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glucose management




SPINDOX

Introduction to the
PRAESIIDIUM project

“Prevention is better than cure”, a ma-
xim that applies to many aspects of life,
especially when facing the probability
of developing a chronic and progressive
disease. When it comes to Type-2 Dia-
betes (T2D) - which affects 540 million
people worldwide (2022) - preventionis
not only essential, but an early diagno-
sis is lifesaving. Worldwide, 541M adults
have Impaired Glucose Tolerance (IGT),
an important risk factor for further dia-
betes development. Along with Impai-
red Fasting Glucose (IFG), these are
intermediate conditions within the “he-
althy-to-T2D transition” and are mani-
festations of the so-called prediabetes.
Unlike overt diabetes, prediabetes is still
an early-stage, intermediate condition
that can be reversed with physical acti-
vity (e.g., @ minimum of 30-54 minutes
at least 2-5 days/week) and a healthy
diet, as strongly recommended by the
World Health Organisation (WHO) and
the International Diabetes Federation
(IDF).

Spindox Labs srl (SPXL, project coordina-
tor) is the research and development center
of Spindox SpA. Its mission is to support the
process of digital transformation of their cu-
stomers, by developing new technology and
providing consultancy in five strategic do-
mains: cloud computing, hybrid and native
mobile applications, artificial intelligence, big
data & analytics and internet of things.

Non-Invasive Risk Prediction Models
for Prediabetes

As prevention is pivotal, non-invasive
prediabetes risk prediction models,
which can be used by healthcare pro-
fessionals or patients themselves, may
offer an interesting alternative to the
typical glucose management practice.
Although some models already exist,
none functionsasaconsensus methodin
diabetology care. The onset of diabetes
involves complex mechanisms acting on
multiple scales, from molecular and tis-
sue levels to organ dysfunction. Chronic
inflammatory biomarkers play a crucial
role in diabetes pathogenesis. Conside-
ring such a multi-level approach is also a
step toward personalized diagnosis of
the disease.

Mathematical Models to Understand
Complex Biological Phenomena

The multi-level complexity of a biological
phenomenon can be modeled through
mathematical formulations, either con-
tinuous (i.e., ordinary or partial differen-
tial equations) or discrete (agent-based
models). These models describe the
functional relationships among entities
and track changes over time and space.
At a molecular level, complex biological
systems can be represented and ma-
thematically analyzed as computable
networks. Based on these assumptions,
a multiscale, hybrid computational mo-
del of the human metabolic and inflam-
matory status was developed by Con-
siglio Nazionale delle Ricerche (CNR)
during the former EU-FP7 project MIS-
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More than 500 million adults
worldwide have Impaired Glucose
Tolerance, which can lead to overt

SION-T2D (MT2D) to
provide an indication of
the risk of T2D. While the
MT2D prototype simula-
tor is already functional,
some fundamental and
computational challenges
still need to be addressed.

wProject: Innovation for
Diabetes Prevention

The PRAESIIDIUM project
(Physics-inffoRmed mA-
chine [Earning-baSed pre-
diction and preventlon of
impaireD fasting glUcose
Management), contex-
tualized within the Horizon
Europe Cluster 1 Health
framework, aims to optimi-
ze some outcomes of the
MT2D project and inte-
grate a new research area
called “physics-informed
machine learning” (PI-ML)
to develop an easy-to-use

and efficient tool for predi-
cting prediabetes risk. The
goal of the PRAESIIDIUM
project is to develop a tool
aimed at providing real-ti-
me prediction of an indi-
vidual's prediabetes risk.
The prediction algorithm
will be based on a “physi-
cs-informed machine le-
arning” approach: a rich
dataset of real-life data,
obtained from existing
and new clinical studies
with continuous data in-
gestion through wearable
sensors, will be combined
with mathematical models
and eXplainable Al (XAl)
techniques to overcome
the limitations of “black-
box” ML approaches while
improving prediction per-
formance and reducing
computational time. The
final algorithm will be im-
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type-2 diabetes if not timely treated.
Prevention now becomes essential. ”

plemented in a web-ba-
sed platform, where me-
dical doctors and patients
can input data from mul-
tiple sources (acquisition
from connected sensors
and manual insertion) and
obtain a real-time analysis
of the risk of developing
prediabetes over time.

Key Objectives of the
PRAESIIDIUM Project

To develop phy-
sics-informed machi-
ne learning for ear-
ly-stage prediction of
prediabetes risk within
a specific timeframe.

To develop and de-
ploy a web and mobile
application for health-
care professionals and
patients: the PI-ML
algorithm will gene-

rate a personalized
real-time risk factor
based on input from
doctors and patients,
predicting a time
window for potential
prediabetes develo-
pment.

To acquire retros-
pective and generate
prospective longi-
tudinal datasets re-
presenting the “heal-
th-to-prediabetes
transition”: two clinical
studies will follow par-
ticipants at risk of pre-
diabetes for four mon-
ths, collecting clinical
and biological data to
train the PI-ML.

To ensure ethical and
regulatory complian-
ce, including GDPR
and the EU Al Act.

+  To propose a roadmap
for certification of Al
medical device, which
is crucial for the future
commercialization of
the solution.

A Multidisciplinary Ap-
proach for Project Suc-
cess

To achieve these goals,

PRAESIIDIUM adopts a
multidisciplinary approa-
ch involving humanities,
medicine, biology, com-
puter technologies, ma-
thematics, and enginee-
ring. The European-based
consortium includes heal-
thcare professionals and
diabetologists (Fondazio-
ne Italiana Fegato Onlus,
University of Latvia, Graz
Medical University), bio-
informatics  researchers
(Consiglio Nazionale del-
le Ricerche), Al/machine
learning experts (Scuola
Universitaria  Professio-
nale della Svizzera Italia-
na-IDSIA, Spindox Labs,
HK3-Lab), data analysts,
wearable sensor develo-
pers (Latvia Institute of
Electronics, Check Health
Sweden), project mana-
gers (Spindox Labs), and
ethics specialists (Scuola
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di Robotica).

Ethical and Regulatory
Challenges in Al for Heal-
thcare

The PRAESIIDIUM project
requires deep insightsinto
medical aspects, ethical
considerations, and te-
chnical aspects of Al-ML
approaches, such as bias
elimination, robustness,
and computer science.
User experience and sa-
fety are also critical, espe-
cially concerning wearable
Sensors.

PRAESIIDIUM X OVER-
DATA

The PRAESIIDIUM

x OVERDATA issue
showcases all the aspects
of the multidisciplinary
nature of the PRAESII-
DIUM project. The reader
will be guided through the



clinical and biological de-
scription of prediabetes
and the challenges faced
by doctors and patien-
ts: prediabetesin factis
often accompanied by
metabolic syndrome,
obesity and liver disea-
ses. When dealing with Al
and e-health technolo-
gies, ethics and regula-
tions are pivotal: here the
novel ethics assessment
adopted by the consor-
tium is presented. Next,
the reader will be guided
through the core of the
physics-informed machi-
ne-learning (PI-ML) with
aspects and challenges
of Al and math models

in determining the risk

of prediabetes. Real-life
datais necessary for trai-
ning and using the mo-
dels: two articles present
novel tools for patient’s

.
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remote monitoring and
data acquisition (e-health
technologies) through
wearable sensors and vo-
cal assistant. In the end,
the reference business
market for e-health tech-
nologies is described.

About the Project

Did you know that the
acronym of the project
title derives from the latin
word “praesidium” which
means “to protect”?

The PRAESIIDIUM project
started in January 2022
and will last 36 months,
considering the project
overall goals, to guaran-
tee the objectives achie-
vement and to manage
the project efficiently and
effectively. The project
work-plan is organized
through 7 work-packa-

ges (WPs), including
project management and
activities for dissemina-
tion, communication and
exploitation of results. At
the present, the projectis
in its final year, where re-
sults are being consolida-
ted, and demonstrations
are being prepared.

About the Consortium

The consortium consi-
sts of 12 members, four
of which are companies,
and the rest are universi-
ties or research institutes.
The members come from
five EU countries and one
Swiss Associated Partner.

Spindox Labs srl (SPXL,
project coordinator) is the
research and develop-
ment center of Spindox
SpA. Mission of Spindox
Spais to support the pro-

S

cess of digital transforma-
tion of their customers,
by developing new te-
chnology and providing
consultancy in five strate-
gic domains: cloud com-
puting, hybrid and native
mobile applications, arti-
ficial intelligence, big data
& analytics and internet
of things. Spindox Labs
collaborates with Italian
and international universi-
ties and research centers
carrying out innovation
projects related to Arti-
ficial Intelligence and Ar-
tificial Vision, Internet of
Things and 3D modelling.

The National Research
Council of Italy (CNR) is
a public organization; its
duty is to carry out, pro-
mote, spread, transfer and
improve research activi-
ties in the main sectors
of knowledge growth and
of its applications for the
scientific, technological,
economic and social de-
velopment of the coun-
try. Two departments are
involved within PRAESI-
IDIUM, both with strong
expertise and research in
diabetes prediction and
prevention:

« The Istitute IAC “M.
Picone” (Istituto per
le Applicazioni del Cal-
colo (www.iac.cnr.it) is
specialized in develo-
ping highly advanced
mathematical, statisti-
cal and computational
methods to solve pro-
blems with strong re-
levance to society and
industry.

« The Institute of
Electronics, Informa-
tion Engineering and
Telecommunications
IEIT (www.ieiit.cnr.
it) performs research
activity in the fields
related to information
technology, systems
engineering, electro-
nics, and biomedical
engineering.

Euronet Consulting EEIG
(Exploitation Manager) is
a pan-European group of
cutting-edge consultancy
companies and a global
network consisting of par-
tners in Official Develop-
ment Assistance (ODA)
countries. The group was
established in 1990 as a
coordination hub for ma-
naging joint operations in
a broad number of the-
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matic sectors. Over time
it evolved to become a
means by which services
of member companies
have been made readily
available to major inter-
national donors, primarily
the Commission of the
European Union.

ALPHA Consultis a Euro-
pean consultancy delive-
ring tailor-made solutions
supported by senior staff
with significant strategic
development, market as-
sessment and business
modelling experience.
Alpha's key competen-
ces lie in: 1) Exploitation:
business plans, impact
assessments, market /
competition assessmen-
ts, go-to-market strategy,
IPR; 2) Communication
& Dissemination: on-site
promotion (events, work-
shops), on-line promotion
(websites, social media);
3) Support to Project
Management: quality as-
surance plans, risk ma-
nagement, ethics. Alpha
Consult plays a pivotal
role in the project, defi-
ning the business plan and
exploitation strategy, dri-
ving the PRAESIIDIUM’s
impact, and ensuring its



innovations transition from research to
market.

SUPSI-IDSIA is a Swiss research insti-
tute - one of the most prominent Eu-
ropean research institutes in Al - with
pioneering expertise in mathematical
modelling and optimization, machine le-
arning, advanced statistics, distributed
systems, control of swarm intelligence
and Bayesian methods. optimization,
and machine learning

The Medical University of Graz (MUG)
is the second largest Medical Universi-
ty of Austria with over 2,500 academic
and general staff members and around
4 500 students. The Division of Endo-
crinology and Diabetology offers ex-
tensive outpatient services and a 21-
bed inpatient ward. Research areas of
the Division are: analysis of real-world
data, assessment of risk prediction to-
ols, biomarker research, design, eva-
luation and use of diabetes technology
incl. software, hypoglycaemic clamp
experiments, new pharmaceutical ap-
proaches for the treatment of diabetes
mellitus.

HKL Lab (HKL) develops research as-
sets for the new season of Al, where
the availability of predictive models is
vital for any organization, from corpo-
rates to public agencies and individuals.
HKL has expertise based on more than
20 years of international research in
machine learning, including highly cited
papers in deep learning, predictive bio-
markers, model distillation, and model

reproducibility. H3K Lab provides solu-
tions & consulting services in machine
learning, data science and their applica-
tions, with a focus on Life Sciences.

The Institute of electronics and com-
puter science (EDI) is a Latvian public
state research institute conducting fun-
damental and applied research in the
broad area of Smart Embedde Coope-
rative Systems. Currently, EDI is the hi-
ghest rated scientific institution in Lat-
via specializing in engineering research.
The key driving force of EDI scientific
activities is its economic and social im-
pact; therefore we apply our expertise in
mobility, industry, health, digital life and
space domains. Meanwhile, we are fo-
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cusing on following research directions:
extremely precise event timing; remote
sensing and space data processing; ro-
botics and machine perception; signal
processing and embedded intelligence;
smart sensors and loT.

CheckHealth (CHK)isaninnovative me-
dtech company developing and marke-
ting solutions to help care organisations
implement customised remote patient
monitoring programmes. CheckHealth
offers LinkWatch, a cloud-based pla-
tform for patient data collection and
self-monitoring, RheumaCloud a servi-
ce for self-management of rheumatic
patients with cardiovascular complica-
tions using our medical device gateway
and federated cloud and VoiveRPM, an
Intelligent Digital Voice Assistant for Re-
mote Patient Monitoring.

ScuoladiRobotica (SDR)is a non-profit

association founded in 2000 by a group
of robotics and human science scholars.
The main objective of Scuola di Robo-
tica is the promotion of culture through
education, training, education and dis-
semination of the arts and sciences in-
volved in the process of development
of robotics and new technologies. Over
the years Scuola di Robotica has beco-
me a national and international referen-
ce point for many research activities and
application of robotics in the most vari-
ed sectors of society such as didactics,
ecology and disabilities.

The Italian Liver Foundation (Fonda-
zione ltalian Fegato (FIF)-ONLUS) is
a no-profit research center in Trieste,
Italy, specialized in translational research
and educational training of researchers
and clinical personnel in liver-related di-
seases. Its additional strength lies in the

13-



vast network of collabora-
tors with research centers,
universities, hospitals (more
than 30) located worldwi-
de (ltaly, US, EU, Indone-
sia, Philippines, Argenting,
Vietnam). The Foundation's
staff ranges from senior
scientists and researchers,
PostDocs and PhD studen-
ts, including the visiting re-
searchers and a significant
number of ungraduated
students performing their

daily research activity. One

research line developed

ten years ago is dedicated

to studying metabolic as-

sociated liver disorders and

chronic liver diseases, and

currently, the team coun-

ts on expertise/skills/tools

and models for the inve-

stigation of the liver disea-

ses. Prof Claudio Tiribelli is

the Scientific Director, FIF

is scientific dissemination

manager.

University of Latvia
(UNIL) is one of the largest
comprehensive and lea-
ding research universities
in the Baltics. University of
Latvia is continuously de-
veloping — expanding hori-
zons of the academic work
and scientific research by
collaborating  internatio-

nally, increasing the number of international study
programmes, strengthening its cooperation with
industrial partners. The laboratory for Personalized
Medicine, Faculty of Medicine has experience in run-
ning national and international scientific projects in
the area of diabetes and endocrinology. In addition,
close collaboration of UNIL with Latvian Genome
database (national biobank) allows for high-quality
sample collection and preservation protocols.

T2 gy
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Prediabetes:
a silent warning

The Medical University of Graz
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Medizinische
Universitat Graz

Imagine going for a routine checkup, fe-
eling perfectly fine, only to be told that
your blood sugar levels are higher than
normal. The doctor calls it pre-diabetes,
a term that sounds harmless, even tem-
porary. After all, it is not diabetes, right?
Many people shrug it off, assuming it is
just @ minor issue. But that assumption
can be dangerous.

Pre-diabetes is more than a warning, it
is a turning point. At this stage, the body
is struggling to regulate blood sugar in
normal levels, and if left unaddressed,
the road ahead leads to type 2 diabetes.
Yet nearly 90% of people with pre-dia-
betes do not even know they have it.
With no symptoms to warn them, mil-
lions remain unaware that their body is
already in distress.

The statistics are alarming: More than 1
in 3 American adults — around 98 million
people — have pre-diabetes. Without in-
tervention, 5-10% will develop diabetes
each year, and within five years, up to
50% may cross that threshold. The good
news? It is not inevitable. In fact, for

The Medical University of Graz (MUG) is the
second largest Medical University of Austria
with over 2,500 academic and general staff
members and around 4,500 students. The
Division of Endocrinology and Diabetology
offers extensive outpatient services and a
21-bed inpatient ward.

many, this moment is an opportunity to
take charge of their lifestyle and prevent
the progression to diabetes altogether.

Why Diagnosis Isn’t Always Strai-
ghtforward

|dentifying pre-diabetes is not as simple
as a single test. Doctors rely on three
primary methods (according the Ameri-
can Diabetes Association):

Fasting Plasma Glucose (FPG): A
reading of 100-125 mg/dL (5.6-6.9
mmol/L) after fasting overnight su-
ggests prediabetes.

Oral Glucose Tolerance Test (OGTT):
If blood sugar spikes between 140-
199 mg/dL (7.8-111 mmol/L) two
hours after drinking a glucose solu-
tion, it indicates prediabetes.

Hemoglobin Alc (HbAIc): This test
averages blood sugar over two to
three months, with prediabetes ran-
ging from 5.7-6.4% (39-46 mmol/
mol).

Here is where it gets tricky: these tests

-17 -



do not always agree. Studies have shown that only 12.6% of adults were diagnosed
with pre-diabetes using HbAlc, while 28.2% tested positive with fasting glucose,
more than twice as many. Even more surprisingly, only 7.7% of people met both
criteria at the same time. This means that some individuals may be told they have
prediabetes using one test, but not another.

Globally, diagnostic thresholds vary. The World Health Organization (WHO) sets a
higher fasting glucose cutoff, 110-125 mg/dl (6.1-6.9 mmol/L) and does not use
HbAIc for diagnosis, citing concerns about accuracy across different populations.
The lack of uniformity adds to the confusion, leaving some at risk without realizing
it.

Prediabetes: How harmful is it?

One of the biggest misconceptions about prediabetes is that complications only
start after full-blown diabetes develop. The truth is damage can begin even in the
prediabetic stage.

Studies have shown that 8% of prediabetic individuals already had signs of diabetic
retinopathy, a condition most commonly associated with advanced diabetes. This
means tiny blood vessels in the eyes were already being affected, despite these
individuals never being diagnosed with diabetes.

The kidneys also show early warning signs. Studies have linked pre-diabetes to hi-
gher rates of microalbuminuria, an early marker of kidney stress. Over time, eleva-
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ted blood sugar places a
burden on the tiny filtering
units in the kidneys, incre-
asing the risk of chronic
kidney disease.

The heart and blood ves-
sels are not spared either.
Prediabetes is often ac-
companied by insulin re-
sistance, which triggers
inflammation and arterial
stiffening. These hidden
changes raise the risk of
heart disease and strokes,
even before diabetes sets
in.

The key takeaway? Pre-
diabetes is not harmless.
It is a slow-moving storm,
and unless addressed ear-
ly, the damage can quietly
build up over time.

Why Does Prediabetes
Happen?

To understand prediabe-
tes, it helps to picture in-
sulin as a key that unlocks
the body'’s cells, allowing
sugar (glucose) to enter
and provide energy. But
in insulin resistance, the
underlying cause of pre-
diabetes, the lock gets
jammed. Cells stop re-
sponding properly to in-
sulin, forcing the pancre-

as to produce more and
more to compensate.

For a while, the pancreas
can keep up. Blood sugar
levels remain in check,
but insulin levels are ab-
normally high. This is the
silent phase of insulin re-
sistance. Eventually, the
pancreas starts to fall
behind, and blood sugar
begins creeping up, first
after meals, then even
during fasting.

At this stage, pre-dia-
betes is diagnosed. If
nothing changes, diabe-
tes develops. The cycle is
driven by multiple factors,
including:

+ Excess body weight
(especially around the
abdomen), which wor-
sens insulin resistance.

Physical inactivity, re-
ducing the body's abi-
lity to use glucose effi-
ciently.

Genetics, as some
people are more pro-
ne to insulin resistance
than others.

The progression is not
inevitable, but it's com-
mon. Without interven-
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tion, many will advance
to diabetes within a few
years. However, there is
hope. Pre-diabetes can
often be reversed.

Turning the Tide: How to
Prevent or Reverse Pre-
diabetes

The most effective way
to combat prediabetes is
through lifestyle changes,
which have been proven
to significantly reduce the
risk of developing dia-
betes. Research shows
that even modest wei-
ght loss can have a pro-
found impact, shedding
just 5-7% of body weight
lowers the risk of diabe-
tes by 58%. The benefits
are even more pronoun-
ced in individuals over
60, who experience a 71%
risk reduction with simi-
lar lifestyle modifications.
Additionally, engaging in
regular physical activi-
ty, such as 150 minutes
of moderate exercise per
week, has been shown to
improve insulin sensitivi-
ty, making it easier for the
body to regulate blood
sugar effectively. The-
se findings highlight that
even small, consistent ef-



forts can reverse prediabetes and prevent it from progressing to diabetes.
What Works Best?

The most effective way to combat prediabetes starts with a smarter diet. Cutting
out sugary drinks and refined carbohydrates helps prevent blood sugar spikes and
reduces insulin resistance. Instead, focusing on fiber-rich foods like vegetables,
whole grains, and legumes can slow sugar absorption, keeping blood glucose levels
stable. A Mediterranean-style diet, rich in healthy fats, lean proteins, and whole fo-
ods, has been particularly successful in improving blood sugar control.

Regular exercise also plays a crucial role. Experts recommend at least 150 minutes
of moderate activity per week, such as brisk walking, cycling, or swimming, to im-
prove insulin sensitivity. Incorporating resistance training helps build muscle, which
enhances the body’s ability to use glucose effectively. Even small lifestyle changes,
such as walking more frequently and sitting less, can make a significant impact.

For individuals at very high risk, doctors may recommend metformin, a medication
that helps regulate blood sugar. However, lifestyle changes remain the most ef-
fective approach and should always be the first line of defense against pre-diabe-

tes and its progression to diabetes.

References

1. About the Prediabetes Risk Test
| Diabetes | CDC [Internet]. [ci-
ted 2025 Mar 2]. Available from:
https://www.cdc.gov/diabetes/
takethetest/about-the-test.html

2.Bansal N. Prediabetes diagnosis
and treatment: A review. World J
Diabetes. 2015 Mar 15;6(2):296-
303.

3. 2. Diagnosis and Classification
of Diabetes: Standards of Care in
Diabetes—2024. Diabetes Care.
2023 Dec ;47 (Suppl 1):520-42.

4. Mann DM, Carson AP, Shimbo
D, Fonseca V, Fox CS, Muntner P.
Impact of A1C Screening Criterion
on the Diagnosis of Pre-Diabe-
tes Among U.S. Adults. Diabetes

Care. 2010 Oct;33(10):2190-5.

5. Bansal N. Prediabetes diagnosis
and treatment: A review. World J
Diabetes. 2015 Mar 15;6(2):296-
303.

6. Magliano DJ, Boyko EJ, Com-
mittee IDA 10th edition scientific.
What is diabetes? In: IDF DIABE-
TES ATLAS [Internet] 10th edition
[Internet]. International Diabe-
tes Federation; 2021 [cited 2025
Mar 2]. Available from: https:/
www.ncbi.nlm.nih.gov/books/
NBK581938/

7. Perreault L. Prediabetes. In:
Feingold KR, Anawalt B, Blackman
MR, Boyce A, Chrousos G, Cor-
pas E, et al., editors. Endotext [In-
ternet]. South Dartmouth (MA):

-20-

MDText.com, Inc.; 2000 [cited
2025 Mar 2]. Available from:
http://www.ncbi.nlm.nih.gov/bo-
oks/NBK538537/

8. Knowler WC, Barrett-Connor
E, Fowler SE, Hamman RF, Lachin
JM, Walker EA, et al. Reduction
in the incidence of type 2 diabe-
tes with lifestyle intervention or
metformin. N Engl J Med. 2002
Feb 7,346(6):393-403.

9. Rhee MK, Herrick K, Ziemer DC,
Vaccarino V, Weintraub WS, Na-
rayan KMV, et al. Many Americans
Have Pre-Diabetes and Should
Be Considered for Metformin
Therapy. Diabetes Care. 2010
Jan;33(1):49-54.



Obesity and me-
tabolic syndrome:
pandemic of the
21st century

University of Latvia
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World Obesity Day - 4th of Mar-
ch — aims to increase awareness
and promote actionable solu-
tions for tackling the global obe-
sity crisis. Obesity has emerged
as one of the most pressing pu-
blic health challenges of the 21st
century, with its prevalence re-
aching pandemic proportions
globally. According to data, the
projected rise in the prevalence
of obesity among adults will in-
crease from 0.81 billion in 2020
to 1.53 billion in 2035, repre-
senting an 88.9% increase. It is
expected that 1in 4 individuals
will be living with obesity by
2035,

According to the Obesity Medi-
cine Association’, obesity is no
longer considered a risk factor
for the development of other
diseases like cardiovascular, but
as a chronic, relapsing, and neu-
robehavioral disease (abnormal
condition or disorder), which is
associated with increased accu-
mulation of dysfunctional and

University of Latvia (UNIL) is one of the largest
comprehensive and leading research universities in
the Baltics. University of Latvia is continuously deve-
loping — expanding horizons of the academic work
and scientific research by collaborating internatio-
nally, increasing the number of international study
programmes, strengthening its cooperation with in-
dustrial partners.
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Obesity is dramatically increa-

sing: by 2035, 1in 4 individuals

will be afflicted.

abnormal fat mass, resul-
ting in metabolic, biome-
chanical, and psychoso-
cial health consequences.
On the other hand, accor-
ding to the World Health
Organization, obesity is
classified using the body
mass index (BMI 25 -29.9
kg/m” overweight, BMI >
30 kg/m?* - obesity), whi-
ch is not very accurate
because it is not account
for muscle mass.

It is important to empha-
size that obesity and me-
tabolic syndrome are dif-
ferent conditions. How do
health professionals dia-
gnose metabolic syndro-

me? At least three of the
following criteria must be

met™:

central or abdomi-
nal obesity (elevated
waist  circumference
>80 cm in female and
=102 cm in male);

+ high triglyceride levels
in blood sample (>1.7
mmol/L or =150mg/
dL);

reduced high-density
lipoprotein (HDL) (1.3
mmol/L or <50 mg/
dL in female and <1.0
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mmol/L or <40 mg/dL
in male);

elevated blood pres-
sure (systolic =130
and/or diastolic =85
mmHg or taking anti-
hypertensive drugs);

elevated fasting glu-
cose levels (glyce-
mia =5.6 mmol/L or =
100 mg/dL or recei-
ving glucose-lowering
treatment).
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Figure 1. Neurobiological mechanisms of the central nervous system.

Orexigenic neuropeptides: NPY/AgRP; anorexigenic neuropeptides: POMC/CART.
Adapted from: Schwartz MW, Woods SC, Porte DJ, Seeley RJ, Baskin DG: Central nervous
system control of food intake. Nature 404.661-671, 2000.

The energy balance is regulated by the neurobiological mechanisms of the central
nervous system (Figure 1). It ensures a continuous balance between nutwrient in-
take on one side of the scale and energy expenditure through physical activity on
the other side. The anabolic pathway includes neurons in the hypothalamic arcuate
nucleus that coexpress neuropeptide Y (NPY) and agouti-related protein (AgRP)
that stimulates food intake and suppresses energy expenditure. Ghrelin also called
“hunger hormone” is secreted from the P/D1 cells in the fundus and upper intestine
that activates NPY/AgRP neurons and stimulates food intake®.




In contrast, a key catabolic pathway consists of specific neurons that produce
a-melanocyte-stimulating hormone, derived from the precursor prepro-opiome-
lanocortin (POMC), which stimulates energy expenditure and suppresses appetite.
POMC neurons also express cocaine-amphetamine-regulated transcript (CART),
which, in collaboration with a-melanocyte-stimulating hormone, reduces food in-
take”.

Leptin is also known as “a satiety hormone”, its overproduction leads to insensiti-
vity of the hypothalamus response to overfeeding and delayed satiety. Leptin and
insulin concentrations in blood reflect body fat levels (higher adipocyte mass will
lead to leptin and insulin resistance) and influence the hypothalamus by promo-
ting the catabolic pathway and suppressing the anabolic pathway* Leptin is not the
exclusive “player” in satiety promotion, other incretins like glucagon-like peptide-1
(GLP-1), gastric inhibitory polypeptide (GIP), oxyntomodulin and peptide YY also
play important roles in food intake regulation.

How do these signaling pathways promote energy balance?? When adiposity signal
levels drop below normal during negative energy balance (promoting weight loss)
anabolic pathway is strongly activated (e.g., increased food intake, reduced energy
expenditure) and catabolic — opposite — suppressed. Since anabolic pathways are
already inhibited by normal adiposity signal levels, further suppression has minimal
impact on the response to increased adiposity signaling. As a result, the respon-
se to positive energy balance (weight gain) is less pronounced, primarily driven by
increased catabolic pathway activity that leads to food intake inhibition and incre-
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ased metabolic rate (POMC/CART
secretion dominates over NPY/AgRP
signalling)®.

But can obese people be metaboli-
cally healthy and what does it mean?
The answer is no. The so-called ‘me-
tabolically healthy obese” individuals
have an increased level of subcuta-
neous white adipose tissue, without
excessive intra-abdominal fat deposi-
ts (in the liver, skeletal muscles, heart,
pancreas), normal levels of systemic
inflammation markers, but increased
levels of leptin, and resistin®. Resistin
is associated with insulin resistance,
which is one of the risk factors for the
development of metabolic syndrome,
prediabetes and diabetes. “Metaboli-
cally healthy” obesity reduces the risk
of developing type 2 diabetes and
CVD in the short term, still having an
increased risk of cardiovascular disease
- 49% increased risk of coronary heart
disease, 7% increased risk of cerebro-
vascular disease, and 96% increased
risk of heart failure, respectively®.

It is impossible to modify genetics,
neurobiological diseases, gender, age,
and height, but still, a large portion of
obesity risk factors can be modified -
diet, physical activity, behavioral and
environmental risk factors, and physi-
cal and mental health. And the sooner
the modifiable risk factors are impro-
ved - the better.

If we discuss how much weight loss is
potentially needed to improve obesi-

ty-related complications then already
1-5% of total body weight can norma-
lize blood pressure and glycemia’. Of
course, a higher reduction is a greater
health improvement - for instance, a
5-10% reduction can reduce adipocyte
accumulation in the liver (improve me-
tabolic dysfunction-associated steato-
tic liver disease)’.
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Exploring Type
2 DiabEteS fl‘om
a Hepatic Angle:
What YOuI-‘iVer

The Italian Liver Foundation
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Fondazione Italiana
Fegato

The Growing Health Crisis

The global rise in obesity is fueling a silent
but serious health crisis: metabolic dysfun-
ction-associated steatotic liver disease
(MASLD)". This condition, which affects
more than 30% of people worldwide, is
expected to surpass 50% by 2040°. Among
individuals with obesity, the numbers are
even more staggering—over 70% are af-
fected, and in cases of severe (morbid)
obesity, it reaches up to 90%".

MASLD doesn't just affect the liver; it also
increases the risk of heart disease, kidney
problems, and even certain cancers. Many

The Italian Liver Foundation (Fondazione
Italian Fegato (FIF)-ONLUS) is a no-profit
research center in Trieste, Italy, specialized in
translational research and educational trai-
ning of researchers and clinical personnel in
liver-related diseases.

people with MASLD also struggle with dia-
betes, high cholesterol, and other metabo-
lic issues®. The disease starts with fat accu-
mulation in the liver (steatosis) and, in some
cases, progresses to a more severe form
called metabolic dysfunction-associated
steatohepatitis (MASH), which can lead to
liver fibrosis, cirrhosis, or even liver cancer’.

The Need for Better Diagnostic Tools

Detecting MASLD early is crucial to preven-
ting these severe complications. Current-
ly, the most accurate way to diagnose it is
through a liver biopsy, which is an invasive
and sometimes painful procedure. Because
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of this, researchers are lo-
oking for non-invasive ways
to detect and track the di-
sease, including blood tests
and imaging techniques
like ultrasound and MRI.
While these methods are
helpful, they are not always
accurate, leading to the se-
arch for better alternatives.

Recent research has focu-
sed on identifying specific
proteins in the blood that
could serve as early warning
signs of MASLD and MASH.
Scientists use advanced
proteomics  techniques—
such as the Olink®® and So-
maScan®’ platforms—to
analyze blood samples for
potential biomarkers. Howe-
ver, these findings have yet
to be widely adopted in cli-
nical practice.

MASLD

(Obese subjects)

. MASH
with and without
type 2 diabetes

Our Study: Identifying Key
Biomarkers for Liver Dise-
ase and Diabetes

Our study examined the
blood of 90 individuals
with severe obesity who
were undergoing bariatric
surgery. We divided them
into two groups: those with
MASH (40 patients) and
those without MASH (50
patients). We analyzed their
blood samples to identify
specific proteins associa-
ted with liver disease and
explored how these proteins
might relate to diabetes as
well.

Key Findings

+  FGF-21: APromising
Biomarker for Liver
Disease

o

NO MASH

with and without
type 2 diabetes

Figure 1 - Summary of the study design and the results
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Plasma
Protein

Profiling

One protein, fibro-
blast growth factor 21
(FGF-21), stood out as
the most significantly
increased in people with
MASH.

This protein plays a
crucial role in regulating
metabolism, reducing
fat buildup®, and impro-
ving insulin sensitivity®.
High levels of FGF-21

in the blood correlated
with liver damage seen
in biopsies, making it a
strong candidate for a
non-invasive diagnostic
tool.

Diabetes and Inflam-
mation Markers

FGF-21 associated with
MASH

IL-18R1 associated with
type 2 diabetes

When we analyzed the
blood samples ba-
sed on the presence
or absence of Type

2 diabetes (T2DM)),
we found that seven
proteins showed signi-
ficant differences.

Interleukin-18 recep-
tor 1(IL-18R1), a pro-
tein linked to inflam-
mation, was strongly
associated with high
blood sugar (glycated
hemoglobin levels), a
key marker of diabetes
progression.

Why These Findings
Matter

Our research aligns with
previous studies highli-
ghting FGF-21as a po-
tential biomarker for
diagnosing and monitoring
MASLD and MASH. In fact,
new drugs that mimic FGF-
21—such as efruxifermin and
pegbelfermin—are being
explored as treatments

for liver disease. Similarly,
IL-18R1 may play a key role
in diabetes management,
particularly in controlling
blood sugar and preventing
complications like kidney

disease.
The Future of Diagnosis and Treatment

Despite advances in research, current diagnostic methods
for liver disease are still not widely used in routine me-
dical practice. Our study highlights the need to integrate
proteomics (blood protein analysis) into clinical settings
to develop more reliable, non-invasive tests. A next step
would be to validate these findings in larger patient groups
and incorporate them into diagnostic models for both MA-
SLD and diabetes.
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Conclusion

Obesity, liver disease, and diabetes are deeply interconnected, and early detection is

critical for preventing severe health complications. Our study shows that FGF-21and IL-

18R1 could serve as valuable biomarkers for these conditions, paving the way for better,

non-invasive diagnostic tools. As research continues, we hope these findings will contri-

bute to more effective screening, earlier treatment, and improved patient outcomes.
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Ethics-by-Design
framework to

support trustwor-
thy Al in predic-
ting prediabetes:

the PRAESIIDIUM

Scuola di Robotica
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The impact of the appli-
cation of Al and Machine
Learning technologies on
health care is so decisive
that there is now no area
of medicine and care de-
livery that has not been
changed by Al technolo-
gies and programs (1, 2).
However, as in any other
technology area, Al and
ML applied to health rai-
se ethical, legal, and social
(ESL)issuesin various do-
mains, from concern for
patients to the problem
of data and Al reliability in
the case of applications
to predictive medicine, to
the relationship between
physicians, clinicians, pa-
tients, and Al. (3)

Ethical issues concern the
application of European
GDPR and of any otherin-

Scuola di Robotica (SDR) is a non-profit association
founded in 2000 by a group of robotics and human
science scholars. The main objective of Scuola di
Robotica is the promotion of culture through edu-
cation, training, education and dissemination of the
arts and sciences involved in the process of deve-
lopment of robotics and new technologies.

ternational regulation pro-
tecting patients’ privacy,
confidentiality and inte-
grity of personal data; the
effectiveness of informed
consent; human wellness
in the use of Al health te-
chnologies and programs,
and the subsequent need
for appropriate education
in the use of technologies
that are often unfamiliar
to people. Al employed
in healthcare must be re-
liable, transparent, tru-
stworthy. The data used
in model building and on
which Al is trained must
be secure and free of bias.
The relationship between
the healthcare professio-
nal, digital technologies,
and Al tools must be care-
fully evaluated so as not to
generate biased hierarchy
models and to maintain
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the health professionals
as the ultimate decision
responsibility (4).

We present here the
methodology  adopted
by the consortium of the
Horizon Europe PRAE-
SIIDIUM project, in which
multi-scale mathematical
models and eXplainable
Al techniques are used to
predict the individual risk
of prediabetes in a perso-
nalised way. Large-scale
real-life data, from retro-
spective and prospective
clinical studies, including
wearable devices, are em-
ployed for training the al-
gorithms. To assess the
ELS isues emerging from
project actions, PRAESI-
IDIUM adopted an Ethics
by Design methodolo-
gy (EbD, 5) applying the



'/
Al systems should support human
agency and human decision-

making, especially when
applied into healthcare
n

procedures recommended by ALTAI,
Assessment List for Trustworthy Artifi-
cial Intelligence, the evaluation proce-
dure recommended by the High-Level
Expert Group on Artificial Intelligence
(AIHLEG) at the request of the Europe-
an Commission (6,7).

ALTAIl is a self-assessment tool on the
reliability of Al systems used in Euro-
pean projects. It is grounded in the pro-
tection of people’s fundamental rights,
according to the EU Treaties, the Char-
ter of Fundamental Rights (the Charter)
and international human rights law. (8,9).

Compared to other Al Trustworthiness
assessment methods such as ISO/IEC

standards, especially ISO/IEC 42001
(10) designed for Al e management sy-
stems; the IEEE methodology presen-
ted in the Ethically Aligned Design: A
Vision for Prioritizing Human Well-being
with Autonomous and Intelligent Sy-
stems (A/IS) created by committees
of The IEEE Global Initiative on Ethics
of Autonomous and Intelligent Systems
(1), and procedures for industry risk as-
sessment such as the Safety of the in-
tended functionality, SOTIF (12), ALTAI
seeks to bring together in a comprehen-
sive self-assessment method the main
ethics issues that may arise from the use
of Aland ML, suitable for healthcare ap-
plications, research and industry.

ALTAI identifies the ethics issues asses-
sing the application of Al with the pro-
tection of humanrights definedinthe EU
Treaties, the Charter of Fundamental Ri-
ghts (the Charter) and international hu-
man rights law (8,9) and suggests an ar-
ticulated procedure of self-assessment,
mitigation measures, and the early-in-
volvement of all consortium partners -
using participatory meetings and sur-
vey techniques to produce a shared
Ethics Self-Assessment for each year
during the projectlifetime - to ensure hu-
man rights in clinical practice, an homo-
genisation of procedures and to avoid
issues that multi-disciplinary projects
may encounter. Through the adoption of
the Assessment List for Trustworthy Al
(ALTAI) for the Ethical Self-Assessment
procedure, Ethics by Design principles
are translated into accessible and dy-
namic checklists to grow them into
practice, ensuring the project benefits

from Al without unnecessary risks. (4,5).
The partner responsible for the Ethi-
cs Self-Assessment (ESA), the Italian
School of Robotics, and the Data Pro-
tection Officer collaborated with the
consortium to produce the prepara-
tory documentation for the ESA in the
various versions corresponding to the
project years, one per year. All partners
collaborated not only on the specific
ethical issues arising from their activities,
as they all contributed to the discussion
even on areas not directly concerned
with their work.

In PRAESIIDIUM, issues related to re-
specting and protecting the privacy
of participants the clinical trials of the
Medical Centers in Latvia and Austria,
were evaluated by the respective Ethics
Committees, so that the selection of vo-
lunteers was free from any bias or stig-
matization of particular social groups,
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respected the gender balance and the
privacy of participants was assured. Si-
milarly, it was ensured that the data re-
presented diverse cultures and diffe-
rent dietary habits and lifestyles. Ethical
issues related to the use of Al models,
model validation, and the relationship
between clinicians and digital and Al to-
ols were also evaluated using the ALTAI
tool.

| 2\ ?

The project is producing datasets obtai-
ned from wearable sensors, retrospecti-
ve and prospective clinical data, and Al
algorithms and mathematical models
are trained on these datasets to define
individualized recommendations for risk
reduction, e.g., through diet or physical
activity. The risk characterization and
reduction algorithm will be implemen-
ted through a web-based platform, into
which both patients and physicians will
be able to input data from a variety of
sources in order to estimate risk in real
time and enable risk reduction through
individualized interventions.

For the analysis of Ethical, Legal, and
Societal Issues, the two fields involved
are clinical medical and Al applied to
health. Because of this, the ethical as-
sessment presents a relative complexi-
ty compared to other health projects
or Al research projects since it involves
two fields that were relatively distant
until some decades ago: ethical issues
in medical research and innovation and
ethical issues in the development and
Al and digital health devices for human
applications. The consortium sought
to minimize differences in approaches
between clinicians and Al experts by
involving the former in model research
and the latter in the complex relation-
ships between clinicians, physicians, and
patients with respect to diagnosis and
treatment and the relationship that he-
alth care professionals have with digital
technology and Al.
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The first step was to establish in Ethics
Board of the project in which all Consor-
tium Partners participated and create an
Ethics Roadmap that identified, based
on the Ethics by Design methodology,
GDPR and European guidelines on the
ethical use of Al, the main issues related
to the use of real, retrospective and pro-
spective data; the guidelines to achieve
a Trustworthy ML Al; the privacy, well-
being and usability issues of wearable
devices and sensors for data collection.

In drafting the Ethics Roadmap, the fol-
lowing requirements outlined in the DoA
of PRAESIIDIUM were considered:

M1) How to ensure reproducibility of
a data-driven prediction system?

M2) How to enhance the interpreta-
bility and trustworthiness of machine
learning (ML) solutions?

M3) How to improve arisk prediction

accuracy while reducing the compu-
tation time?

M4) How to integrate data attribu-
tes, such as completeness, fairness,

quality requirements into a compu-
ter aided diagnosis (CAD)?

M5) How to ensure that the gene-
ral design of the project is compliant
with ethical requirements from the
outset?

M6) How to ensure that clinical inve-
stigations are designed to be com-
pliant with all ethical and societal re-
quirements?

Each of these requirements expresses
different ELS issues that may be expli-
cit or implicit and were derived from
studying the consequences of the an-
swers to these questions. For example,
the type of answer developed by the
Project to the question/requirement,
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only on the surface a te-
chnical issue, “How to
improve a risk prediction
accuracy while reducing
the computation time?”
entails important ethical
effects: a difference in
the parameters of sustai-
nability, well-being, risk
assessment, incidence of
false positives/negatives,
accuracy of predictive
medicine, and complex
physician-patient  rela-
tionships.

In  PRAESIIDIUM's  Ethi-
cs Roadmap, the stated
requirements have been
translated into the ‘ethical
analysis of the seven ma-
cro categories of ALTAI,

which correspond to the
people’s fundamental
Rights to be respected
and protected and the
requirements necessary
to achieve and employ, a
Trustworthy Al.

These categories are:

* human agency and
oversight

« technical robustness
and safety

+ privacy and data go-
vernance

- transparency

+ diversity, non-discri-
mination and fairness

+ environmental and so-
cietal well-being and
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+ accountability.

If we consider the catego-

ries and the requirements
of ALTA with respect to
the ethical requirements
of the project, the que-
stion, for example, “How
to improve a risk predi-
ction accuracy while re-
ducing the computation
time?” corresponds to the
technical robustness and
safety and environmental
and societal well-being
requirements.

The human agency and
oversight category invol-
ves ethical analyses on
several levels, including
the hierarchy of control of

Al by human operators and patients in order to ensure that the human is always
placed in an on-the-loop position; that the ultimate responsibility for the effects
of Alis always attributable to a human; and that the transparency and Xplanability
of Al is ensured in a way that guarantees human agency, i.e., control and ultimate
decision-making over the use of Al systems:

Al systems should support human agency and human decision-making, as pre-
scribed by the principle of respect for human autonomy. This requires that Al sy-
stems should both: act as enablers for a democratic, flourishing and equitable so-
ciety by supporting the user’s agency; and uphold fundamental rights, which should
be underpinned by human oversight. In this section Al systems are assessed in ter-
ms of their respect for human agency and autonomy as well as human oversight.
(ALTAI, cit., p.7,13).

Based on the Ethics Roadmap, a series of questions /Ethics Survey) aimed at eli-
citing both general and specific reflections regarding the ethics requirement infor-
ming all project activities were proposed to the consortium. SdR held remote and
in-person meetings with individual partners to clarify the scope and direction of the
questions and to accurately apply the ALTAI methodology. A very important cate-
gory for the project is Trustworthiness of models and ML with respect to problems
that may arise and that may open ethical questions.

SdR analyzed and collated the partners’ responses to the Survey into a document
expressing the consortium’s Consensus Statement on Ethics.

The project has completed its second year of actions and the process of producing
the second Consensus Statement on Ethics is underway. At the conclusion of the
third year, it will produce a Final Consensus on Ethics suggesting to the Europe-
an Commission, as good practice, the articulated and comprehensive procedure
adopted by PRAESIIDIUM for the evaluation of ethical issues.

-43-



References

1. Alowais, S.A., Alghamdi, S.S,,
Alsuhebany, N. et al. Revolutioni-
zing healthcare: the role of artifi-
cial intelligence in clinical practice.
BMC Med Educ 23, 689 (2023).
https://doi.org/10.1186/s12909-
023-04698-z

2. Bajwa J, Munir U, Nori A, Wil-
liams B. Artificial intelligence in he-
althcare: transforming the practi-
ce of medicine. Future Healthc
J. 2021 Jul;8(2):e188-e194. doi:
10.7861/th}.2021-0095. PMID:
34286183; PMCID: PMC8285156

3. Danton S. Char, Nigam H. Shah,
and David Magnus. 2018. Imple-
menting Machine Learning in
Health Care - Addressing Ethical
Challenges. N. Engl. J. Med. 378,
11 (March 2018), 981-983. https.//
doi.org/10.1056/NEJMp1714229

4. Kelley JM, Kraft-Todd G, Scha-
pira L, Kossowsky J, Riess H. The
influence of the patient-clini-
cian relationship on healthcare
outcomes: asystematic review
and meta-analysis of randomi-
zed controlled trials. PLoS One.
2014,9(4):94207.

5. Ethics By Design and Ethics
of Use Approaches for Artifi-
cial Intelligence, the European
Commission, DG Research & In-

novation RTD.03.001- Resear-
ch Ethics and Integrity Sector,
25/11/2021), https.//ec.europa.
eu/info/funding-tenders/op-
portunities/docs/2021-2027/
horizon/guidance/ethics-by-de-
sign-and-ethics-of-use-appro-
aches-for-artificial-intelligence_
he_en.pdf

6. Charles Radclyffe, Mafalda Ri-
beiro, and Robert H. Wortham.
2023. The assessment list for
trustworthy artificial intelligen-
ce: A review and recommenda-
tions. Front Artif Intell 6, (Mar-
ch 2023), 1020592. https://doi.
org/10.3389/frai.2023.1020592

7. To consult ALTAI: (Assessment
List for Trustworthy Artificial In-
telligence

8. https://ec.europa.eu/info/
aid-development-coopera-
tion-fundamental-rights/your-
rights-eu/eu-charterfundamen-
tal-rights_en

. https://www.un.org/en/
sections/universal-declaration/
foundation-international-hu-
man-rights-law/index.html.

10. ISO/IEC 42001 is an inter-
national standard that specifies
requirements for establishing,

implementing, maintaining, and
continually improving an Artificial

Intelligence Management System
(AIMS) within organizations. It is
designed for entities providing
or utilizing Al-based products or
services, ensuring responsible
development and use of Al sy-
stems. https:/www.iso.org/stan-
dard/81230.html

https://standards.ieee.org/
wp-content/uploads/import/do-
cuments/other/ead_v2.pdf

1. The IEEE Global Initiative on
Ethics of Autonomous and Intel-
ligent Systems, (The IEEE Global
Initiative), Ethically Aligned Desi-
gn: A Vision for Prioritizing Human
Well-being with Autonomous and
Intelligent Systems (A/IS)

12. https./www.iso.org/stan-
dard/70939.html

13. Radclyffe, Ch., Ribeiro, M.,
Wortham, R.H. (2023). The as-
sessment list for trustworthy ar-
tificial intelligence: A review and
recommendations. Front. Artif.
Intell. , 09 March 2023. Sec. Al in
Business.

Volume 6 - 2023 | https:/doi.
org/10.3389/frai.2023.1020592




Al that Understands
the Laws of Nature

SUPSI-IDSIA
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Scuola universitaria professionale
della Svizzera italiana

SUPSI

The Al Problem No One Talks About

Al is transforming fields, from finance to
healthcare, powering everything from
self-driving cars to medical diagnostics.
But there's a problem: Al is hungry for
data and in many critical fields, data isn't
always easy to get. Especially in medici-
ne, patient data is scarce, sensitive, and
often incomplete, making large-scale Al
training difficult. Unlike data-rich fields,
which can collect vast amounts of data,
medical Al is constrained by privacy laws,

SUPSI-IDSIA is a Swiss research institute -
one of the most prominent European resear-
ch institutes in Al - with pioneering expertise
in mathematical modelling and optimization,
machine learning, advanced statistics, distri-
buted systems, control of swarm intelligen-
ce and Bayesian methods. optimization, and
machine learning.

ethical concerns, and the simple reality
that gathering real-world clinical data is
slow and expensive. How can Al make re-
liable predictions when data is limited?

The answer lies in leveraging what we al-
ready know - the laws of nature - to guide
Al learning. Instead of relying purely on
data, Physics-Informed Machine Lear-
ning (PI-ML) embeds fundamental laws
of physics or biology directly into Al mo-
dels. This allows Al to move beyond pat-
tern recognition and make predictions
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that remain meaningful,
even in data-scarce envi-
ronments.

Unlike traditional Al, whi-
ch relies purely on past
examples, PI-ML ensu-
res that predictions follow
biological or physical con-
straints. This allows Al to:

« Work with less data -
since it doesn't need to
“discover” physical laws
from scratch.

«  Make more reliable pre-
dictions, because it is
constrained by funda-
mental principles rather
than just past exam-
ples.

For example, consider blo-
od flow prediction: A tra-
ditional Al model learns
from past cases but might

struggle with a new patient
who has unique vascular
conditions. A PI-ML mo-
del, however, incorporates
principles of fluid dynami-
cs, allowing it to make ac-
curate and physiologically
valid predictions, even in
cases it has never seen be-
fore. Hence, PI-ML is brid-
ging the gap between da-
ta-driven Al and real-world
constraints, making it a
powerful toolin fields whe-
re accuracy is critical and
datais limited.

How PI-ML Embeds
Scientific Knowledge into
Al

Al models are trained by
adjusting their predictions

until they match real-wor-
|d data as closely as pos-
sible. However, traditional
Al only optimizes for ac-
curacy on past examples,
without any understanding
of whether its predictions
make sense in a biological
or medical context. PI-ML
changes this by modifying
the loss function, the ma-
thematical formula that
guides Al training. Instead
of only penalizing incorrect
predictions, PI-ML also in-
corporates constraints ba-
sed on established medical
principles. This means the

Al isn't just learning pat-
terns, it is actively penali-
zed from making implausi-
ble predictions.

For example, a PI-ML mo-
del predicting glucose me-
tabolism is not just trained
on patient data. It is also
constrained by known me-
tabolic processes, ensu-
ring that its outputs fol-
low realistic physiological
trends. Similarly, a model
predicting blood flow is not
only optimized for accu-
racy but also penalized if it
violates fundamental prin-
ciples of fluid dynamics.

This fundamental chan-
ge in the learning process
means that PI-ML does
not rely entirely on large
datasets to make accura-
te predictions. Instead of
needing to see every pos-
sible scenario, these mo-
dels can generalize more
effectively by combining
data with established
scientific knowledge. A
useful analogy is to think of
traditional Al as a student
who memorizes answers to
past exam questions. This
approach works well when
the new questions are si-
milar to those seen before.

However, when faced with
a completely new problem,
this student may struggle.
PI-ML, on the other hand,
is like a student who under-
stands the underlying con-
cepts and can apply them
to unfamiliar situations,
solving problems even
when data is limited.

This approach has impor-
tant consequences. First,
it reduces the dependence
on large amounts of trai-
ning data, making Al more
practical in fields where
collecting new data is co-
stly or difficult. Second, it
improves trust in Al predi-
ctions, since the results are
not only based on patterns
in the data but also con-
strained by fundamental
scientific principles.

How PI-ML is Transfor-
ming Medical Predictions

One key application is me-
tabolic modeling, where
PI-ML enhances predi-
ctions of glucose regula-
tion and insulin response.
Traditional Al models trai-
ned only on patient data
often struggle to gene-
ralize across diverse po-
pulations. By embedding
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established metabolic
principles, PI-ML ensures
that predictions remain
grounded in known phy-
siological mechanisms, im-
proving their reliability for
clinical decision-making.

This approach is central to
the PRAESIIDIUM project,
where PI-ML is used to
better understand and
predict prediabetes pro-
gression. Clinical datasets
on prediabetes are often
small, making it difficult for
standard Al to provide per-
sonalized risk assessmen-
ts. PI-ML addresses this
challenge by combining
patient data with funda-
mental knowledge of me-
tabolic regulation, allowing
for more precise and indi-
vidualized predictions.

By accounting for how
glucose dynamics inte-
ract with insulin resistance
over time, PRAESIIDIUM'’s
models can estimate how
lifestyle changes or me-
dical interventions might
alter disease progression.
This provides clinicians and
patients with actionable in-
sights.



The Future: Smarter Al with Built-in Prior Knowledge

Alis moving beyond pattern recognition toward models that incorporate fundamental
physical or biological prior knowledge. PI-ML represents a shift in machine learning,
allowing Al to make predictions even when data is scarce, expensive, or incomplete.

As research advances, PI-ML is poised to drive breakthroughs in personalized medi-
cine, disease modeling, and predictive healthcare. By integrating biological and phy-
siological principles into Al, future models could improve early diagnosis, optimize
treatment strategies, and support clinical decision-making with greater confidence.
For PRAESIIDIUM, this approach opens the door to more accurate and explainable
models for understanding prediabetes progression, potentially helping to identify ri-
sks before symptoms appear.

The next generation of Al won't just be data-driven, it will be guided by established

knowledge. And in medicine, where trust and accuracy are critical, that distinction will
make all the difference.
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How math models
and explainable Al
help detect diabe-
tes risk early

Consiglio Nazionale delle Ricerche
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How math models and explainable Al
help detect diabetes risk early

Developing prevention strategies to re-
duce the risk of type 2 diabetes is essen-
tial to help prevent the disease in the early
stages. While ‘one size fits all approaches’
may fail in helping patients reach their
prevention targets, individualized recom-
mendations can help support patient
motivation and therefore help implement
lifestyle interventions for diabetes pre-
vention.

To support personalized prevention in pa-
tients at risk of diabetes, math-based and
data-driven approaches can be helpful
to support patient awareness and enga-
gement. For example, these approaches
can be used to monitor the individual risk
in real time, thus helping the patient un-
derstand how the risk decreases when
preventive strategies are implemented
(e.g., changes in diet, physical activity, in-
flammatory status, stress management,
drug prescriptions).

Within the framework of PRAESIIDIUM,

The National Research Council of Italy (CNR)
is @ public organization, its duty is to carry
out, promote, spread, transfer and impro-
ve research activities in the main sectors of
knowledge growth and of its applications for
the scientific, technological, economic and
social development of the country.

the CNR team is working on the develop-
ment of a combination of methods, en-
compassing mathematical and data-dri-
ven models, to lay the groundwork for
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future digital twins. These
will help assess the indivi-
dual risk of developing dia-
betes and identify perso-
nalized countermeasures
to reduce the risk as early
as possible.

Multiscale mathematical
models to simulate the
metabolism of real indivi-
duals

Multiscale  mathematical
modeling is an approach
used to describe complex
systems that operate on
multiple levels or scales—
such as time, space, or or-
ganization. These models
are particularly useful in
fields like biology, physics,
and engineering, where
different processes inte-
ract across vastly different

scales (Cappuccio et al,
2016).

To enhance the under-
standing of metabolic re-
gulation of our body and
its impact on diabetes risk,
multiscale  mathematical
models have been deve-
loped and validated to si-
mulate the whole-body
fuel homeostasis under
various physiological con-
ditions. The MT2D is one
of such models and has
been originally developed
at CNR on the basis of the
immune system simulator
C-ImmSim under the pre-
vious EU FP7 project “Mis-
sion-T2D". It integrates a
glucagon-insulin ~ model
to describe the metabolic
and hormonal responses
to exercise and nutrition,

allowing for a personali-
zed assessment of glucose
regulation and energy ba-
lance, thus providing a ho-
listic view of metabolic and
immune regulation. Such
integrated model takes
into account, and allows to
tailor to individual, the im-
mune system responses
(such as inflammation) and
the metabolism, following
what the experts now call
“meta-flammation”: inde-
ed, both aspects are cri-
tical in the onset and the
progression of diabetes.

More specifically, the
MT2D model builds upon
existing frameworks (Kim
et al.,, 2007) and integra-
tes a dynamic representa-
tion of metabolic activity
throughout the entire body

and, also, multiple tissue
compartments, including
the heart, skeletal mu-
scle, liver, gastrointestinal
tract, adipose tissue, and
brain. By considering fac-
tors such as age, gender,
anthropometric characte-
ristics, and fitness status
of the subject, the model
achieves greater adapta-
bility and user-specific cu-
stomization.

Why a multiscale model
for the human body me-
tabolism?

A deeper understanding
of the effects of physical
exercise in body metabo-
lism and in particular its
influence on the control
of glucose homeostasis is
of primary importance to
manage and delay the on-
set of type 2 diabetes. To
this aim, the MT2D model
describes the metabolic
responses to a session of
physical exercise, achallen-
ging task from the mode-
ling point of view since the
effects vary depending on
its intensity, duration, mo-
dality and on the subjects’
physical  characteristics
(e.g. age, sex, body wei-
ght, fitness status), thus

providing a good level of
personalization  (Palum-
bo et al., 2018). Moreover,
the beneficial effects of
exercise seem to be exer-
ted trough the modulation
of the cytokine Interleu-
kin-6 (IL-6), an immune
controller which triggers a
cascade of inflammatory
cytokines. Leveraging the
model’s immunological
component, IL-6 dynamics
during and after exercise
is incorporated to provide
a comprehensive view of
physical activity's impact
on the subject's metabo-
lic and inflammatory status
(Morettini et al., 2017). All
these features are packed
inside the MT2D model.

Another key advancement
in this approach that will be
fully exploited in the PRA-
ESIIDIUM project is the
inclusion in the model of
two compartments, one
related to food intake, and
another related to the gut
microbiota. Modeling sto-
mach emptying, absorp-
tion of macronutrients du-
ring and after the ingestion
of a mixed meal that inclu-
des proteins, carbohydra-
tes, and fats will enable a
more comprehensive re-
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presentation of real-life
metabolic fluctuations and
lifestyle influences on glu-
cose homeostasis (Palum-
boetal., 2023).

In summary, the MT2D
multiscale computational
model is used in PRAE-
SIIDIUM to design and si-
mulate virtual cohorts of
subjects differing in sex,
age, height, weight, and fit-
ness status, for specialized
in silico challenge studies
aimed at designing exerci-
se and nutrition schemes
to support health. The
hormonal and metabolic
predictions can span over
a large amount of time,
even years, due to a good
numerical stability of the
model. These simulations
show in very fine detail the
trajectories over time of a
large number of biometric,
metabolic, and immunolo-
gical parameters but they
require significant com-
putational resources due
to their complexity. Thus,
once a substantial amount
of synthetic data has been
obtained through this
powerful but complex ap-
proach, it will be leveraged
to develop and fine-tune
physics-informed machine



learning (ML) surrogate
models, which can much
more efficiently approxi-
mate complex metabolic
processes, enabling fa-
ster and more scalable
predictive tools for per-
sonalized healthcare ap-
plications.

Modeling the benefi-
ts of Physical Activity:
how does physical acti-
vity influence diabetes
progression?

Regular physical activi-

ty affects blood sugar

regulation over the long

term. While state-of-

the-art models address

only short-term effects
(such as how a single wor-
kout influences gluco-
se levels), an additional
model developed within
PRAESIIDIUM (De Paola
et al.,, 2023; De Paola et
al., 2024) incorporates the
role of IL-6, a protein re-
leased during exercise, to
address both short- and
long-term outcomes. Su-
stained release of IL-6 due
to regular physical activity
helps protect pancreatic
beta cells, promoting in-
sulin production and re-
ducing inflammation in the

long term, ultimately re-
ducing the risk of develo-
ping diabetes. The model
can predict the benefits of
physical activity of varying
workout intensities and
durations, and it precisely
mimics real-world exercise
recommendations (such as
those from the World Heal-
th Organization) to simula-
ted patient outcomes. The
results confirm that mode-
rate-to-vigorous exercise
significantly delays diabe-
tes progression in indivi-
duals at high risk to diabe-
tes. Moreover, the models
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also predict what happens
when people stop exerci-
sing: while some benefits
persist for a while, discon-
tinuing physical activity
eventually negates its pro-
tective effects in the long
term. This highlights the
importance of maintaining
an active lifestyle rather
than viewing exercise as a
temporary fix. Based on
this mathematical model,
we have developed a con-
trol-theoretical approach
optimizing physical activi-
ty for glucose control (De
Paola et al., 2025). Instead

of generalized recommen-
dations, this model uses
real-time data and predi-
ctive algorithms to sug-
gest personalized exerci-
se regimens based on an
individual's health status.
This framework, known as
model predictive control
(MPC), could be incor-
porated into future digital
health tools, allowing users
to receive real-time fee-
dback on how much and
what type of exercise they
should engage in to ma-
nage their glucose levels
effectively. Future resear-
ch in this area will focus on
refining these models to
make them more perso-
nalized and adaptive, pro-
viding patients with more
precise guidance on their
physical activity needs.

Data-driven  dynamical
models: how do multiple
health factors interact in
diabetes progression?

Within the framework of
PRAESIIDIUM, novel da-
ta-driven dynamical mo-
dels have been developed
to analyze how different
biomarkers interact over
time in individuals with
varying risk for diabetes

(Simeone et al, 2023).
These models adopt a
“multi-input, multi-output”
approach, examining how
various health indicators,
measured in a given indi-
vidual in different medi-
cal encounters, influence
each other and concur to
determine the individual
trajectory in the future.
For example, these models
consider how cholesterol
levels, blood pressure, and
body mass index together
affect glucose metaboli-
sm and therefore diabe-
tes risk. By incorporating
real-world data from pri-
mary care electronic me-
dical records, the models
developed can predict
biomarker trajectories in
time and predict if an in-
dividual is likely to develop
diabetes in the future, up
to 8 years after a medical
encounter. These findings
demonstrate that tracking
multiple biomarkers simul-
taneously can predict the
onset and timing of dia-
betes, which is crucial for
early intervention strate-
gies. Expanding these mo-
dels to include lifestyle and
behavioral data could fur-
ther improve their accu-
racy. Additionally, incorpo-
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rating Al-driven real-time
monitoring could allow for
early warnings and preven-
tive lifestyle adjustments,
reducing the incidence of
prediabetes and diabetes
in the general population.

Explainable Al: How Can
Al Predict Diabetes Risk
More Accurately?

Within PRAESIIDIUM, we
used explainable Al in the
form of “counterfactual
explanations” to genera-
te personalized recom-
mendations for diabetes
prevention. This approach
identifies the smallest pos-
sible changes in biomar-
kers—such as blood sugar,
cholesterol, and blood
pressure—that could signi-
ficantly reduce a patient’s
risk of developing diabe-
tes. By analyzing primary
care electronic medical
records from thousands
of patients, we provide a
more targeted approach
to lifestyle modifications,
offering actionable insi-
ghts for both patients and
healthcare providers. For
example, in a recent study
we found minimum viable
recommendations, e.g. for
fasting blood sugars, wei-



ght loss, or systolic blo-
od pressure, able to shift
high-risk patients into a
lower-risk category, the-
refore enabling diabetes
prevention (Lenatti et al.,
2022). Interestingly, the
approach revealed that
hypertensive patients re-
quired more drastic bio-
marker changes compa-
red to non-hypertensive
individuals to achieve the
same level of risk re-
duction. These findings
emphasize the need for
tailored interventions ra-
ther than one-size-fits-
all recommendations.

Anotherstudy performed
within the framework of
PRAESIIDIUM  focused
on using counterfactual
explanations to esti-
mate personalized re-
commendations able to
prevent the progression
from prediabetes to full-
blown diabetes (Con-
sole et al.,, 2024). Using
data from primary care
electronic medical re-
cords, the Al-based mo-
dels achieved high accu-
racy in forecasting whether
a patient with prediabetes
would develop diabetes.
Importantly, these explai-

nable Al models not only make predictions but also pro-
vide insights into which factors are most influential in le-
ading to these predictions. This approach may support
doctors create personalized prevention plans, potential-
ly reversing prediabetes before it transitions to a lifelong
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diabetes. Future research
could focus on integrating
lifestyle data, such as diet
and activity levels, to refine
the Al-driven predictions.
Developing user-friendly
apps that provide real-ti-
me feedback and health
recommendations based
on Al predictions could
make these tools more ac-
cessible and impactful.
Moreover, integrating
counterfactual explana-
tions into Al-driven cli-
nical decision support
systems could help tai-
lor prevention strategies
more effectively.

What Do These Studies
Mean for Diabetes Pre-
vention?

Together, the mathema-
tical and data-driven mo-
dels developed within the
Project  PRAESIIDIUM
paint a multifaceted pi-
cture of how diabetes
develops and how we can
intervene. These studies
emphasize the impor-
tance of regular physical
activity and healthy diet,
show how Al can enhan-
ce early detection, and
introduce new modeling
approaches to under-

stand disease progression. Future applications of these
models could include digital health tools that track per-
sonal health data, alerting individuals when they are at
risk and suggesting tailored lifestyle interventions. With
continued research, these insights could lead to more
effective strategies for preventing and managing diabe-
tes, ultimately improving millions of lives worldwide.
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CheckHealth (CHK) is an innovative medtech
ot o C h ECk m company developing and marketing solutions
O m 1 n 1 n e n e _— to help care organisations implement customi-
sed remote patient monitoring programmes.
By combining the latest
telephony to co-
chnology and telephony,

Checkhealth has created

a digital health applica-
ect health me-
and intuitive user interfa-
o ce possible: human con-
trlcs versational speech over
the phone. No apps, no
downloads, no language
restrictions and no techni-
cal knowledge is required.
If patients can answer the
phone, they can interact
with the application Voca-
vital.ai - that is perceived
as an friendly Al health as-
sistant.

VocaVital.ai demonstrates
how Al-powered phone
interviews can be used to
support patients and mo-
Check Health Sweden nitor their health in a highly
efficient manner. The Al
health assistant has been
developed for use in a cli-
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nical study on diabetes and
dietary habits as part of the
EU project PRAESIIDIUM.

The Vocavital application
consists of a portal inten-
ded for care teams to use
to design and schedule

B3 VocaVital Portal

2, Browse Patients
¢ Make Test Call
B View Latest Calls
i= Create Interview

‘= Manage Advanced Interviews

+% Manage Patients

patient interviews. No te-
chnical knowledge is nee-
ded. The Al assistant then
conducts regular phone
interviews for each patient
according to the specified
schedule. All Interviews are
automatically transcribed,

analyzed, and insights are
delivered to the care te-
ams.

The technology behind
Vocavital.ai is improving
rapidly. Today we are com-
bining the best compo-

&
| Language* - I
Interview™* -
Patient* -
Name*
Phone Number*

_64-

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

09:00

10:00
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+ Imagine having the resources to call every patient and answer every patient call. The technology
is improving very rapidly. Therefore we believe that the Al Health Assistant will be able to per-
form any phone call a human can, says Mattias Héllstrém, Business Developer at Checkhealth.

«  Moreover the Al Health Assistant will be able to analyse and efficiently extract important health
information from the patient that can be transferred to existing care systems.

nents we can find to balance response time and quality. For instance we are currently
using different suppliers for Speech-to-text (STT) and Text-to-speech (TTS) due to
the fact that telephony in general needs special model training because of the volatili-
ty in audio quality in telephony applications. Moreover, a human conversation requires
fast response times. Therefore we are using one fast LLM for the interaction with the
patient and another a little bit slower but more intelligent, for the analysis of the resul-
ting interview. In the future general multimodal models like OpenAl Realtime may be
able to replace all other components in the technical architecture.

The Al Health Assistant currently supports 11 languages, but the language supportin

the speech-to-text and text-to-speech components used is constantly improving.
An open demo of the Al Health Assistant is available on https://vocavital.ai.
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Try it out!

Do you want to speak with our digital
health assistant?

Select a language and interview type,
enter your name and phone number,
then press Call me!

No personal data is stored, see our
Privacy Policy for more information.

The purpose of the demo is to showca-
se the commercial potential of the te-
chnology developed by CheckHealth
AB. We are currently looking for a par-
tner interested in bringing Al-powered
phone interviews closer to the Europe-
an healthcare market.

£ English
General Condition Interview

Firstname Lastname

+46761234567 Call me!
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Wearable Bioim-
pedance Sensor
for Heart Rate an
Activity Detection

The Institute of electronics and computer science
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ELEKTRONIKAS UN || | = ‘ INSTITUTE OF
DATORZINATNU ELECTRONICS AND
INSTITUTS COMPUTER SCIENCE
Introduction

In recent years, wearable technology has
revolutionized health monitoring, offering
devices that can track vital signs such as
heart rate and physical activity through
non-invasive means. Our team has deve-
loped an innovative wearable bio-impe-
dance sensor designed to complement
these advancements by providing ac-
curate measurements of heart rate and
physical activity levels.

The Institute of electronics and computer
science (EDI) is a Latvian public state rese-
arch institute conducting fundamental and
applied research in the broad area of Smart
Embedded Cooperative Systems.

This sensor represents a step forward in
health monitoring, particularly for indivi-
duals with chronic conditions like diabe-
tes, where tracking heart rate and phy-
sical activity can be crucial even in the
absence of direct glucose readings. For
example, the sensor may aid in perfor-
ming physical activity exercises by moni-
toring the activity intensity and heart rate
that should stay in appropriate zone for
the activity to be efficient and effective.
By providing valuable insights into cardio-
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vascular and physical activity metrics, the
bio-impedance sensor aims to empower
individuals with essential health informa-
tion, fostering better lifestyle choices and
overall well-being.

Sensor Design and Functionality

The developed system includes a we-
arable device with a bio-impedance

sensor MAX30001 and accelerometer
ICM-20948, a smartphone application
for device management, and a backend
solution for data processing on a server.
The wearable, as seen in the figure below,
is worn over the wrist of a person with two
electrodes measuring the tissue resistan-
ce there. The resistance changes with the
flow of the blood and therefore may be
used for determining the heart rate. One
of the challenges is to remove the noi-
se that is added to the signal due to the
movement of the arm, and can be done
partially on the device and during the po-
stprocessing. The device has a processing
and radio module NORAB10600B that is
able to transmit the data over a Bluetooth
channel to a smartphone application, that
in turn forwards the data to the server. All
of the communication is encrypted provi-
ding the security and privacy.

Estimating Heart Rate from Wrist-Me-
asured Bioimpedance

The algorithm processes bioimpedance
signals to estimate heart rate using a we-
arable device worn on the wrist. Bioimpe-
dance involves measuring small changes
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in the body’s electrical
resistance caused by
blood flow during each
heartbeat. The wrist
device uses a bipolar
electrode configuration
- two electrodes placed
close together - to cap-
ture these signals conti-
nuously over a few days,
including during sleep in
some cases. The goal is
to provide a non-inva-
sive way to monitor he-
art rate over extended
periods, which could
be valuable for health
tracking.

The raw bioimpedance
signal is collected at a
sampling rate of 64Hz
and divided into 4-se-
cond segments, each
containing 256 data
points. The 4-second
window is chosen be-
cause it is long enough
to capture several hear-
tbeats but short enough
to track changes in he-
art rate over time. The
algorithm then analyzes
each segment in two
main steps: first, it esti-
mates the heart rate
using cross-correlation,
and second, it refines
this estimate by de-

tecting peaks in the signal that correspond to heartbeats.
Additionally, an accelerometer in the device helps filter out
noisy data caused by movement. The following figure illu-
strates each step of this process.

Activity Recognition

We developed a mobile application enabling seamless
data collection from a wearable device. The application is
designed for Android devices with a minimum SDK level of
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29, ensuring broad com-
patibility with a wide range
of study participants’ de-
vices. It follows Material Ul
design principles to provi-
de a user-friendly interfa-
ce and smooth navigation.

The application operates
in two key stages: the se-
tup stage and the opera-
tional stage. During setup,
users pair their wearable
device and establish a
secure communication
channel with the backend
server, utilizing Bluetooth
connectivity and a one-ti-
me password for authen-
tication. The operational

20 30
Time (s)

stage allows real-time mo-
nitoring of the wearable
device's status, secure
data exchange with the
backend, and continuous
tracking of study-related
metrics.

Built using the Android
Jetpack library  suite,
the app follows the Mo-
del-View-ViewModel
(MVVM) architecture to
ensure efficient data han-
dling and separation of Ul
logic. It integrates com-
ponents such as Hilt for
dependency injection,
Room for local databa-
se storage, and Datasto-
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40 50 60

re for shared preferences.
Secure communication is
enforced through Mutual
Transport Layer Security
(MTLS), guaranteeing en-
crypted data transmission
between the mobile devi-
ce and backend server. A
persistent foreground ser-
vice ensures continuous
data transfer, even when
the app runs in the back-
ground, supporting reliable
and uninterrupted study
operations.

The collected raw data
was processed using acti-
vity detection algorithm
producing a time-series of

activities. An example of
this can be seen in the fol-
lowing figure, where data
from four days has been
processed and categori-
sed in four activity levels:
sedentary, light activity,
moderate-vigorous, and
sleep. The line represents
the raw acceleration data.

Challenges and Future
Directions

There were several chal-
lenges identified during
the tests of the device that
leads to possible future di-
rections for the research
in the area. Perhaps, the
most important challen-
ge is related to the noise

in the data due to move-
ment artifacts. The signal
processing and sensor fu-
sion algorithms should be
improved for better ability
to detect the heart rate
in a noisy signal, or the si-
gnal should be marked as
too noisy for reliable data.
Another challenge is the
battery life. Currently the
wearable can be used for
four days non stop. After
this the battery needs to
be recharged. However,
at the moment the signal
has been measured all the
time, with no duty cycling.
Alternatively, by introdu-
cing duty cycling and com-
bining that with the signal
quality analysis the battery

-73-

life can be improved many-
fold. Another venue for
improvement may be the
selection of alterntive ma-
terials for the skin contacts
that would improve the si-
gnal quality. Ultimately, the
device could be improved
by doing at least some of
the analysis on-board and
providing other medical
insights about the human
body.

Conclusion

The development of the
wearable bio-impedance
sensor represents a signifi-
cant advancement in heal-
th monitoring technology.
This innovative device of-



fers non-invasive methods
for tracking heart rate and
physical activity, comple-
menting existing sensors
that monitor glucose le-
vels. Its dual utility makes
it invaluable for individuals
with  chronic conditions
such as diabetes, providing
essential cardiovascular in-
sights alongside glucose
data.

Beyond medical appli-
cations, the sensor em-
powers dgeneral popula-
tions to maintain optimal
health through consistent
activity monitoring, pro-
moting fitness and life-
style improvements. For

athletes and older adults,
it enhances performance
and physical well-being by
enabling real-time moni-
toring of physical activity
intensity and heart rate zo-
nes.

Technologically, the we-
arable system integrates
bio-impedance  sensors
and accelerometers for
accurate  measuremen-
ts, supported by a smar-
tphone app for user ma-
nagement and a backend
server for secure data pro-
cessing. Addressing chal-
lenges like arm movement
noise and ensuring data
security through encryp-
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tion, this system offers a

comprehensive  solution
for personalized health
monitoring.




ALPHA Consult is a European consultancy delivering
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The project

The PRAESIIDIUM project is
transforming how we appro-
ach prediabetes prevention
and management. Leveraging
advanced artificial intelligence
(Al) and physics-informed ma-
chine learning, the project has
developed an innovative tool
that predicts an individual's
risk of developing prediabetes
while also offering continuo-
us monitoring. The objective
is clear: detect and address
prediabetes early to prevent
the onset of type 2 diabetes
in order to increase overall he-
alth of general population and
improve the quality of life. To
achieve this, several condi-
tions must be fulfilled - along
the research and development
of models and innovative so-
lution, it is also crucial to “get
it out” towards the final users.
This is the goal of the exploita-
tion activities that are funda-
mental to all similar projects.

The Key Exploitable Results

and business modelling experience.

The project’s success depends on defi-
ning key exploitable results (KERs) ear-
ly and developing a tailored exploitation
strategy. These high-TRL outcomes shall
be market-ready after the project ends,
unlike other more scientific results re-
quiring further development. Through
structured assessment, the consortium
identified three key exploitable results:

Sl
?’e 0/
Q <

Cutting-edge prediction PRAESIIDIUM digital Al-based easy-to-use
algorithm platform health assistant

A user-friendly mobile and conducts Al powered
for the assessment of an desktop application that phone interviews to check
individual risk of facilitates monitoring and an patient wellbeing and

prediabetes management for both
healthcare professionals

These innovations stand out in the market
by offering a proactive rather than reacti-
ve approach to diabetes prevention.

The market and competition

The European digital and mHealth mar-
kets present significant opportunities for
PRAESIIDIUM, with the digital health sec-
tor projected to grow from USD 81.86 bil-
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lionin 2024 to USD188.20
billion by 2029, and the
mHealth market from
USD 27.61 billion to USD
85.72 billion in the same
period. Government in-
vestments in digital heal-
thcare and the increasing
use of mobile health apps
drive this growth, making
Europe a promising mar-
ket for PRAESIIDIUM. The
rising adoption of wea-
rable health devices and
Al-driven healthcare solu-
tions further support the
demand for cost-effecti-
ve, accessible preventi-
ve care. With European
healthcare expenditures
expected to grow from
USD 2,750 billion in 2023
to USD 3,900 billion by
2029, there is increasing

pressure to reduce co-
sts as about 80% of he-
althcare spending comes
from public sources. This
will make cost-saving so-
lutions like PRAESIIDIUM,
which emphasize early
detection and manage-
ment of chronic disea-
ses, highly attractive for
integration with primary
healthcare. With approxi-
mately 475,000 general
practitioners and 24,000
hospitals in Europe, the
potential market is sub-
stantial. Strategic partner-
ships with pharmaceutical
companies and medical
sales representatives will
be key to driving adoption
and commercialization,
ensuring the solution ef-
fectively through the hi-
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ghly fragmented market.

The first commercia-
lization phase will fo-
cus on PRAESIIDIUM's
Al-enhanced pla-
tform through a Busi-
ness-to-Business (B2B)
model. The go-to-market
strategy includes a sub-
scription-based SaaS pri-
cing model for healthcare
providers, collaborations
with medical institutions
and digital health com-
panies, and seamless in-
tegration with existing
healthcare platforms.
Market adoption will be
supported by consortium
members leveraging their
expertise, international
presence, and established
connections with user

communities.

PRAESIIDIUM, a unique
solution for prediabetes
prediction

The analysis of competition
highlights PRAESIIDIUM’s
unique approach, integra-
ting Al with multi-scale,
multi-organ modelling for
real-time prediabetes risk
prediction. Unlike compe-
titors that primarily focus
on managing existing dia-
betes, PRAESIIDIUM of-
fers a proactive approach
by identifying individuals
at risk before the onset of
diabetes, facilitating ear-
ly intervention. This moti-
vates to focus on general
practitioners rather than
specialists. PRAESIIDIUM
is an innovative digital he-
alth platform that levera-
ges Al. By integrating a
refined MT2D model with
extensive data, it offers an
advanced prediction algo-
rithm supporting healthca-
re professionals and at-risk
individuals. Available as a
mobile and desktop ap-
plication, it enables conti-
nuous patient monitoring,
providing doctors with da-
ta-driven insights and per-
sonalized health guidance

for users. Using Explainable
Al (XAl), PRAESIIDIUM en-
sures transparency in its
predictions, essential for
user’ trust and regulatory
approval. By providing a
comprehensive  platform
with risk assessment, re-
al-time monitoring of phy-
sical activity and blood
sugar levels, user notifi-
cations, and dietary data
input, PRAESIIDIUM sup-
ports a holistic approach
to health management.
Its early detection capabi-
lities enhance preventive
healthcare, reducing the

burden of type 2 diabetes
on individuals and public
health systems. By facili-
tating timely intervention,
PRAESIIDIUM lowers heal-
thcare costs and improves
quality of life, positioning
itself as a leading solution
in the growing digital heal-
th market.

About Alpha Consult

ALPHA Consult is a Euro-
pean consultancy delive-
ring tailor-made solutions
supported by senior staff
with significant strategic
development, market as-



sessment and business modelling experience. Alpha's key competences lie in: 1)
Exploitation: business plans, impact assessments, market / competition asses-
sments, go-to-market strategy, IPR; 2) Communication & Dissemination: on-site
promotion (events, workshops), on-line promotion (websites, social media); 3)
Support to Project Management: quality assurance plans, risk management, ethics.

Alpha Consult plays a pivotal role in the project, defining the business plan and
exploitation strategy, driving the PRAESIIDIUM's impact, and ensuring its innova-
tions transition from research to market.

For more information on Alpha Consult, please visit https://alphacons.eu/.
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