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Zusammenfassung

Tragbare Technologie, die in einem ein-
zigen durchdachten System energieef-
fiziente Rechnerleistung, das Erfassen
mehrerer Parameter, drahtlose Kommu-
nikation und Energiequellen kombi-
niert, scheint heute eine Revolution des
Gesundheitswesens einzuleiten, da sie
einen allmdhlichen Wandel von behan-
delnder zu priventiver Medizin ermdg-
licht. Sie erscheint in zahlreichen For-
men, die allesamt das Ergebnis des
gewaltigen Fortschritts in der Informa-
tions- und Kommunikationstechnik
sind: intelligente Schnittstellen (Smart-
phonesundintelligente Uhren), Geriite,
die am Handgelenk getragen werden,
intelligente Verbindungen, intelligente
Kleidungsstiicke, Gerdte, die auf der
Haut getragen werden, drahtlose Sen-
sorknoten etc. Doch die intelligente
tragbare Technologie ist auch mit gros-
sen Herausforderungen konfrontiert:
Sie muss Ldsungen fiir die eigentlichen
Probleme der Medizin bieten, fiir Arzte
effizient einsetzbar sein, Datenschutz
und Datensicherheit garantieren und
schliesslichvonden Nutzernim Hinblick

aufdie Verbesserung ihrer Lebensqua-
litdt angenommen werden.

Wiranalysieren die Herausforderungen
und Chancen selbstdndigerintelligenter
Systemtechnologie unterverschiedens-
ten Gesichtspunkten, unteranderem aus
Sichtdes Einzelnen, des Arztes, des Ma-
nagements im Gesundheitswesen und
der Gesellschaft als Ganzes. Wir liefern
grundlegende Uberlegungen zur zukiinf-
tigen Rolle der intelligenten tragbaren
Technologie als Bestandteil des Versor-
gungszyklus undzuden Verdnderungen,
diesieausldsen kann, indem sie die Prd-
ventionvon Stoffwechsel-, altersbeding-
ten und psychischen Krankheiten er-
leichtert. Intelligente Sensorsysteme,
die zahlreiche Parameter quasi fortlau-
fend iiber lange Zeitrdume am Kérper
undinderUmwelt aufzeichnen, kénnen
einzigartige Zusatzinformationen fiir die
Friiherkennung von Krankheiten bieten
und damit Unterstiitzung bei den objek-
tiven Entscheidungen leisten, die fiir
Prdventionsansdtze erforderlich sind.
Sie kénnen auch zur Schaffung einer
neuen Art von komplexen und struktu-
rierten elektronischen Karteien beitra-
gen.Dochvorallemkanntragbare Tech-
nologie ein neues Hilfsmittel fiir Arzte
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und Patienten darstellen, das Feedback
quasi in Echtzeit ermdglicht und somit
unseren Lebensstil in Bezug auf physi-
sche oder geistige Titigkeiten, Erndh-
rung, Trinken und allgemein alle Arten
von gesundheitsrelevanten Gewohnhei-
ten beeinflussen kann.

Zum Schluss besprechen wir gesell-
schaftliche Szenarien, beidenen die Nut-
zung der neuen intelligenten tragbaren
Gerdte als neue Komponente einernach-
haltigeren Strategie in der Gesundheits-
versorgung undim Versicherungswesen
in Erwdgung gezogen wird.

Résumé

La technologie portable, qui associe en
un systéme intelligent unique une infor-
matique économe en énergie, la détec-
tion multi-paramétres, les communica-
tions sans fil et les sources d'énergie
formentactuellement le catalyseurd'un
changement de paradigme dans le sec-
teurde lasanté, en ouvrantlavoie d une
migration de la santé curative vers une
santé basée surlaprévention. Sesincar-
nations multiples dans les plateformes
intelligentes (smartphones et montres),
les dispositifs bracelets, les patchs intel-
ligents, les vétements intelligents, les

nceuds de capteurs sans fil, etc. sont le
fruit des énormes progrés de la techno-
logie en matiére d'information et de com-
munication. Cependant, la technologie
portable intelligente est également
confrontée a de grosses difficultés en
termes de résolution de probléemes
concrets dans le domaine médical, de
service efficace aux médecins, de garan-
tiedurespectdelavie privée et de sécu-
rité des données, et enfin pour se faire
accepterparl'utilisateuren tant qu'outil
d'amélioration de la qualité de vie.

Nous analysons les difficultés et les op-
portunités qui se présentent a la tech-
nologie des systémes autonomes intel-
ligents de différents points de vue, dont
celui de l'individu, du médecin, de la
gestion de la santé et de la société en
général. Nous fournissons une base de
raison nementsurleréle futurde la tech-
nologie mettable intelligente entant que
composante du cycle de soins et des
changements qu'elle peutinduire enren-
forcant les stratégies de prévention en
matiére de maladies métaboliques, lices
al'dge et mentales. Les systemes de dé-
tection multi-paramétres intelligents
enregistrés en quasi permanence et sur
de longues durées sur le corps et sur
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l'environnement peuvent offrirdes infor-
mations complémentaires uniques per-
mettantladétection précoce de maladie
et aident ainsi a prendre les décisions
objectives nécessaires dans les ap-
proches préventives. Ils peuvent égale-
ment contribuer a la création de nou-
veaux types d'enregistrements
électroniques complexes et structurés.
Et surtout, latechnologie portable peut
constituerunnouveloutilpourles méde-
cinsetles patientsenlesaidant a mettre
en ceuvre de feedback en temps réel ca-
pables d'influencernotre style de vie au
plan de l'activité physique ou mentale,
de la nutrition, de ['hydratation et de
tout type d'habitudes liées d la santé en
général.

Enfin, nous débattons de scénarios de
société qui considérent l'intégration de
la nouvelle technologie portable intelli-
gente comme une nouvelle composante
dans le cadre de stratégies de santé et
d'assurance plus durables.

Abstract

Wearable technology, combining in a
single smart system energy efficient
computing, multi-parameter sensing,
wireless communications and energy

sources, appears today as the enabler
ofaparadigmchangeinhealthcare, pro-
viding a migration path from curative to
preventive-based healthcare. Its multi-
ple embodiments in smart hubs (smart
phones and watches), wrist devices,
smart patches, smart garments, epider-
mal electronics, wireless esnor nodes,
etc., are the result of the tremendous
progress of the Information and Com-
munication Technology. However, smart
wearable technology is also facing big
challenges in terms of addressing the
real problems of the medical field, effi-
ciently serving the physicians, offering
privacy and security of data, and, finally
having user’s acceptance for improving
the Quality of Life.

We analyze the challenges and the op-
portunities ofautonomous smart system
technology from many different points
of view, including that of the individual,
the physician, health care management,
and society in general. We provide ara-
tionale forthe future role of smart wear-
able technology as a component of the
carecycleandthe changesitcaninduce
by reinforcing preventive strategies for
metabolic, age-related and mental dis-
eases. Multi-parameter smart sensing
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systems recorded quasi-continuously
over long periods of time on the body
and onthe environment can offer unique
complementary information forthe early
detection of diseases, supporting ob-
jective decisions needed in prevention
approaches. It can also contribute to
creating new type of complexand struc-
tured electronic records. More impor-
tantly, wearable technology can form a
new tool for physicians and patients,
supporting the implementation of re-
al-time feedback loops capable of influ-
encing our life style in terms or physical
and mental activity, nutrition, hydration
and any type of healthy habits, in gen-
eral.

Finally, we discuss societal scenarios
that consider including the new smart
wearable technology as a new compo-
nent of a more sustainable healthcare
and insurance strategies.

Wearable technology as emerging
component of ICT

Information and Communication Tech-
nologies (ICT) are expected to have a
transformational effect on the future
society due to their capability to sup-
porting more personalized and trusted

services, covering daily activities and
services for humanity.

The recent ICT advancements in terms
of portable computing and communica-
tiontechnology togetherwith the co-in-
tegration of computation, sensing and
communication functions in a single
smart system have contributed to the
believe that many services can be taken
out of hospitals and integrated with
more user-friendly and accessible de-
vices. Today mobile smart hubs like
smartphones,tabletsand smartwatches
are offering to people new options of
undergoing parts of their medical data
recording in the privacy of their own
homes. However, these devices are de-
signed to rather act as smart gateways
supporting infotainment purposes and
have still limited sensing capabilities for
true medical applications. Inthe future,
it will be crucial for these smart hub de-
vices to cooperating and being in com-
municationwith othersensing functional
parts capable to accurately monitor our
body and its environment in a trusted
way, allbeing foreseenas parts ofasmart
wearable assistant (forming body area
networks of sensors, BAN), reconfigur-
able according to the needs.
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Therefore, smart wearable personal as-
sistants deployed in trillions, and con-
nected to cloud via the smart hub gate-
way for personalized services, could
havealargersocietalimpactthan mobile
communications and computing today.
Figure 1 depicts the positioning of such
autonomous smart system technology
at the edge of the cloud, as compared
to high performance cloud computing
and the gateways (smart hubs). Auton-
omous smart systems that can specifi-
cally monitor our bodies can be divided
into three categories: (1) non-invasive
devices, (2) minimally invasive devices
and (3) invasive devices. The non-inva-
sive smart systems form the so-called
wearable technology having the capa-
bility of multi-parameter sensing and
recording, wirelessly communicated
to the cloud as parts of the Inter-
net-of-Things (IoT) and autonomously
interacting with the users for very long
periods of time. The wearable technol-
ogy includes wearable sensors, epider-
mal electronics, smart patches, wrist
based devices, smart clothing, etc. to
provide information about individuals’
physical, physiological and social be-
havior in every-day life. More recently,

the concept has been extended to more
complexsmartwearable devices like the
Google glasses that can include ad-
vanced supportfunctionsbasedonlocal
processing ofinformation for healthcare
professionals (such as smartassistance
in surgery). Minimally invasive devices
includeintelligent pills thatcan be swal-
lowed for various monitoring purposes
and/or miniature sensors that can be
injected withaneedlewithalimited use
time. Invasive devices are intended to
be putinplace during surgicalinterven-
tions, such as the positioning of a coro-
nary stent, cardiac surgery, etc.

In many recent technology reviews, the
wearable technology is being cited
among top ten technological advance-
ments in healthcare that have emerged
over the last ten years'. The wearable
medical device market growth rate is of
the order of 16 percent ayear, according
to a Transparency Market Research? re-
port, being today identified with those
wearable medical devices where a few
sensors collect data that is stored
and / orwirelessly communicated. Inthe
context of global health expenditure
reaching 6.8 trillion US$, the wearable
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challenge is to push into healthcare as
means of doing more that monitoring
patient’s activity. But the global expec-
tations are muchhigherforfuture smart
wearable technologyinorderto meeting
longterm demands from healthcare pro-
viders, payers and patients especially
forreducing health expenditure andim-
proving the Quality of Life (QoL).

thttp: //www.beckershospitalreview.com /healthcare-infor-
mation-technology /10-biggest-technological-advance-
ments-for-healthcare-in-the-last-decade.html

2 http: //www.transparencymarketresearch.com /medical-
devices-market-reports-6.html
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Figure 1: Positioning of autonomous smart ~ autonomous smart system are envisioned in
system technology and applications withres-  the medical field and in relation with preven-
pecttocloud computingand gatewaytechno-  tion strategies.

logies. Many of the applications of the future
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Figure 2: Wearable system architecture in-
cluding various components: multi-parame-
ter sensor nodes in smart patch and smart
garments embodiment, wirelessly connected
to a personal hub (here a smart watch). The
role of the smart hubis to locally process part

of the collected information, to communicate
structured data to more complex processing
in the cloud and/or for creating electronic
health record, and, finally, to serve as trus-
ted real-time feedback interface to the user.
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3Shane Walker, Market Trends for Mobile and Wearable Technology —HIS, Beyond Fusion Conference, San Francisco, June

23, 2014.
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Today, the majority of the wearable de-
vices on the market (smart phones and
watches, wristbands, sensors, headsets,
patches, smart clothes, etc —see Figure
3) do not solve major problems of health
but are rather perceived as exotic tech-
nology giftsthatcan serve as smarttrain-
ersbecause oftheir capability of activity
monitoring (and its conversion into cal-
ories). In many cases the user’s expec-
tations are not met and, surprisingly,
their adoption seems limited just to few
months. One reason could be that tech-
nology developers have theirown limited
viewaboutthe expectations ofthe users
on wearable technology capability and,
in the majority of cases, the end users
(health professionals and patients) are
very latelyinvolvedinthe productdesign
and development.

The smartwearable technology of today
can certainly collect, store, process and
transmit huge amounts of physical and
physiological data but there is a lack of
objective evidence that those wearing
them overcome any chronic condition
like diabetes, cardiacdisorders, obesity,
etc. On the other hand, it is true that
many of existing wearables can provide
some alerts and reminders but theirim-

pact remains limited. Moreover, recent
reports show that physicians are reluc-
tant to consider and use huge amounts
of non-structured collected data, as
they cannot be easily used to make a
true clinical difference.

The real challenge for the wearable
technologyisto become ‘smart’enough
in order to constitute a future tool that
physicians can adapt, reconfigure, per-
sonalize and recommend to patients in
order to objectively manage their life-
style and finally prevent the onset of
lifestyle-related diseases and/or to
evaluate the effect of a lifestyle change
and treatment. By their smartness such
new technology is expected to enable
personalized advice and assistance,
concerning health and interaction with
the environment, far beyond what to-
day’s smart phones and smart watches
can offer. Such smartness can be
achieved by non-invasive, multi-param-
eter, quasi-continuous sensing capabil-
ityembeddedinreconfigurable systems
exploiting energy efficient computation
and communication technologies (ena-
bling autonomous operation for weeks
ormonths), all combined with advanced
data analytics. Today, many of the
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needed sensing technologies already
exist or, in some cases, could require
less than five years research and devel-
opmentcycles foralready existing proof-
of-concepts. We do have available dif-
ferentkinds of heterogenousintegration
techniques (3D stacking, dies on flexible
substrates, printing, stenciling, etc) that
canbringtogetheravariety ofindividual
sensors, communications interfaces,
computation and energy blocks.

Lifestyle-related diseases: chal-
lenges for smart wearable technology
to support prevention based
strategies

The past two decades have seen signif-
icant progress in the field of biology,
such as the sequencing of the human
genomeandtheresolution of membrane
proteins at the molecular level. In par-
allel, technicaldevelopmentsin medical
imaging have allowed non-invasive vis-
ualization of the brain and its activity.
These major accomplishments bring us
to the verge of personalized medicine.
However, inspite ofthe large effortsand
progress in research and targeted drug
design, little progress has been made
in improving the treatment of life-
style-related chronic diseases. Or may

be the right way to address these cate-
gories of diseases is not exclusively by
treatment but also by including preven-
tion strategies based on data collected
and processed by smart wearable tech-
nology in the care cycle?

Due to the prevalence of chronic dis-
eases in Europe, and the associated
economicandsocietal burden, itis now
recognized that the prevention of
chronic diseases and closer follow-up
of patients are two key components for
improving the Quality of Life (QoL). The
efficacy of prevention as opposed to
treatment could be reflected by the re-
duction in the number of cases of lung
cancer and heart attacks obtained by
adopting a healthy life style (exercising,
stopping smoking). The importance of
a closer follow-up is shown for chronic
diseases that are already diagnosed,
such as diabetes, where self-manage-
ment is the most efficient way to im-
prove QoL and prevent unnecessary
hospitalization.

Life-style related diseases form real
problems where the emerging smart
wearable technology can make a signif-
icant difference, as a part of the care
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cyclewhere multi-parameter monitoring
for long time and real-time feedback
loops can make a true difference. For
instance, frailty during ageing is a
multi-system functionalimpairment#in-
cluding dysfunctions of pulmonary and
cardiovascular systems, systemic circu-
lation, peripheral circulation, blood,
neuromuscular units, muscle metabo-
lism, cognitive impairments. Under-
standing and monitoring the multi-
ple-phenotypes character of frailty

requires multiple-parameters assess-
ment by non-invasive wearable technol-
ogy (Figure 4). Beyond continuous mon-
itoring of the activity with smart
wearable technology, including inter-
faces with users and local information
processing, one can also generate a set
of feedback actions such as a list of
healthy habits in terms of physical ac-
tivities, mental/social activities, nutri-
tionand hydration. Furtherresearch will
be needed to objectively evaluate the

S
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Figure 4: Depiction of a future Care Cycle in-
cluding the interaction with the low power
Wearable Technology and the three main in-

novation levels: (i) technological, (ii) monito-
ring, assessment and intervention tools, (iii)
feedback channels.

“Karnik, Kavita, and Dawn J. Mazzatti. “Review of Tools and Technologies to Assess Multi-System Functional Impairment

and Frailty.” Clinical Medicine: Geriatrics 3 (2009).
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effect of the proposed feedback on the
patientviathe parameters measured by
the smartwearable systemandto devise
and optimize strategies for prevention.
Therefore, there are many levels of ex-
pectedinnovationsinthefield expected,
including the monitoring, assessment
andinterventiontools andthe feedback
channels used by patients and recom-
mended by the physicians.

Multi-parameter smart wearables for
long term recording applications could
thennaturally support prevention based
strategies creating multi-level benefits
for individuals, physicians and society.
This is not only about the clinical pre-
vention concerning focused behavioral
counseling and testing for early detec-
tion of some conditions by clinicians but
isacommunity level prevention, altering
the lifestyle and reducing the risks for
disease at the population level. Be-
cause, eventually, what physicians
would like to have is a smart tool that
they can use to influence the patient’s
behaviors once they leave the doctor’s
office; thisisonereal problemthatsmart
wearable technology can address. The
benefits could be multiple and at many
levels.

Fromtheindividual’s pointofview—-long
term, non-invasive recordings of physi-
ological and physiopathological condi-
tions complement the symptomdescrip-
tion for the physician, optimizing
evaluation of the database of health
status. Data sets provided by such future
wearable systems will help in reducing
diagnostic time and therapy, which can
be optimized as a function of the per-
sonal recordings and taking advantage
of electronic records forming vast
amounts of data (also called Big Data).
The new wearable technology will pro-
vide early warning signs, and automatic
follow-up, that can help patients feel
more in control of their own health and
able to make informed decisions about
how to improve their QoL.

Fromthe physician’s point ofview—smart
wearable technology is expected to pro-
vide more trusted diagnostics, reduce
the medical errors, through patient re-
cordsandthe monitoring of physiological
conditions, and better information con-
cerningthe treatmentwith follow-up and
improvement of patients’ compliance. In
addition, such systems can provide a di-
rect connection through dedicated net-
works to optimize emergency response.
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From a societal point of view — smart
wearable technology is expected to de-
lay disease onset through better pre-
ventionand self-management of persons
at risk. Consequently, reducing treat-
ment and hospitalisation will minimize
individualand societal health care costs.
There are many specific health condi-
tions with which smart wearable tech-
nology would be particularly suited to
help, but here we go into detail about
onlytwo ofthose, bothwidespread con-
ditions in Europe today: ageing of the
population, and metabolic disorders.

Beyond activity monitoring: smart
wearables for personalized treatment
and prevention of brain and mood
disorders

More sophisticated embodiment of
smart wearable technology will allow
forlong-term, continuous monitoring of
the user’s both physical and mental
states, in an unobtrusive manner.. Fur-
thermore, long-term simultaneous re-
cording of user activity at the neural,
muscular, metabolic, and behavioral
levels will constitute animportant asset
toimprove ourunderstandingofthe day-
to-day interactions between brain and
body. This may openwhole newresearch

avenuesinfields like cognitive sciences,
psychology, psychiatry and neuro-
sciences, which are traditionally con-
fined to studying the brain using simpli-
fied, sometime unrealistic experimental
setups or limited models for complex
simulations, rarely truly calibrated on
experimental data.

Particularly relevant are the potential
implications forthe developmentofnew
forms of personalized treatment and
eventual prevention of brain and mood
disorders. For instance, stroke is the
most prevalent neurological condition
worldwide. Intensive exercise and train-
ing are the basis of the motor rehabili-
tation therapy, butits successis limited
fortwo mainreasons. First, conventional
and modern rehabilitation solutions
have high costand require therapist su-
pervision, restricting theiruse. Second,
there is no principled approach to pro-
mote brain plasticity. The development
of easy-to-use and low-power wearable
sensors, particularly monitoring EEG,
willenableindependentand continuous
use of portable rehabilitation systems
by patients. Also, wearable technology
will record behavioral, contextual and
brain correlates of cortical plasticity, at-
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tention, engagement, and performance
to monitor and tune the rehabilitation
therapy.

Who will pay for it?

It is recognized that US and Europe are
on the edge of a healthcare crisis form
the point of view of long term cost sus-
tainability. In this context, itis clear that
any credible initiatives directly address-
ing this crisisbased onnewtechnologies
are of high interest. Adoption of new
technologies and innovative products
like wearable technology depends on
the way they are monetized. Ifthe wear-
able technology could indeed become
a part of the care cycle and be used as
a prevention tool offering added value
to the society the question is who will
pay for it? As recently pointed out by
Robert Pearles, patients, physicians,
hospitals, insurance companies, each
ofthemthinksthat someoneelse should
pay forany new technology; thisis even
more criticalifthe disruptive technology
could potentially require changes of the
payment model. Critical aspects are re-
lated to the fact that current payment
models dominantly rewardsvolume and
cost of the offered medical services

s http: //www.forbes.com /sites /robertpearl/

(treatments) and a prevention based
system would potentially require a
change of this. The question is also if
the healthcare systemisreadyto quickly
adopt a technology that can lower the
healthcare costsorreduce patientvisits.
Future cost models where “pay-for-ser-
vice” willbereplaced by “pay-for-value”
models and having specific incentives
(rewards reflected in insurance cost re-
duction) offered by insurance companies
to the patients that accept to actively
used prevention technologies and do-
nated their medical data for advance-
ment in the medical research could be
solutionstobe considered. Additionally,
barriers related to the privacy and se-
curity ofthe security ofthe huge amounts
medical generated by wearable technol-
ogy cannotbeneglectedinthe adoption
process. On the other hand, the poten-
tially benefits for the society of smart
wearable are too high as well as the po-
tential positive impact on more sustain-
able healthcare expenditure through
prevention strategies, toallowto neglect
consideringitvery seriously in the com-
ing future. Last but not least, preven-
tion-based strategiesin healthcare sup-
ported by smart wearable technology
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should be notregardedasafullreplace-
ment solution for existing health care
infrastructure and coverage, but, rather,
as a useful emerging complement, as a
way of taking advantage of technology
progressto offeringtoeveryone theright
balance between curative and preven-
tive strategies.
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