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77 The
Tromse Study

How 1o apply for data scoees

Alus=
The Tromse Study it=
NESSTAR. rosearch database
The Tromse Study was initisted in 1874 in an attempt 10 help combat the high mortality due to cardiovascular
disonses in Norway. This moatly atfoctod men. In the mic-1970s, one in every five Norwegian men died of
myocardial Infarction before the age of 75, while the situation In Northern N Y WS even worse. List o pubicatons

The primary aim of $io Tromso Study was 10 Setorming the reasons 1or the high mortality of cardiovascular Ssease, and
also 0 develop ways of preventing hoart aftacks and strokes. The study was gradually expanded 10 include many other
disestas, SUCH 8 rheumaism, necrological and mental Gseases, SIon Cisaases, SICMAch and Dowel-rolated diseases

LET'S TAKE A
STEP BACK
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Project title

full Flow of Health
Data Between

Patientsr and Health
Care Systems

The primary objective is ...

... fo investigate how to integrate
and utilize data between all three
main actors in health care; the
patients, the primary care and
the secondary care actors.
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EDITORIALS

Digital healthcare: regulating the revolution
We need an agile and future proof framework that everyone can trust

Rishi Duggal medical adviser', Ingrid Brindle patient’, Jessamy Bagenal senior medical editor’

NHS Digtas, London, UK. ‘Warchester, UK. "The Lancet, Landon, UK

The digital healdh revolution has amived. In 2017 the diptal
health industry was alscady word $25a (£19ba; €210)
Pobally, with e potential to cut bealthcare costs by an
otmaed $7ha a yoar | e US alone.” Digital headds, or
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New products come 80 market quickly— 153 000 mobile heakh
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The digital health revolution has arrived. In 2017 the digital
health industry was already worth $25bn (£19bn; €21bn)
globally, with the potential to cut healthcare costs by an
estimated $S7bn a year in the US alone. Digital health, or e-
health, encompasses several distinct technologies including
but not limited to: decisional support systems that use
algorithms derived through mining clinical datasets, such as
the work carried out by Google DeepMind; mobile health
apps, or m-health, which can support and monitor healthy
behaviours; connected biometric sensors, such as continuous
glucose monitoring; consultations via video link

(“telemedicine”); and electronic personal health records.
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The digital health revolution has arrived. In 2017 the digital
health industry was already worth $S25bn (£19bn; €21bn)
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The sudden influx of technology,

I combined with a lack of robust L7 the digital
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Live your
healthiest life

Qur mission
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Beyond that, emerging technologies present
opportunities to elevate healthcare for everyone.
Today we’re studying the use of artificial intelligence

/%4 to assist in diagnosing cancer, predicting patient
| outcomes, preventing blindness, and much more.

We're exploring ways to improve patient care,
including tools that are already being used by
clinicians. And we’re partnering with doctors, nurses,
and other healthcare professionals to help improve
the care patients receive.

Qur mission

20

G -gh’:HEalth Overview  fesearch  Clirscal tooa

Beyond that, emerging technologies present
opportunities to elevate healthcare for everyone.
Today we're studying the use of artificial intelligence

“I believe Google is already a

health company. It's been in the

”

company’s DNA from the start.

David Feinberg
Head of Google Health

Our mission

21
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DeepMind

What if solving one

OrepManst s hewith team joim Geoghs Heas

DeepMind’s
health team joins
Google Health

Over the last three years, DeepMind has Bullt & team to tackle 3ome of hesithcare’s most
complox probloms —developing Al resesrch and mobide tools that aco slready having s
positive impact on patients and cave taama. Today, with our healthcare partners, the
team |y excited to officially join the Google Maaith family, Under the lsedership of Or. Davd
Fainbarg. and alongside other teams at Google. we'll now be able to tap imto global
OPerUse in 0reds e app developmaent. data secwrity, Cloud storege and user design to
il g educts That SUPPOCt Care tenarr bad IMmpruve Patient ouls cones very for all.

1ost useful
that learn

During my e wonong i the UK Natonsd huerth Servics (M45) ee @ surgeon and researcher |

s Brat-Bandd how tectaoiogy coukd hedp, Gr nder, the kmportant work of nurses and

doctons X's remarkable that many fr chncians, avon world's most adhvanced

hospitais. are stil refant on chunk ik y Gelwsrng fast and

500 patiant care chalongirg. Thousandt of poople die I hospitols ovory your from avoldablo

CONOTONS Mo 50080 A cute Lidney miury 6nd we Deleve that Detter 1004 COUAS save Svos

2 tuincheolth + 4+ fitbit

FITBIT JO FO#ES T0
i : DELIVER BETTER
W.as.acqu_lred by == HEALTH BEYOND THE
Fitbit, which \ DOCTOR’S OFFICE.
was acquired by :

Google

Twine Health TWINE ?ﬁmu AND

23
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= MPO :
The Legacy of Apple Health

Does Apple Health present the opportunity to be the company’s greatest Tim COOk hOpeS that «Apple Health represents
contribution to mankind or will it falter due to a lack of direction? the firm's ”greatest contribution to mankind.»
. ) A bold aspiration considering how influential on the world the
company has been already.
(--)
Apple is just one of several tech giants who have entered
the healthcare technology space, leveraging different
capabilities from the traditional medtech firms to enable
prevention, diagnosis, and treatment of a variety of
diseases. Their potential to disrupt the industry has often
been discussed. To some, these organizations represent
serious new competitors to established medtech firms.
Others consider them potential partners who bring a much
ves the segment as having potential to be the firm's needed skill set to those already quite familiar with
» operating in the regulatory environment. Regardless of the
view one has, these enterprises bring specialized
capabilities with them that complement the needs to

< ey erev— RELAXSD CONTENY address the ongoing shift in healthcare (e.g., digital
m Cook hopes that A @ Hodlth represents the . . g e h . .
' etnrerdetanomstaiegets BAS A RSt health, patient-focused solutions, artificial intelligence, big
vauation

5P Moo cons) og how infuertial on works 1

Ul‘('.uf'ca"\ m‘.:‘j.u.:. Then ;u::. * Hand inHund with Quality sod data and analytlcs, etc.).

sgrificant breaktheough in healtncare is Litimasely RegLatory) Cranges

ruch moce benefcial than the (Phone, (Tunes, o the +_Xeeping Tabn on Thsoe Ovygen in

24

The smartwatch saved Toralv

Smartklokken reddet Toralv

Hadt 1l lord ag tadt Toralv Bstvang (67) hardt | badeguivet alene pd Hamar En

knapg fualviime senere fant palitlel ham blodig og bevssties. De hadde L nght to Satu rday'
beskjed ov smartkiokken rindl hindledde hans,

Toralv @stvang (67)
&“ fell hard in the
| bathroom floor alone
at Hamar. About half
an hour later, police
found him bloody and
unconscious. They
had been alarmened
by the smartwatch
around his wrist.

25
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SAR helikopter Sola rykket ut til Kvinesdal
ifm aktivering av SOS/mayday funksjon pa
smart klokke. Falsk alarm denne gang.
Anmoder at personer som besitter personlig
nadsendar setter seq inn | bruken av denne
far & unnga unodvendig bruk av
redningsressurser.

W e A RRPEIED L
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Facebook’s new Preventive Health tool pushes
people to advocate for their health

Now you can check Facebook before your next checkup

Starting today, Facebook
will let users choose to get
personalized reminders
about health care tests
and vaccines. The
company’s new Preventive

Health tool focuses on IR

getting people information . '""'""‘
about cancer screenings, 2 i
heart checkups, and flu 004 Pressuse Test
vaccines — all measures et e X :omenp
that could hopefully help — B
people catch deadly e = 4 9 o ot
conditions long before =i o e
they become lethal. -

Y e ||

30
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. . ) . EU00
i This marks Fa _
e elated tools. lts other effort, promoting local blood
et es 1o drives, launched in the United States in June after
e M eeysepag e debuting in India in 2017. Overall, both of these
el ERAERIENRT tools mark a far more simple entry into the health
aLERCEBIRERIES shace than other tech giants have made. Amazon
LRSI has been getting into online pharmacies and

about cancer scre I i health P e
heart checkups, ¢ electronic health records, Apple is monitoring your

cebook’s second venture into health-

VR RaasTES heartbeat, and Google might be trying to buy Fitbit.

that could hopefully help T
people catch deadly sa9 e PN
conditions long before =
they become lethal. " 5;.;’.~:_17,

hes

31

builtin YECH JOBS TECH TOPICS YECH HUBS FOR EMPLOYERS

HOW AMAZON'’S 'HAVEN’
VENTURE COULD IMPACT ALL
ASPECTS OF THE HEALTHCARE
INDUSTRY

The healthcare industry has never experienced anything like
Amazon's combination of powerhouse logistics, voice Al expertise
and robust data analytics. And the impact could be huge.

September 34, 300  Updsted Septenter 25 20W Wetten by Vephen Cessett

infv@

32
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EVERYBODY
WANTS THEIR
SI"I'AIIE OF THE

33

IBM Q R =

DM Watson Mealth  Government  Provider  Lfe Sclences Comsulting

Strategic transformation. Make
your data make the difference

IBM Watson Health applies data-driven analytics, advisory services

and advanced technologies such as Al, to deliver actionable

insights that can help you free up time to care, identify efficiencies,

and improve population health, -

Contact o

w 20 cross barmers Detween health and Care systems, 10 provide act:onable

Helping you extract B i ot cadk
value from your data rowing cots, 80d unearth the right IMeligence 10 el you imgeove the Meelth of pecple

and populatiomn

ree Up more time 1o care, 1o ide

800 3.600 15.000

Supporting over 800 customar 3,600 of 18M's global patents are Helpng 10 crexte meaningtul ¢4

Lot’s talk

34
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" B e r7 = ors wase yors rol
BE Microsoft |  Industry suwmotve foegy  Franceisenices ~  Govemenent «  More « | Calfsales 1-800-426.9400 | Al Mcroson »

Better experiel
Better insights.

care.

W 210s 0% for healthicare provides moovathe soRNons Th
empawer Granizatons to achieve Mmoee, e

ey

Deliver better care more securely

Provide the right information at the right time for patients and staf, by putting people at the center and helping ensure the compliance, corfidentiality, integrity, and
accessibiity of your data,

-.- ﬁ .8

35

ATTENTION AND

PUBLICATIONS

36
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COMMUNICATIONS

|

Merrs | Magusion Archive | Segtomtrer JE14 (VL 57, M 9) / Tha Sow Digilal Madicns | Abstroct

The New Digital Medicine

By Gengory Mone
of the ACM, 2004, Yol 57 No, 9, Pages 1529

N7
Comments

vewas: O 0 @@ s @ 9 O 8 ®# D D

The average person sees his or her physician for aboet an hour
each year. At our annual checkups, doctors and nurses check car
Blood pressure, heart rate, and other vital sigms, wod from those
Betef snapabots they attemga 10 determine our overall bealth.
Until recently, monitoring these metrics outside the office, snd
over loag stretches of time, would have been acither affordable
o efficiont, Today, Bowever, the average persos carrios a
venatile medical gadgot on thens a1 all times,

"A smartphone has bocome a medical device of the highest
potential,” says Sreeram Ramakrishoan, manager of lnsights-
driven Wellness Services with IBM's Health Informatics grosp.
“The type of sensors that have already evolved are diearly

blishing that there’s no technological mit. You could capture
almost soything yos want.”

37

DIGITAL
ACMEEZ L IBRARY p——

Sew chvo: Dyited Librory Name AN ADM Joarnaks

ACM Transactions on

Computing for Healthcare (HEALTH)

Advanced ek

4 multidisoplinary journal for high-quality original work on how computing is knproving healthcare

ACM Tronsoctions on Computing for Healthcore (HEALTH) is a multi-disciplinary journal for the
publication of high-quality original research papers, survey papers, and challenge papers that have
scientific and technological results pertaining to how computing Is improving healthcare. This journal
Is multidisciplinary, intersecting CS, ECE, mechanical engineering, blo-medical engineering, behavioral
and sodal science, psychology, and the health field, in general, All submissions must show evidence
of their contributions to the computing field as informed by healthcare. We do not publish papers on
large piiot studies, diseases, or other medical assessments/results that do not have novel computing
research results. Datasers and other artifacts needed 10 support reproducibility of results are highly
encouraged, Proposals for special issues are encouraged,

SOCIAL MEDIA

in| ¢ [W]=
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HealthAto 2 Medicines Ato 2

41

The Topol IRReview
Preparing the healthcare workforce

«Genomics, digital medicine and Al to deliver the digital future
will have a major impact on patient kn Indopamiiat part an ke o/ 04
care in the future. A number of oy,
emerging technologies, including
low-cost sequencing technology,
telemedicine, smartphone apps,
biosensors for remote diagnosis
and monitoring, speech recognition
and automated image interpretation,
will be particularly important for the

healthcare workforce.» e

THE NHS

43
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The Top

«Genomics, digite
will have a major
care in the future.
emerging technolq
low-cost sequenc
telemedicine, smé
biosensors for rer
monitoring, speec
automated image
be particularly imf
healthcare workfol

5.0 Digital medicine

o 'e workforce
New digital technologies have the potential ure

to transform how the NHS delivers care in

the decades to come, for example, through
faster and more reliable diagnosis of infectious
diseases, empowerment of patients to monitor
and manage their long-term conditions,
promotion of health and wellbeing through
personalised apps, and the delivery of care
outside of traditional healthcare settings
through remote monitoring.

i

THE NS

44

45

Technological advances impacting healthcare and the magnitude of disruption.

Tl y (1 igpe af Bima

Tele rrnciirine

Smartphone app

ors ar wearablec Tor

diagriaitics and rermcts moniionn

&

I1|I|||||

Reading the genome

Speech recegnitron and natwral
5 language processing {NLP)

Wirttial and nusgraented moality
B,

Automated image
7 inerpretaton wsing Al

o Into renn Blonal and
B rehabllitative rabathes
wr

EI Predictive analytics using Al
X

|

i
u Writing the genoms

Figure 1 Top 10 digital headthzare technalogies and thelr projecied impact on the KHE

Genomi, 41 & foboted]  Progortion of work foroe al{ecied
il

INHS

Preparing the healthcare workforce

iy i a3 r the digital future

i

W %
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(3.1) Top technology descriptions

Smartphone apps

The app allows patients to:

» check their symptoms using NHS 111 online and/or the
symptom checker on the NHS website;

* book and manage their appointments at their GP practice;
« order repeat prescriptions

* securely view their GP medical record;

* register as an organ donor; and

* choose whether the NHS uses their data for research and
planning

47

(3.1) Top technology descriptions

Sensors and wearables for diagnostics and remote
monitoring

Today an estimated 70-80% of all clinical decisions rely on the
result of a test, typically performed in a centralised NHS
pathology lab.

Advances in sensors and wearables are already beginning to
bring diagnostics and monitoring ever closer to the patient,
including on hospital wards, out-patient clinics, A&E, GP
surgeries, pharmacies and in the home.

48
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(3.1) Top technology descriptions

Point-of-care and self-tests

Advances in sensors harnessing ultra-sensitive bionano-
technologies will transform the rapid diagnosis of disease at
the point-of care, and could result in earlier diagnosis, faster
access to treatment, improved antimicrobial stewardship, better
health outcomes and disease prevention.

49

(3.1) Top technology descriptions

Sensors for self-monitoring

Self-monitoring and self-management have been the cornerstone
of Type 1 diabetes management for three decades, since the first
finger-prick blood glucose meters became widely available in the
1980s.

The advent of Bluetooth-enabled glucometers linked to
smartphones has made self-management easier to integrate
into the activities of daily life.

50
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(3.1) Top technology descriptions

Wearables for remote vital-sign monitoring

There is an increasing acceptance of the use of wearable
sensors (including the in-built cameras and accelerometers of
smartphones) to track vital signs, such as heart rate and
abnormal rhythms, respiratory rate, blood oxygen saturation and
blood pressure.

51

(3.1) Top technology descriptions

Video cameras for patient monitoring

Hospitals and care homes in which frail and elderly patients with
cognitive impairment are being cared for usually have video
cameras installed in patients’ rooms.

Computer vision and machine learning algorithms to analyse
video data streams can transform the care of these patients,
both through early detection of adverse events such as falls and
through presenting objective reports of activity and health data to
help healthcare professionals proactively plan care.

52
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(3.1) Top technology descriptions

Remote monitoring

The sharing of patient-generated data with the healthcare
workforce enables remote monitoring, but this needs to be
integrated within clinical pathways.

As digital technologies become more prevalent, there is a risk
that a deluge of automatically transmitted data will
overwhelm healthcare professionals.

The application of Al to generate patient summaries may provide
a clinically useful solution to this problem.

53

Digital technologies have transformed most sectors which
affect our daily lives, from communications to transport,

banking and entertainment, but not yet healthcare. This is now
changing as electronic patient records and online services, as
well as wearables, smartphones and apps, are beginning to have
a positive impact on the NHS and its workforce.”

Professor Lionel Tarassenko

54
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5.2 Healthcare professionals

Almost all areas of the workforce over the next 20 years will
be affected by the adoption of digital technologies within
the NHS and will need to be trained accordingly. At the
heart of digital transformation is the opportunity to improve
3131180 the quality and efficiency of interactions between patients,
affect ou healthcare professionals and the healthcare system.

To achieve this ambition requires substantial investment in the training of healthcare
bankjng M professionals, as well as the creation of new roles in data science, data security,

. ethics, human factors and implementation science. Investment in current staff should
Changlng enable them to develop specialist digital skills, including the commissioning of digital
well as Wi technologies through continuous professional development (CPD), sabbaticals and
2 secondments (DM3).
a posmve LI PaCl ULL LHIE INTIO iU 1S WULKIOILCE,

Professor Lionel Tarassenko

55

The convergence and complementarity of the three major
The next 20 years technologies — genomics, sensors and Al — will enable the

development of virtual medical coaches

Meodication, slcohol, drugs
Labs, plasma DNA, ANA
Family history
Communication. speech
Cognition, state of mind
Al medical history
World's medical erature,
continualy updated

Virtual health guidance

Figure 2: The virtual medical coach model with multi-modal data inputs and algorithms to provide
individualised guidance.'

60
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Making I_TWork:
The Wachter Report Harnessng the Power f Healt

Improve Care in England

“To those who wonder whether
the NHS can afford an ambitious
effort to digitise in today’s
environment of austerity and a
myriad of ongoing challenges,
we believe the answer is clear:
the one thing that NHS cannot
afford to do is to remain a
largely non-digital system. It is
time to get on with IT.”

THE NEW
DIGITAL
MEDICINE

25
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Old Medicine

The transformation from medicine today (old, dumbed down) to new,
individualized medicine that is enabled by digitizing humans.

The next¢ big
goal in health
care
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IMPROVING

B ﬁ%\—lg g'iéz Improving Diagnosis in

Health Care exposes a
critical type of error in
health care—diagnostic
error—that has received
relatively little attention
since the release of To

Err Is Human. 10 LRR IS HUMAN

287 pages (2000)
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450 pages (2015)
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AN EXAMPLE
FROM OUR
OWN RESEARCH
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The combination of sensor-based and
syndromic monitoring

You have an infection. Please contact
your doctor. We have therefore booked an
appointment at 11:30 today with your GP.
There is currently an outbreak of influenza
in your area. Try to avoid close contact
with others to prevent further spread.
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MOBILE
HEALTH
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l¢ Mobius MD

11 surprising mobile health statistics
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mHealth is increasingly accessible

» 81 percent of American adults have a smartphone

* There are now 318,000 mHealth apps available in major
app stores

» Over 60 percent of people have downloaded an
mHealth app

https://www.mobius.md/blog/2019/03/11-mobile-health-statistics/
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Smartphones enable healthcare

» Most smartphone users have used their device to
gather health-related information

* 90 percent of physicians already use smartphones at
work

 Two-thirds of the largest US hospitals offer mobile
health apps

https://www.mobius.md/blog/2019/03/11-mobile-health-statistics/
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Patient engagement is often mobile

43 percent of millennials prefer to access patient portals
from their smartphone

« 74 percent of patients say using mobile apps wearables
and other mHealth tools helps them cope with and
manage their conditions

https://www.mobius.md/blog/2019/03/11-mobile-health-statistics/

80

30



18.11.2019

mHealth creates value and revenue

« 85 percent of health insurance companies think
mHealth creates value

» The biggest cost saving benefit from mHealth apps
* The global mHealth app market is growing fast

https://www.mobius.md/blog/2019/03/11-mobile-health-statistics/
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@ Others @ Healthcare providers/payors Medication adherence @ Women's health
© Disease management Nutrition & diet @ Lifestyle management @ Fitness

Mobile health apps market forecast in the United States from
2018 to 2025, by type (in million U.S. dollars) O Statista 2019
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https://www.mobius.md/blog/2019/03/11-mobile-health-statistics/
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Questions?™™ ¢

gunnar.hartvigsen@uit.no
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