computer use
-® i

The Patient + HCP + Al Triad

V S Pakianathan, P., Fatehi, A., & Smeddinck, J. (2024). Towards Al Augmented Personalized Data
Sensemaking. 10.18420/muc2024. https://dl.gi.de/handle/20.500.12116/44311

Why is this so interesting / important to consider?

AVA
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Key Concerns: Interacting with Systems that &
Produce Complex, Unpredictable Output

Traditional digital "tools" don't change by themselves (generative Al breaks with
established technology design rules on consistency, reliability, learnability, etc.);

if changing:

L1: rule-based (can be complex, but typically predictable)
L2: learning (pattern-based, may be predictable)
L3: generative (,creative”, less / not predictable)

vv INSTITUTE
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This Photo by Quentin Monnet
is licensed under CC BY


https://qmonnet.github.io/whirl-offload/about/
https://creativecommons.org/licenses/by/3.0/

Still a Helpful Tool:
Sheridan’s Scale of Automation

The computer provides... E y
ﬂ automatic
A , execution /
info about ignores

automatic user

2y momae W oxeton
“ A a chance execution asked for
m one to reJectrllts
approac .
A ) approach (Sherldon, ]998)
Alternative to be
no suggestions  approved
assistance

Vol
\\\\\\\.ll”l,///é

\

= =
Z N

This Photo by Quentin
Monnet is licensed
under CC BY
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https://creativecommons.org/licenses/by/3.0/

Anthropomorphologization

e "The computer didn't like
me today."
"I feel let down by my
. - Word editor.”
T ——— "The system doesn't want
R to do what | want."

This Photo by TV Tropes is
licensed under CC BY-SA

This Photo by smilekiddo is
licensed under CC BY-NC-ND

v v Digital Health and Prevention e


https://allthetropes.org/wiki/Cats_Are_Superior
https://creativecommons.org/licenses/by-sa/3.0/
https://smilekiddo.wordpress.com/2011/10/27/a-thin-line/
https://creativecommons.org/licenses/by-nc-nd/3.0/
http://www.crookedbrains.net/2013/03/creative-cool-eyelashes-for-your-car.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Justification Practices,
Responsibility, Accountability

Al technology is problematic when it obscures who is making a decision
- shift in perceived ,, locus of responsibility“? = accountability!?!

non-interactive system fully autonomous agent

== Level of Automation /,,Agentism*

=== Perceived Locus of Responsibility

“the system/'’it’ decided to/told me to shoot”

“l fired the gun”

Smeddinck, J.D. 2023. “That’s What It Told Me”: On the Need of Understanding Justification Practices and of Positioning Accountability
in Decision Support Systems in Digital Health. CHI’23 workshop on Identifying Challenges and Opportunities for Intelligent Data-Driven

Health Interfaces to Support Ongoing Care (IDDHI2023)

hJ

AVA N
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Emerging research field:
Human-Al Interaction

Terminology still developing ...

";-‘f.t*- . Human-Al Interaction
- (HAI/HAII/HAIX)

Human-Centred/Centric Al
(HCAI)

Al Interaction Design (AIXD)
Al User Experience (AlUX)

-

... differences in emphasis / angles ...

65


http://paul-baxter.blogspot.com/p/research-details.html
https://creativecommons.org/licenses/by-nc-nd/3.0/

Generative Al for Providing Guidance
where / when HCP are not Available

GPT-Coaches, Active Waiting, Venting
I: hyperchondriacs & i: intelligence augmentation

Motivation

Analysis

vl v Digital Health and Prevention




Motivation

Active Waiting: ,,Swiss Knife“ for ,,Opportunistic PA“ -

Y
aja
Ua
«r

You are waiting for an appointment?

eessee

Please add the following information
Saved setting (O

Last setting -

Exercise types ()

Discreet exercises only ()

O Yes No
Favourite exercises only
O Yes No

START EXER

\ / l:j'f‘_‘fhfl.
4%4 oo
Aﬁ. Dlgltul HeuLth and Prevention

Single leg glute
bridge

»

&d& GA

SINGLE-LEG BLUTE BRIDGE

v Hide instructions

Starting Position

= LLie 0n your back with your arms by your siles, knees.
mwwmmww

Execution

+ Raise one leg and litt your hips as high as you can. Lower
your hips, ropeat, and then switch lega

E

Well done!

You spend your waiting time of 00:56
minutes doing exercises!

Exercises

00:55 min

e Altemnate Heel Touches W
* Single leg glute bridge

00:01 min

SAVE USED SETTINGS

SHOW MY PROFILE

a

My profile

You have already spent 14:01 minutes of
your waiting time doing exercises!

Thereof this week: 03:04 minutes

« ButtKicks W
* Situp W

Completed sessions

Exercise session 27.04.2023
09:38 minutes i total

72



Motivation

Active Waiting — GenAl-enabled AR version

Du wartest auf den Bus?

Bitte trage folgende Informationen ein
Gespeicherte Einstellung ()
Letzte Einstellung

Ubungsarten ()

@ Beweglichkeit
¥ nung Koordination & Balance

Nur unauffallige Ubungen (O
QJa Nein

Nur favorisierte Ubungen
QJa Nein

UBUNGEN STARTEN

l Digitané.tﬁ.L& and Prevention

Take a photo of your current surroundings Take a photo of your current surroundings Recommended Exercises:

Chair dips: Tricep strengtheners. Sit on
the edge of a sturdy chair with your
hands shoulder-width apart on the

armrests. Slide yourself off the chair
‘ slightly, bending your elbows at a 80~
degree angle. Lower yourself down
v until your elbows are bent at a 90-

degree angle, then press back up to
starting position.

Seated Calf Raises: Sit with your feet
flat on the floor. Raise your heels off
the ground, squeezing your calves, and
then slowly lower them back down. You
can add difficulty by doing this on one
leg at a time. Aim for 15-20 repetitions
per leg.

« Arm Raises: Sit tall with your arms at
TAKE PHOTO RETAKE PHOTO your sides. Raise your arms out to the
side until they are parallel to the

ground. You ean hold light weights
o = (water bottles work!) for added
Ubungsarten (D Ubungsarten (© resistance. Slowly lower them back

down. Perform 10-15 repetitions.
Koordination & Balance 3 Koordination & Balance REGENERATE O

Nur unauffallige Ubungen (i) Nur unaufféllige Ubungen ()

O el Oua Nein USE ANOTHER PHOTO
USE THIS PHOTO USE THIS PHOTO

=
L

Before our ,Al assumes
there will be chairs® fix! ©
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Longer-Term Guidance: Assess & Support

health care system
touching points

periods lacking
information & support
(esp. outpatient and
beyond)

Traditional Care

Digital Health Technology Supported

enables continuous picture

of patient health (data)
journey e.g. for HCP

patient journey EE—)

e.g. Modular Open Research Platform
(MORE): Study manager + companion
app for ,life-accompanying studies*

aktivplan
(motivation &
guidance)

MORE 7

Platform
(observe &
measure)

e.g. aktivplan: patient companion application for activity
planning, reporting + motivation, guidance and support

Vi

NN

Motivation

Analysi

74
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MORE

-

MORE-Configurator

Web interface for researchers to manage
studies and participants.

=

~

Data Collection Modules

Observation modules available to researchers when
setting up a new study.

mobile screen status | heart rate verity sensor

JITAI study functionality

accelerometer

send push message

&
|
o)

MORE-App

Native mobile app for Q

study participants.

X
REST API

)
Integrated
Database

The Modular Open Research Platform [MORE] is a GDPR-compatible and
source-available web and mobile application to assist researchers in
gathering data and running studies accompanying people in daily living.
With near real-time data transfer, personalized interventions, and
seamless integration with sensors and surveys, MORE streamlines
research.

@ features

e modular near real-time sensor data collection
e flexible and modular self-reported data
e study role delegation

e safe and secure data collection

¢ desktop/web and mobile apps QA{) OREm_,

https://more-platform.at/



https://more-platform.at/

Research Automation, Continuous Assessment
& Adaptive Interventions

MORE: Modular open research platform for conducting

longer-term, lifelong studies with multimodal data collection o

(questionnaires + sensor technology);
WISS 2025 Research Infrastructure: Planning tool
(professionals) + study-participation app

* lteratively developed with stakeholders (Pakianathan et al. 2023).
use in several test studies and two independent studies

(SmartPA2 and ActiveWaiting https://clinicaltrials.gov/study/NCT06321926)

* External inquiries / interest in use (local and international,
e.g. PLUS, TNO, KU Leuven, EPFL) and possible
commercial exploitation

* Avallable as research infrastructure + source code
* Use in ongoing projects (e.g. FFG KlimaFIT)

Motivation

———

% OREus | sayed @

(=] e e ]a]

[ =] o [ 4]

Pakianathan PVS, Wurhofer D, Kumar D, Niebauer J, Smeddinck J. Multi-Stakeholder Design for Complex Digital Health Systems: Development of a Modular Open

% Research Platform (MORE). Stud Health Technol Inform. 2023;301:204-209. doi:10.3233/SHTI230040

PREHAB”REHAB

Time. A Waitlist Control Study (Clinical Trial Registration NCT06321926). clinicaltrials.gov. https://clinicaltrials.gov/study/NCT06321926

Ludwig Boltzmann Institute for Digital Health and Prevention. (2024). Evaluation of the “ActiveWaiting App”; Encouraging Active Exercise-related Use of Waiting
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Motivation

Multi-level Modeling for Customization of Just-in-Time
Adaptive Interventions: Scalable with Generative Al

* Towards integration-preserving customization of JITAls ?’""’“’“”“‘ """"" S ——

A

in RDF and SHACL (consist, modular, comparable) O [ e e [
) ) ) . Personalized Activity :IITu s | 1o la(al? JI;;J SWEI;
* Needed to systematically build / share insights about R L o)
. . . T, SRR I B i iny Configured .TIIT::I | Paxu:;gi; s
approaches / components of adaptive interventions O | [ i el |2 il |
* GenAl-enabled conversion + formal check

® Persistence and structure + real-world

MORE-Configurator Q MORE-App g @OR&
Web interface for researchers Mative mobile app for
to manage studies and participants. study participants.
Research Modules ] REST API
Available to researchers when setting up a new study. O

S— Time Series
w@ ‘ Database

send push message J| JITAl interfac

Funded by (W1SS2025): §& KAND, - -

s Gruber, S., Neumayr, B., & Smeddinck, J. D. (2022). Towards Integration-Preserving Customization of Just-in-

A'A OV T M AL Time Adaptive Interventions with Composite Clabjects in RDF and SHACL. 2022 ACMY/IEEE International

vv JSTITUTE Conference on Model Driven Engineering Languages and Systems Companion (MODELS-C). 2022 ACM/IEEE
Digital Health and Prevention  International Conference on Model Driven Engineering Languages and Systems Companion (MODELS-C).




Motivation

Conversational Interfaces (Chatbots) for @
Venting & Emotional Wellbeing Support

(Viana (Nijia Zhang), 2024, supervisee, PhD Thesis)

* UK Working Parents (mothers, fathers, lone parents) report
significant emotional strain, stress, guilt, and work-family
conflict, often lacking accessible, private, non-judgmental
support channels (zhang, 2024; ONS, 2022)

* Specific needs include offloading emotions, seeking
reassurance/practical advice, and feeling understood

"Venting Bot" Concept:

* Purpose-built conversational interfaces (rule-based or Al-
driven) designed as dedicated, interactive channels for users
to articulate, offload (‘'vent’), and process negative emotions
and challenging experiences

AVA 7 #5= Newcastle
VAV et TE + Universit
AWV Digital Health and Prevention y

openlab



Motivation

Conversational Interfaces (Chatbots) for @
Venting & Emotional Wellbeing Support

(Viana (Nijia Zhang), 2024, supervisee, PhD Thesis)
Mechanisms & potential impact:

®*  Support Pillars: achieved via accessibility (24/7), Non-Judgmental Space (encourages candid
disclosure, Potts et al., 2021), Simulated Validation ("being heard"), Cognitive Structuring
(organising thoughts, Pennebaker, 1993), and User Control (privacy, low social burden)

* Wellbeing outcomes: Studies (ES1-ES3) indicate potential for increased calmness/control,
decreased short-term anxiety, improved emotional regulation (especially when paired with
mindfulness - ES3), and enhanced self-awareness

®*  Functional integration: Venting valued alongside practical info, reminders, & recording features
Key design considerations & challenges:
*  Empathy/Authenticity Balance: Crucial to avoid perceived insincerity; trust is key

®* Reliability & robustness: Contextual understanding (Al models) & error handling are vital for
user retention

®* Context & personalisation: Relevance > generic responses; difficult but important

Ethics: Non-negotiable focus on privacy, transparency, managing expectations, & clear
signposting to human/professional support...

AVA 7 #5= Newcastle
VAV et TE + Universit
AWV Digital Health and Prevention y

79

openlab



Motivation

“Coaches in Your Pocket”

® 24/7 personalized support: LLMs act as always-available health coaches across domains like
mental health, fitness, and chronic care (Hegde et al., 2024)

®* Expert-level quality: Generative Al can match or exceed human health coaches in perceived
appropriateness and helpfulness (Ong et al., 2024; Jacobson et al., 2025)

®* Mental health: Systems like Therabot use fine-tuned LLMs to deliver CBT-based
conversations, showing clinical impact in anxiety and depression (Jacobson et al., 2025)

®* Fitness / PA coaching: GPTCoach applies behavior change theory and wearables to
generate personalized workout plans and messages (Jorke et al., 2024; Hegde et al., 2024)

®* Chronic disease: LLMs help patients manage conditions like diabetes and hypertension with
tailored advice and health education (Al-Anezi, 2024)

®* Multimodal assistants: LLMs fine-tuned on wearable and health data offer holistic coaching

across domains like sleep and physical activity (Cosentino et al., 2024)

Al-Anezi, F. M. (2024). Exploring the use of ChatGPT as a virtual health coach for chronic disease management. Learning Health Systems, 8(3), €10406.

https://doi.org/10.1002/Irh2.10406

Cosentino, J., Belyaeva, A., Liu, X., Furlotte, N. A., Yang, Z., et al. (2024). Towards a personal health large language model. arXiv preprint, arXiv:2406.06474

Hegde, N., Vardhan, M., Nathani, D., Rosenzweig, E., Speed, C., & Seneviratne, M. (2024). Infusing behavior science into large language models for activity coaching.

PLOS Digital Health, 3(4), e0000431 https://doi.org/10.1371/journal.pdig.0000431

Jacobson, N. C., Heinz, M. V., Mackin, D., Trudeau, B., Bhattacharya, S., et al. (2025). Evaluating Therabot: A randomized controlled trial of a generative Al therapy

chatbot for depression, anxiety, and eating disorders. NEJM Al, 1(1). https://doi.org/10.1056/Al0a2400802

Jorke, M., Sapkota, S., Lee, S., Liao, Z., Brunskill, E., & Patel, S. (2024). GPTCoach: Towards LLM-based physical activity coaching. arXiv preprint, arXiv:2405.06061
Ong, Q. C., Ang, C.-S., Chee, D. Z. Y., Lawate, A., Sundram, F., et al. (2024). Advancing health coaching: A comparative study of large language model and health

_coaches. Artificial Intelligence in Medicine, 157, 103004. https://doi.org/10.1016/j.artmed.2024.103004
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https://doi.org/10.1016/j.artmed.2024.103004

HYPERchondriasis in the Era of
Pervasive Health Tracking I —

Hypochondriasis: Excessive concern about having a serious illness
despite medical reassurance

®* Misinterpretation of normal bodily sensations as
indicators of severe disease

*  Frequent medical consultations seeking validation
®* Persistent health-related anxiety impacting daily life

Confirmation Bias

Information Overload

GENERATED
WATH A1

Hyperchondriasis: Heightened health anxiety fueled by constant monitoring and analysis of

personal health data from wearable devices and health apps
(term not formally coined, but see also: https://www.hcplive.com/view/hyperchondriasis)

Similar potential consequences as above; contributing factors:
¢ Continuous health data tracking: Real-time data on metrics like heart rate and sleep patterns.

* Information overload: Easy access to medical information online leading to potential
misinterpretation; now bottomless and genAl

* Confirmation bias: Seeking information that aligns with existing health fears, exacerbating
anxiety = genAl is the ultimate custom echochamber multiplier

v.' v Digital Health and Prevention
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https://www.hcplive.com/view/hyperchondriasis

Clippy’s Revenge?
DRWCI.IPPY

It looks like
| you're suffering
\| from anxiety.
\ | Shall | manipulate
\ your emotions?

YOUR FRIENDLY
Al DOCTOR

Joke-GPT:
“Shurely you’d want to be a ‘better’ version of yourself!?!
Because what could go wrong with digital paternalism?”

https://en.wikipedia.org/wiki/Office Assistant
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Longer-Term: Intelligence Augmentation -O-
& Human-Al Relations

®* Aland ML systems as permanent interaction partners; increasingly in conversational / agent-like

interaction modalities ... possibly highly immersive .... (see also NilRen et al., 2022; temp. dyn.)
® more complex "patterns of behaviour" or outcomes that are difficult to predict O é}

®* Impact of continuous / life-accompanying interactions C
- Research into successful design principles @
- Interdisciplinary approach (incl. psychological & sociological backgrounds)

®* Al /IA: Computing machines will do routine work; prepare the way for insights and decisions in
technical and scientific thinking (Licklider); “elegant combination(s) of reasoning machinery and
direct manipulation” (Horvitz)

*  “Flanking” use-cases “abstaining from decision-making” can be relevant approach, but:
Idecision-making != !decision-influencing ... (cf. ,locus of responsibility)

artificial
intelligence

intelligence
augmentation

... Al'is ,increasingly agent-like” ... ... Al as ,,rocketships for our minds” ...

A'A B IN NiBen, M., Selimi, D., Janssen, A., Cardona, D. R., Breitner, M. H., Kowatsch, T., & von Wangenheim, F. (2022). See you soon
!;V Digital Health and Prevention  @8iN, chatbot? A design taxonomy to characterize user-chatbot relationships with different time horizons. Computergs?in
Human Behavior, 127, 107043. https://doi.org/10.1016/j.chb.2021.107043
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The Future is Already Here:
Health apps on request ...

- AW+AI with Replit

- aktivplan concept prototype with Gemini 2.5

15 Agent + Peogress Consnle (0 Wietwew

(oo —— | x

“generate a behavior change support
Buitd & mobile app that recommende exercises » e A e Home History & " . - . . ..
s oA sy e Sl i application for fostering physical activity as

Sourdation model 16 genarate recommendations.
Inctude 8 function to stare “fayorte” recommended

exsacisay (togather with tha picture of the situstion)

a preventative measure for people living
ik s v g with CVD risk factors (pre-clinical / not yet
T patients); optionally make it link with google
) fit if the user wants to enable it. make the
web app centered around a calendar for
scheduling and reporting planned activities.
optionally implement this as an
augmentation of an existing calendar tool, it by v
such as google calendar, so that people
can easily overlay planned activities with
other planned elements of their day. make
sure to implement as a progressive web

Get Exercise Recommendations

Absoltely! Let me proposs what well build for you.

ActiveDay Planner

1p showing a monthly calendar. Datads not

ting activity item within a day ce

This Week's Progress

0/ 150 Moderate Minutes Achieved

app that is also mobile-ready.” T
‘ April 2025
P\ /CE «  Manual implementation costs: 4 -5 figures o

WAV et TUTE . Al compute cost: cents
A, Digital Health and Prevention 84



Generative Al in
Personalized Digital Health

Amazing possibilities!
But what do we do with them?

v v Digital Health and Prevention




Generative Al in Digital Health: yay/nay?

* Interaction with more prominent role of individual model
users also offers opportunities for model improvement

In digital health applications: privacy and security
particularly relevant 2 new approaches, such as
federated learning ...

* Local execution and control over model(s)
e.g. OS foundation models “democratizing” Al

federated
learning

model
deployment

see: federated learning

' l Di\git)u'l Health and Prevention

Dall-E: “a person with digital tatoos on the arms that show

vital signs and health information standing in beautiful nature
digital art”

StableDif: “face with intricate and detailed light-emitting tatoos
showing health information and vital sign visualizations heart rate
ultra HD realistic wide focus

StableDiffusion: “digital health tricorder used to scan a
human body in the future unreal engine hyperdetailed
realistic 4k octane”

StableDiffusion: “a virtual doctor helping a patient with a
cardio training app”
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https://ai.googleblog.com/2017/04/federated-learning-collaborative.html

Key Implementation Challenges:
esp. regulations (akin to health data interop.)

Connected Health Barriers Regulations

+ Digital health
reimbursement

+ Certification body
for apps and
sensors (quality)

Interoperability

Technical Challenges

* Integration of

Democratization

Data ownership

PGHD and PCD
with Electronic
Health Records

Patient safety
and evidence-
based research

Transparent,
understandable,
explainable, and
fair of Al

and control

- Data protection,
privacy, and
dynamic
informed consent
Promoting data
sharing, donation
and altruism

Acceptance

* Low levels of
digital and health
literacy
Upskilling health
professional
Moving towards
remote home-
based solutions

Ethical Concerns

Societal Factors

via Rada Hussein et al.

Av LUDWIG
BOLTZMANN
YA INSTITUTE
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Challenges in Digital Health: &
“Scalability Issues” /| Technology to Practice Gap

- Great opportunities in rapid technological development
(E.g. Al'in DH: Topol, 2019)

- Advancements often do not reach the general public
“Digital Divide”: gap between those who have access to
tech. and those who don’t

. Limiting general factors on affordability / accessibility;
geographical location, socioeconomic status, age,
education (oecp 2019, WHO 2021)

- Alis (getting) cheap;

it WILL be used ... 11!

v v Digital Health and Prevention



https://commons.wikimedia.org/wiki/File:Mind-the-gap.jpg
https://creativecommons.org/licenses/by-sa/3.0/

Capabilities of DHI in Personal Health:
MAGnify: A set of Digital Health Intervention Lenses

DHI have especially noteworthy capabilities in ...
®* Motivation: Help build / maintain motivation (esp. for adherence to beh. ch.)

®* Analysis: Esp. based on multi-modal sensing and interaction traces:
Enable analyses and (objective) understandings

®* Guidance: Foster guidance (esp. where gaps in coverage by HCP exist)

.~ MAGIC | MAG.[.C. D

M0t|vat|0n Motivational, Analytical & Guidance Intervention Capabilities DHI have eSPefi.a‘lly poteworthy
MOTIVATION | ANALYSIS | GUIDANCE Spabiltesie
Help build / maintain Esp. based on multi- Foster guidance (esp.
motivation (esp. for modal sensing and where gaps in coverage
adherence to beh. ch.) interaction traces: by HCP exist)

Enable analyses and

ol (objective) understandings

i
ks 5

Analysis Guidance

9‘ ‘ ion Analysis Guidance
- 4B = Esp. based on multi-modal .
sensing and interaction traces: Foster guidance
‘v (esp. where gaps
{2  Enable analyses and in coverage by
| == (objective) understandings HCP exist)
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Immense Value of Digital Health Interventions

« Key towards more quality-adjusted life years

* Urgent need for longer-term research as most conv. Agents in DH
aleady long-term oriented (car et al., 2020)

. — h
1] _
o
7
o QALY
E (quality-adjusted
° life years)
© ;
o ierventions
- -8 - R ] T/
v A xR/ Aed

lifetime

Car, L. T., Dhinagaran, D. A., Kyaw, B. M., Kowatsch, T., Joty, S., Theng, Y.-L., & Atun, R. (2020).
Conversational Agents in Health Care: Scoping Review and Conceptual Analy5|s Journal of Medical
Internet Research, 22(8), e17158. https://doi.org/10.2196/17158



https://doi.org/10.2196/17158

Key Talking Points

1. The growing importance of digital health solutions in addressing challenges of 5"°O'\:
aging populations and chronic diseases ... prevention > treatment & ? @,,

2. Why personalized health (esp. in long-term health considerations)?

3. How Al enables personalized healthcare interventions that adapt to individual O
needs and contexts? ®

4. Scoping Digital Health Interventions with the MAGnify Framework of Lenses
a) Use-Cases / Worked Examples on GenAl in Digital Health Interventions for Beh. Ch.

5. Key concerns including privacy, biases, accountability,
responsibility, explainability, etc.

6. Human-Al interaction design and development considerations
7. Need for long-term and integrated / holistic perspectives ...

Human-Al Relations in digital health and real-world implementations 8 é}
-> LBI-DHP digital health technology ecosystem Al

v v Digital Health and Prevention
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Key Takeaway Messages

<O~

1. GenAl can transform personalization: to drive personalized & adaptive digital @2:’
health interventions, especially for chronic care and prevention -

2. GenAl for health data sensemaking: can unearth value from patient-generated &Cg
(health) data (PGHD) to enable timely, context-aware support & decision-making

3. Al capabilities advancing: State-of-the-art models (domain-specific, multimodal, Q 9
edge, open source) show strong medical knowledge + already diverse health apps

4. Critical concerns: Must tackle biases, privacy, accountability, explainability, and
regulatory issues for safe, ethical use

5. Human-Al collaboration is crucial: Effective interaction design (HAI/AIUX) and
perspective on augmenting human capabilities are vital for trust & adoption O @

6. Long-term views & integrated ecosystem needed: Requires long-term vision, C@
robust research methods, interoperability, and bridging the practice gap

AVA

'. ' Digital Health and Prevention
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THANK YOU!
Questions? Comments?
Feedback?

Dr.-Ing. Jan David Smeddinck
@smeddinck.bsky.social

Ludwig Boltzmann Institute for
Digital Health and Prevention
Lindhofstrasse 22

5020 Salzburg, Austria

Tel: +43 (0) 57 255 82701

Email: jan.smeddinck@dhp.lbg.ac.at
Web: https://dhp.lbg.ac.at/
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