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6 Postdoctor scientists

9 PhD students

5 Undergraduate students
4 Biomedical engineers

2 Neuropsychologist

1 Biostatistician
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AlzEpi Cohort Observational Library (ACOL)
N=500

Participants HC, SCD, MCI, AD

Biomarkers Imaging (sMRI, resting fMRI, DTI)
Blood
CSF
Neuropsychology
Fine-movement data
Autonomic functions

Neurophysiology (24-hour EEG, PSG)

2014

Inclusion criteria

Jack 2024- NIA-AA, Petersen 2014, Jessen 2020
Exclusion criteria

antipsychotic therapy in last month

extended or non- specific MRl lesions (Laasko)

alcohol- drug dependency

previous CNS infection

known psychiatric disorder

epilepsy >10 years before AD

Promoting open science- Openclinica system!
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Biomarker Abnormality

Prevention strategies
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data-collector-BeeS

1. abra - Webes adminisztracios felile

2. abra - Tabletes adatgydjté

4. 4bra - 3D mozgéselemzd kamerarendszer (helyszin: OMIII Neurokognitiv Kutatékézpont)
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The system provides a convenient way of assessing fine motor movement parameters.
Current task on the figure: TMT-A with visual markers for fine motor data registration.
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AD from NCD: 50-70%

Il . . 6%
Prevalence: 47 million, incidence: 4% R —
46 mllllon ® Dementia with Lewy
Bodies
ut Stroke/Mixed
Dementia

6. mortality cause 55%

w Traumatic Brain Injun

m Other/Fronto-
temporal Dementia

1. morbidity cause

Burden: ~300 billion USD (USA
2022)

Alz and Dement, 2016; World
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Alzheimer disease: amyloid-§

c
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Preclinical AD MCI due | Mild AD Moderate Severe
to AD |dementia AD AD

dementia  dementia
I

AGE 20- 60-65 65+75 75-80
0 0 .0 0 . 0 0
MEMORY ~ SMC Declarative Semantic Procedural
OTHERS  Hyposmia Orientation  Executive functions ~ Apraxia
Sleep disorders PSyChOSIS'
Body weight changes Pneumonia
Late life depression
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1. Treatable diseases that cause dementia can be identified in time.

2. Comorbidities aggravating dementia can be recognized.

3. Pharmaceutical and non-pharmaceutical

treatment can be started in time.
4. The litestyle and care plan tailored to the
patient can be developed in time.

There can be up to 20 years
between these stages

When we want to When we diagnose 3
diagnose AD AD today
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Step 4: Treat

Step 3: Diagnose
Step 2: Assess/Differentiate
Q O
Step 1: Detect <0
@ o |

\J,:j‘\_/ |

)P Access to
biomarkers

Structural
imaging

Patient management

Cognitive and
functional
Blood test, assessments

Patient presentation

- neurologic
Patient and and physical
family history examinations

Specialists (e.g., memory clinics)

Non-specialists (e.g., PCPs)

Step 1: Detect p 2 Step 3: Diagnose Step 4: Treat
 Patient history, * Blood tests * Cognitive: * MRI * Amyloid PET * Symptomatic

including family (full blood ADS8, IQCODE, treatments

history count, TSH, MMSE, MocA,  * FDG-PET 2 cde AB42, p-tau (e.g., Ach inhibitors,
G BG, serum B12, Mini-Cog, and t-tau NMDA receptor

aregivor liver and renal or QRDS o CSF AB42/AB40 antagonist)

perspective function tests) .

Medical and ¢ Functional: e Lifestyle changes
aiviedicasdil * Genotyping A-IADL-Q, FAST, )

disease history or FAQ * Social work support

* Neurologic

* Medication count examinalgtion « Behavioral: * Clinical trial registries
* Lifestyle data « Physical GDS or NPI-Q

(smoking, examination

alcohol, exercise)

Porsteinsson, A.P, Isaacson, R.S., Knox, S. et al. Diagnosis of Early Alzheimer’s Disease:

Clinical Practice in 2021.J Prev Alzheimers Dis 8, 371-386 (2021).
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The lack of
*  broadly applicable,
* sensitive and specific screening methods that are

Prevalent disease

Limited Clinicians  Aging population

Limited

° easy-to-use Time & Resources

v"in clinical settings and i

v in primary care physician practices. invasive tests

s Incomplete o
AD mimics valialion :z'cuetesg
The currently used methods are |
. . Variability in e Challenges

¢ su bjectlve, Presentation HMISEHapHOSas with Screening
 notstandardised, S it

. . e road differentia nefficien
* time-consuming, Comorbidities ™ giagnoses screening
* expensive,

severely limiting the number of patients who get tested for cognitive decline.

Paczynski MM, Day GS. Alzheimer Disease Biomarkers in Clinical Practice: A Blood-

Based Diagnostic Revolution. J Prim Care Community Health. 2022.
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o dorsal stream

¢ feedforward network

» visual pathway

® proprioceptive system

» vestibular system

® nigrostriatal pathway
pulvinar network

Henschke, Pakan. Front Syst Neurosci, 2023; llardi et al. J Integ Neurosci 2022
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Perception - Language comprehension

Perception of the surface properties of linguistic - Language production
input (for instance, speech perception area)

Knowledge and reasoning

I Task demands beyond language
(multiple demand network)

M Pragmatics, social reasoning

Language (theory of mind network)
Language knowledge and processing M Narratives, situation modelling
(language network) (default mode network)

Motor planning

Planning of the motor movements needed to
realize linguistic output (for instance,

Broca's area)

Intended meaning
(multiple brain areas,
including the above)

Fedorenko et al. Nature Rev Neurosci, 2024
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Visuo-motor abilities are already affected N — ; s
at the very early phase of + : 1 e .
neurodegenerative diseases. - 2 -
Visuo-motor tests are g I The Assessment of Visuospatial

* region specific g = sl o bl Ll
 easyto perform i t e

* not lanquage specific

» easily digitalized e

A Groups based on disease duration

«038800000
L R ol .
B
28R B8R_BHO0
v v . Y
“ A o .. y B - 2
-36 24 -12 4 3 16 26 36 46 56 on computer assisted
hand movement analysis:

| 1" a proof-of-concept study
tstatistic: 5.0 -4, 4 35 <30 3 : _ ; ! i, e R R o it S o it it

I

scientific reports

Differentiation of patients
I with mild cognitive impairment
. : z and healthy controls based
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Signature Verification Service

Signature Detection

L

Image Preprocessing

A J

Signature Verification

Matching confidence

Input
.| Image

(i
Detected Reference
signature Image
from input

image

i

Preprocessed Preprocessed
Signature  Reference
image image

{
"Confidence": 0.94

}
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Horvath el al., 2022; Hanczar et al., 2022; Berente el al., 2024- unpublished
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Task

Sensitivity

Specificity

Spiral

52.1% = 27.3%

71.4% * 30.2%

TMT-A

79.5% * 20.4%

61.5% = 17.7%

Benson fig.
copy

88.3% = 12.3%

85.8% = 10.0%

Phone 77.1% = 26.9% 42.4% + 29.7%
number
Sentence 71.0% = 28.2% 51.5% + 30.5%

Table 1: Preliminary cross-validated
classification metrics

for the available data. Given the
small number of target class samples
(N =7), a4-vs-3 splitting scheme was
applied in all possible combinations
of MCIl/Dementia subjects as train and
test subsets, resulting in a total of 35
folds. Control subject data was
randomly assigned to train and test
sets in each fold, following the same
4-to-3 ratio. Feature vectors were
averaged per task for each subject
and the classification models were
assessed for sensitivity and specificity.
Results show promising classification
metrics but also the need of
increasing MCIl/Dementia subject ratio
for building robust models.

108 subjects, 92 control, 8 MCl and 8 dementia
AlzEpi Cohort Observational Library (ACOL database)
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Movement characteristics during handwriting

S

The rate of change of acceleration. It
measures the smoothness of the
handwriting

The force applied by the pen on the tablet
surface

Describes the orientation and movement
dynamics of the pen

Refers to the height of the pen from the
writing surface and may indicate variations
in pen and stroke thickness

Curvature variance Indicate changes in the direction or
curvature of strokes varies along its length
(also contribute indirectly to spatial

characteristics)

Measures the proportion of constant or
unchanged curvature (also contribute
indirectly to spatial characteristics)

motor control issues

difficulties in initiating and controlling
movement

neuromotor dysfunction and reduced
motor control

impaired motor function and
proprioceptive feedback issues

Fine motor control, planning

Spatial awareness and visual-spatial
processing

Motor coordination and cognitive
processing

Motor control, planning and execution

lower, slower

greater, higher variance, more unstable

lowest, however least reliable than
pressure

line segment was longer

higher variance

(Cilia etal., 2022; Garre-Olmo et al., 2017;
Kim et al., 2020; Kobayashi et al., 2022; M.
Kachouri, 2021; Perla Werner, 2006; Qi et
al., 2023)

(Cilia etal., 2022)

(Cilia etal., 2022; Kobayashi et al., 2022; M.
Kachouri, 2021; Qi et al., 2023)

(Cilia etal., 2021; M. Kachouri, 2021)

(Jiali Chai, 2023)

(Jiali Chai, 2023; Qi et al., 2023)
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Spatial parameters l

Length ofpath The total distance covered by the

The dimensions of letters, words,
and overall handwriting

The space between letters and
words

Consistency and accuracy in
maintaining straight lines and
margins

Width or boldness of the lines
produced by the pen during
handwriting. It indicates how
much graphical output is
deposited on the writing surface.

Stroke thickness

Stroke
Height/Width

Stroke height shows the vertical
dimension of a stroke (e.g., how
tall a letter is), while stroke width
refers to the horizontal dimension
(e.g., how wide a stroke is)

Kérosi et al. 2024- unpublished

difficulties in motor planning
and spatial organization

Indicates motor execution and
spatial awareness

difficulties in motor control and
visual-spatial processing

impaired motor coordination
and visual-spatial deficits

Impairments affecting
attention, motor planning, and
spatial awareness can lead to
irregularities in stroke
thickness

Indicates stable motor control

processing and executive
function

smaller, higher
and coordination, visual-spatial variability

Spatial or geometric characteristics, and measure the physical dimensions and arrangement of the handwriting

shorter, smaller
imagine size, larger
ratio

shorter strokes,
smaller drawn/written
images, larger
variance

(Jiali Chai, 2023; Kim et al.,
2020; Yu & Chang, 2019)

(Jiali Chai, 2023; Kim et al.,
2020; M. Kachouri, 2021; Yu &
Chang, 2019)

(Kim et al., 2020; Perla Werner,
2006; Qi etal.,, 2023; Yu &
Chang, 2019)
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Temporal parameters .

Refer to the timing aspects of handwriting, and measure how lonq different pa

Total time taken to complete a Reflects cognitive processing speed and longer, moretime to (Garre-Olmo et al., 2017; Huang et
writing task motor execution need al., 2019; Jiali Chai, 2023; Kim et al.,
2020; Perla Werner, 2006; Qi et al.,
2023)
LR R EHI B Time when the pen is not in Suggest hesitancy or planning difficulties longertimein the air (Cilia etal., 2021; Perla Werner,
air) contact with the tablet 2006; Yu & Chang, 2019)
LR LTOREG E When the writing instrument Variability in it can indicate inconsistent  shortertime, more (Cilia etal., 2021; Perla Wemer,
(on-paper) contacts the surface of the tablet. motor control hesitation in the air ~ 2006; Yu & Chang, 2019)
Transition time Refers to the time taken to move  Longer transition times can indicate longer pause time, (Kim et al., 2020; Kobayashi et al.,
the pen or stylus from one stroke  hesitation, planning difficulties, or more hesitation 2022; Yu & Chang, 2019)
to the nextwithoutthe pen cognitive slowing
touching the writing surface (pen-
up phase)
LI EVEH R EL TS Measures the delay between the  Cognitive slowing or difficulties in task longer (Kim et al., 2020; Yu & Chang,
completion of one stroke and the initiation and can reflect issues with 2019)
initiation of the next stroke motor planning and execution

Consistent transition times across  Indicate stable motor control, execution
different sequences and spatial awareness

Variability Fluctuations or irregularities in Motor coordination or cognitive
transition times processing

Kérosi et al. 2024- unpublished
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I

Reflect the changes and variabilities during handwriting

Stroke number The number of individual strokes

S{CIECTTEN RS Time taken to complete individual
strokes

S IERECTTEL TG The number of strokes per unit time

Fluency The smoothness and flow of writing,
assessed through the consistency of
strokes

Kérosi et al. 2024- unpublished

Increased number can indicate difficulty in increased, higher - making more mistakes, (Jiali Chai, 2023; Kim et al.,
executing smooth, continuous movements 2020; Qi et al., 2023)

Variability in it can reflect difficulties in motor
control and timing

Reduced fluency can be a sign of impaired motor
coordination and cognitive processing speed
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Velocity

Volume

real-world conditions?

+ Terabytes « Batch
: T'm m"’/‘"h * Real/near-time . Validity
. T:.b'l‘es F“c: > Bn Accuracy Fj ! Aredata points in correct
' * Stream How closely does it represent @ A ‘ format, type & within range?

Data quality

characteristics

« Structured

* Unstructured + Statistical Completeness . Y . Consistency

« Multi-factor « Events : ; & Y see ' Are data points similar to related

* Probabilistic + Correlations Does final dataset align with C} ... datasets or previous iterations?
"VDO"\NCO‘ your needs & expectations?

o Timeliness
C Is data still relevant? Does it

reflect current reality?

Trustworthiness
Authenticity
* Origin, Reputation
« Avallability
+ Accountability

Veracity
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