Aging and big data: new trends in laboratory medicine
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Today I'll cover:

>Innovation

»Big Data

»Diseases and bioinformatics
»Personalized medicine
»Aging

»Hallmarks of aging

»Geroscience



Innovation in the laboratory
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Mega-Trends in Healthcare: The Future?
Influence on Laboratory Medicine?

Technological advance
Personalised medicine

Innovation and demand
Emerging countries

Aging population
Chronic disease

Rising costs
Inadequate budgets

Medical tourism
Travel abroad for treatment

Evidence based medicine
Clinical practice guidelings

Payers influence decisions
The ‘informed’ patient

Philanthropy Environmental challenges
Developing countries Water, air, food, congestion
Non-MDs providing care Global pandemics
Prevention
Wellness screening

Adapted from Harvard Business Report hitp://hbrorg
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Ageing Medical Rising
Population Advances Workloads

Pressure on healthcare budgets

Improved Workload Shared
Efficiency Management Resources

Impact on staffing levels and skKill mix
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“Big data” is the assessment of massive amounts of information
from multiple electronic sources in unison, by sophisticated
analytic tools to reveal otherwise unrecognized patterns.

We also talk about “big data” in the context of analyzing large, complex data sets
such as those derived from omics experiments.

The important thing to recognize is that many of the same analytical approaches
can be applied to laboratory medicine data regardless of the precise definition
that we choose.
As a result, | think that it’s appropriate to use “big data” to descril
iInformation that we get from our large numbers of patients, samplg
analytes in the clinical laboratory.
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Volume
Size of Data

Velocity
The Speed at which Data
s Generated

Variety
Different type of Data

Veracity

Data Accuracy

Value

Useful Data
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The V’s of big data
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ol
BigData

Validity

Data quality, Governace, Moster Data
Management on Massive

VEUELY
Dynamic, Evolving Behavior
in Data Source

Vocabulary
Data Models, Semantics that
describes data Structure

Vagueness
Confusion over Meaning of BigData
and Tools used
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Big data sources

Legacy Documents
Network & In-Stream Media
Monitoring Technologies
& Cloud
Data Warehouse =
Appliances T -t
Big Data

Activity
Generated Data

. Sources @ Web

Internet of Things

Social Influencers

Databases
Social Network Profiles
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Big data require collection and analysis of data at an unprecedented
scale and represents a paradigm shift in health care, offering :

» the capacity to generate new knowledge more quickly than
traditional scientific approaches;

» unbiased collection and analysis of data; and

» a holistic understanding of biology and pathophysiology.

Big data promises more personalized and precision medicine for
patients with improved accuracy and earlier diagnosis, and therag
tailored to an individual’s uniqgue combination of
environmental risk, and precise disease phenotype.
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A basic framework of personalized medicine.
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Complex Disease Networks

The integration of omics profiles permit accurate modeling of complex diseases and opens
windows of opportunities for innovative clinical applications to subsequently benefit the patient

Alyass et al. BMC
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Bottleneck toward personalized medicine

. Conventional Personalized
The c_o_llectlve challenge_s to make the | et lodinse ( medicing
transition from conventional to personalized ‘ 2 1

medicine include:

Cost effective generation \
of high quality high
throughput data

1) generation of cost-effective high-throughput data; b education and

multidisciplinary teams

i) hybrid education and multidisciplinary teams;

|||) data storage and processing; Global investment Data storage Global investment
in basic research and processing in public health

Iv) data integration and interpretation; and

. .o . Data integration
v) individual and global economic relevance. interpretation

Massive global investment in basic research may
precede global investment in public health for Individual and global
transformative medicine BCONQIIE Rtavan oo

Alyass et al. BMC
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AGING

Aging Is a process that accumulates changes in organisms
over time.

Human aging process involves multidimensional changes
on physical, psychological, cultural and social levels.
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The Concept of Biological versus Chronological Age

Biological age

20 40 60 80
Chronological age (years)

JA Timmons, Trends in Pharmacological Sciences, JaMe
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A Biological Geriatric Assessment (BGA) will enhance the Comprehensive Geriatric Assessment (CGA)

A BGA could isolate individuals at risk of accelerated aging and allow for earlier clinical intervention and reduce functional

Clinical Phenotype

Cognition Functional Status

Social Support&
Mental Status

4 Deregulated Intercellular
Epigenomic Proteasome Nutrient Sensing Communication 29
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Molecular Phenotype
 WB17.00.017

Tuttle, C.S.L., Experimental Gerontology (2017), http://dx.doi.orgr 8
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The hallmarks of aging

Lopez-Otin
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Loss of cellular integrity caused by genomic instability, telomere attrition,
and epigenetic alterations
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Loss of cellular integrity caused by epigenetic alterations
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Loss of protein and organellar turnover
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Metabolic alterations
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Derangement of supracellular functions
Chronic inflammation

Genomic instability
Epigenetic alterations
Loss of proteostasis TNFa blockade
Disabled macroautophagy IFNa blockade

Telomere attrition Inhibition of
prostaglandin E

Dgregulateq production and
nutrient-sensing signaling

Mitochondrial dysfunction Inhibition of NLRP3
Cellular senescence and IL1p
Stem cell exhaustion

Altered cellular
communication

Dysbiosis Anti-inflammatory
Interventions

Lopez-Otin CT 8
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Derangement of supracellular functions
Dysbiosis

MRM\

+ Aging

Microbiota trajectories
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Microbiome alterations in
ageing (and unhealthy

ageing)

Increasing age

Comparative analysis of microbiome profiles

Microbiome changes with respect to

ageing in general

1

Decreased with age

Group 1

* Faecalibacterium

* Roseburia

* Coprococcus

* Eubacterium rectale
* Bifidobacterium

* Prevotella

l

Increased with age

Group 2

* Eggerthella

* Bilophila

* Desulfovibrio
* Fusobacterium
* Anaerotruncus
= Streptococcus
* Escherichia

Healthy ageing

* Longevity

* High physical
activity

* Good diet

* Low cognitive
decline

'
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Unhealthy ageing

* Frailty
* Inflammageing

* Obesity
¢ Low physical

* Cognitive disorders activity

* CVD
* CKD
* MetS

* Medications
* Osteoporosis
¢ |Ll susceptibility

L

Comparative analysis of microbiome profiles

|

Microbiome changes in unhealthy ageing
(compared with healthy ageing)

\

Associated with
healthy ageing

Group 1

v

Associated with
unhealthy ageing

Group 2

* Eggerthella

* B. fragilis

* C. hathewayi

* C. bolteae

* C. clostridioforme

* C. cindens

* Ruminococcus
torques

* R. gnavus

* Coprobacillus

s Streptococcus

« C. difficile

* Bilophila

* Actinomyces

* Desulfovibrio

* Campylobactg

= Atopobiacg

= Veillonel

* Enterog

* Enterg

Nature Reviews, Gastroenterology &
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Physiological, social and disease-related influences on

Social and societal

influences on the

microbiome of

older people

* Human contact

* Extended family

* Visitors

* Aloneness

* Household pets

* Accommodation:
home or
residential care

* Life indoors

the microbiome of older people

Altered nutrient
intake

*“= | Smell and taste
1 Dentition

» * Difficulty
swallowing
[ * Disturbed

peristalsis

«—— Achlorhydria

l Digestive enzymes

1 Mucosal immunity —*

1 Colonic motility

Age-related
disease affecting
the microbiome

* T Infections

« T Antibiotic usage
«T Polypharmacy

*» T Comorbidities

Nature Reviews, Gastroenterology & HE
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Microorganism-host signalling as a contributor to healthy or unhealthy ageing

Healthy ageing

Unhealthy ageing

I Pathobionts
Microbiome
T Protective
= Microbial taxa
metabolites
+ Microbiome—host
signalling
l Inflammation
Flost ‘
Frailty and
- degeneration

Nature Reviews, Gastroenterology & HE
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Integration of hallmarks
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Strata of organismal
organization

Meta-organism

Systemic
circuitries
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Hallmarks of aging

Altered cellular
communication

Deregulated
\ nutrient-sensing

Chronic
inflammation

") Stem cell
@ exhaustion

: %@ Senescence

e

Disabled Mitochondrial
autophagy dysfunction
Telomere w«gt Genomic
attrition ~ instability

Epigenetic , Loss of
alterations i proteostasis

Eroding hallmarks
of health

Spatial
compartmentalization
Integrity of barriers

Containment of
perturbations

Maintenance of
homeostasis

Recycling and turnover
Integration of circuitries
Rhythmic oscillations

Responses to stress
Homeostatic resilience
Hormetic regulation
Repair and regenerati

Lopez-Otin
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Geroscience: life to years not years to life

Compression of morbidity, healthspan and optimal longevity

A, delaying the age of onset of
chronic diseases and disability
(morbidity) longer than any
associated increase in lifespan
results in ‘compression’ of the
overall morbidity incurred in a
lifetime.

B, healthspan is a period of
healthy ageing with a modestly
increasing (‘subclinical’)
chronic disease burden,
followed by a period of age-
related clinical disease. To
achieve  optimal longevity
(living long, but primarily in
wellness) in  the  future,
healthspan must be
significantly extended.

A

morbidity

birth , age u’ ﬁ

“--- increase healthspan ----

.

optimal longevity
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Slowing processes of ageing as a strategy for increasing healthspan

Delaying age-related disorders
as a group may be a more
effective way to increase
healthspan than preventing or
treating individual chronic
diseases. The former would
iInvolve inhibiting the basic

mechanisms of ageing.

Specific disease Specific disease
preventron treatment

Slow
agmg

|

|

ke

oxidative ‘5 u’c mdi;os;hoggrial —_
stress unction ere
attrition W<
inflammation
epigenetic
modifications
5 cellular senescence genomic
b* instability
reduced stress  / -
resistance
:mga:red protein
omeostasis
L* dysregulated

* energy sensing
stem cell exhaustion
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Lifestyle—behavioural strategies that increase function
and potential underlying mechanisms

Regular physical activity, restricted energy intake and healthy diet composition enhance physiological
function and healthspan, promoting optimal longevity. The molecular/biological mechanisms underlying
these benefits may involve inhibiting or reversing several fundamental processes of ageing.
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DR Seals et al, J Physiol 594 J/
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Emerging Technology: The Future (is here)
Aging Technology Innovations

Medical
Devices

External Sensors

Assistive
Technologies

Smart

for Remote Medication
Monitoring Management
Fall Prevention Remote
Lab
Patient/Provider
Caregiver
Communication__.. Robotics
503,
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7
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Take Home Messages
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» Innovation is mandatory in Laboratory Medicine
» Big data are ready to enter in diagnostics

» Sources of big data are gigantic

» New biomarkers and omics are mandatory

» Hallmarks of aging are well defined

» Geroscience Is reaality
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