Health Information Database
Application
B FR R DA TR R
Big Data for Biomedical Applications

Chien-Yeh Hsu %= ¥ PhD
el SLN Y %ﬁﬁ?am%
National Taipei University of
Nursing and Health Sciences

L R
Taipei Medical University
r’ HFEETAE €
= /%pg 5 A)% g€

2015-aEr e E RN e REEE(Big Data) > B 2 2 ] 1

XlFFP‘r



Roadmap for ICT Development In
Talwan

E-Taiwan /'@TA'WAN U-Taiwan

/R
N

T LIGENT
JUV,X)

2002-2007 2005-2008 2008-2009 2009-2016

KHCHH

TTBU5E



Application Trend '
pplication Tren Development Trend of Taiwan Health Systems

)
o g @eﬁ
Ubiquitous e &
. : Me al @ X\ )
e_SerV|Ce L i;:::::;:::iigg;:' ‘b&‘
P O e cone Gl Promote development
\ % M Healthcare ofVa_tIue_-added health
W applications

Mobile

Services
Promote development
of health informatics

applications

Governme
e-Service

& e-indus-
trialization

Insurance

(o)

2002 2005 2008 2011

Construct Healthcare
Informatics
Infrastructure




The NHI VPN R 72 & # 3% %

oo OH
0ooo Eg CDC 2
oo O0oo0igg

HIN @ -

A TN SC

il | HCA

Other 100 '
NHI VPN  HIS

_\., 5,000
%I [Pharmacy

7,000
Clinics

NHI head-
guarter

=)

NHI local
offices

IDC — Internet Data Center

SC — Service Center

HIN — Health Information Network
NHI VPN — Virtual Private Network



o pr L oo r{;'} - S }\E =+
n.[. —— g 3 oy =
‘*]‘__.%. i:)k’\ - _| LE EE'I
© [1-1] BrEBRREFTH © [2-1) Z#r w2 5% FIRE
AR iy [44 17 ¥ ] %ﬁilggilauzﬂrg
AR FRTRE @fﬁ% é
4 :

AL kR

é@a\’ g;uf/% ] - © [22] %= FLFRFE
‘e 4 ‘y PE':E:‘%PR{‘};J‘i
it B REEE] ELEER 6 -

g e BB ER
P?‘J ¥ J

% Mfrr.a»eg
TR

[4-1] &R T4

£y (RN 3]*—?%'" PR 33
e ya R
R TRE
FE FE 1-1 B A B BRE T 2 RG>

TEL
21;/;"’1’}%@” ~f'¢’ Arg VE,)’\PRjﬂZ‘
3. EE BEHEIRIE 223 -prpamezans
3-1:kiEEE RAERIGF

4-1 & A e RIS
© [3-1) ke k BERBTF W B T g 1 PRAE

[RFE ] F2ERER 1F-R



Establishing EMR In Taiwan

 Vision: At any hospital, a patient can get
his/her integrated medical records using
the health insurance IC card under the
agreement and authorization of the patient.

 Goal: By 2012, 80% hospitals(400, no
clinics) DICOM and report, Test reports,
and medications, 60% hospitals can
exchange EMRs.

By 2014-(2016) complete EMR and
exchange for all hospitals
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Personally controlled EHR

Value-added application

&

Health Heal th

- Self-
EMR Insl;g'f;lce R Check- collected
up

Min-Huei (Marc) Hsu, Director of Medical Informatics
Center, Ministry of Health and Welfare, TAIWAN



Let's ask google about “big data”
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What is BIG DATA?

Wikipedia: a collection of data sets so large and
complex that it becomes difficult to process using on-
hand database management tools. The challenges
include capture, curation, storage, search, sharing,
analysis, and visualization. The trend to larger data
sets is due to the additional information derivable from
analysis of a single large set of related data, as
compared to separate smaller sets with the same total
amount of data, allowing correlations to be found to
"spot business trends, determine quality of research,
prevent diseases, link legal citations, combat crime,
and determine real-time roadway traffic conditions”.



What Is Big Data?

High-volume (K&)
High-variety (Z&5)
High-velocity (|#%E)

— sources such as online personal activity, commercial
transactions, and sensor networks

Relating to health is a component of a growing

field.

— e.g., e-health, m-health, digital health, health
iInformation technology, health 2.0, e-medicine, etc.




5 Vs of Big Data

» Volume, Veracity(ZE#), Velocity,
. Variety, and Value(£&15)

e Banking/Marketing/IT:
. Volume, Velocity, and Value

e Healthcare/Life Sciences:
o  Veracity(ZEM#H), Variety, and Value

15



How Big is BIG DATA?

Google amazoncom

NCBI
Wmu GenRank facebook

What about human brain? The Human brain’s memory
storage capacity compares to something closer to around 2.5
petabytes (or a thousand Terabytes); which hold three million
hours of TV shows. You would have to leave the TV running
continuously for more than 300 years to use up all that storage.

http://www.scientificamerican.com/article.cfm?id=what-is-the-memory-capacity



The BIG DATA Challenges in Biomedical Science

Technology:

e Storage

* Query (Search)
Sharing
Transmission
Computation & Analysis
Visualization

Policy:
« Data sharing and access
» Workforce Education and Training
e Sustainable funding support



BIG DATA Sharing Challenges in Biomedical Science

e Lack of incentive, motivation and means

e Culture change from DIY (Do It Yourself) to DIT (Do It
Together)

e Technical infrastructure to address unique
requirements of clinical research IT, e.g. confidentiality
and security issues!

e Lack of metadata in biomedical datasets (not being
effective with universal frameworks or standards, but
rather successful with research focused and project
driven)



Opportunities to BIG DATA Science

e Infrastructures, policies and incentives to promote data
sharing
* Fosters the development, dissemination, and effective
use of computational tools for the analysis of datasets
whose size and complexity have grown by orders of
magnitude in recent years

e Integration of molecular and clinical datasets for analysis
e Collaboration & interoperability
e Logistical and analytical challenges and needs
e How to contextualize and comprehend?

e Data should not be integrated for the sake of integration,
but rather as a means to address specific biomedical
guestions and needs



BIG DATA Impacts to Translational Bioinformatics?

The growth of biomedical research data is evident in
many ways:

*GenBank (which as of August 2012 contains more than 143
billion DNA bases from more than 156 million reported
sequences), and within the published PubMed literature that
comprises over 21 million citations and is growing at a rate of
more than 700,000 new publications per year.

*Translational and clinical research has experienced similar
growth in data volume, in which gigabyte scale digital images
are common, and complex phenotypes derived from clinical data
involve data extracted from millions of records with billions of
observable attributes

The biomedical research community is within a few
years of the “thousand-dollar human genome needing
a million-dollar interpretation”.



Leveraging Big Data to Prevent
Disease

Disease prevention requires two steps.

1.ldentify modifiable risk factors for disease

- e.g., diet, exercise, smoking, alcohol
consumption, and environmental pollution.

2.Interventions to improve disease risk
factors
— To help that person achieve these goals.



Bio-Medical and Health Informatics
needs Analytics
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The NQF Data Initiative

> For more information, go to
www.qualityforum.org/data/

NATIOMNAL QUALITY FORUM

http://www.qualityforum.org/data/



The Value of use of health
related data

o Secondary Use(#c & & #* g« = =t i@ #* )4 Bu] it 2

B TR AR

— FR% ¢ 2208w B> R AT R KA —‘g %
USA started from 20 years ago

FTES R > 35 P T 1T BT Z4n 2 gliTH* R

2o e, & for discovery of New treatment,

oi?agnosis methods, side effects of drugs,

relationship between diseases

FAT RERTREE BT EER T A S T
A Z2_+4# 7, open data will fit the benefits of
majority of people

From Prof. Jack Li



International Cooperation Example
Global Alliance
Just announced: 7 June 2013
/0 organisations joining to promote sharing and
standardisation of genomic data

A Global Alliance for sharing genomic and
clinical data

A White Paper circulated in early 2013 has the
support of nearly 70 organisations in Asia,
Australia, Africa, Europe, North America and
South America who are committed to creating a
common framework that supports data analysis
and protects the autonomy and privacy of
participating individuals.

http://www.ebi.ac.uk/about/news/press-
releases/Global-Alliance



Integrated Biomedical Informatics
for Clinical Research
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Roadmap Standard Models

Laboratory Translational Clinical Population Public
Research Research Research Research Health

Bench <:> Bedside <:> Practice

» Accelerate basic research discoveries and speed translation of
those discoveries into clinical practice

* Explicitly address roadblocks that slow the pace of medical
research in improving the health of the American people




BIG DATA in Biomedical Research...

Starts with "Quality Datasets”

... heeds a re-usable, extensible, sharable
and interoperable informatics infrastructure
to enable and streamline collaboration and
data sharing for translational research...

Yang C. Fann, Ph.D. 2014 NIH/USA



e Databanks related to health



Health-related Databanks

Process and Outcome
Mortality Morbidity Disability Others
Death reporting 1.Health 1.Catastrophic 1.Birth reporting
Insurance disease 2.Health care
utilization certificate databank | organization/servic
databank 2.Disability e databank
2.Cancer certificate databank | 3.Special survey for

registration

care providers

Health determinant
Health behavior Economic status Family status Ethnicity
Health and | Household income | Household & | Indigenous
nutritional survey |and expenditure | health  insurance | people databank
survey records

30



Use of cloud technology to

provide health informr

value-added servicesjj{E &

ation
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Bio-medical and Healthcare Data are
BIG Data = EMR data + genomic data

BUILDING A CLOUD-BASED CLINICAL
DATA REPOSITORY (CDR)



Facebook can predict your breakups
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Trending: Reports | Android | Galaxy | Tunes | Kindle Got a Tip for Us? | Follow Us: ¥

Home = Mobile News > Facebook Mews > Facebook Gan Predict Hookups, Breakups

Facebook Can Predict Hookups, Breakups . Mol GO on Fachod
Like | 9,220

3 Follow @mobiledia | 3,043 followers
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Eating Habits

Stop counting calories start eating better
https://eatery.massivehealth.com/
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Disconnect in School

Breakfast School Break School Aiter School Evening ToBed

6 7 8 8§ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

® Games ® Internet or MSN ® WMagazines ®TV
@ Cell Phone cr MSN @ Newspapers @ Radio

Slide Courtesy of Cisco, Australia



National Health Data Center

Bureau of Health
Promotion

By

Local Health Bureau National Data
Data Center




NHIRDB In Taiwan

* NHIRDB (National Health B

Each year, BNHI collects data from the National Health Insurance program and sorts
it into data files, including registration files and original claim data for reimbursement.

I n S u ra n C e R e S e a r C h These data files are de-identified by scrambling the identification codes of both patients
and medical facilities and sent to the National Health Research Institutes to form the

original files of NHIRD.

Database)

chlstry for contracted beds (BED)
— - 1 1F1 1 Registry for contracted specialty services (DETA)

1 2 ye arS Of d e I d e ntlfl e d Cl a'l m Registry for contracted medical facilities (HOSB)
Supplementary registry for contracted medical facilities (HOSX)

d atab a.S e fo r 2 3 m i | I i O n p e O p | e Registry for board-certified specialists (DOC)

Registry for medical personnel (PER)

— Cohort DB (Five 1-million A s

Registry for medical services (HOX)/td>

Registry for drug prescriptions (DRUG)

people groups for 13 years) B ST
— Disease-specific DB (16

Monthly claim summary for inpatient claims (DT)

disease groups) i

lnpaucm expenditures by admissions (DD)
Details of inpatient orders (DO)

—_— R an d O m S am p | e D B Ambulatory care expenditures by visits (CD)
Details of ambulatory care orders (OO)

1 1 1 Expenditures f iptions dispensed ed ies (GD
(outpatient 1/500, inpatient s
1/20)

— generates >100 research T
papers a year @%ﬁﬁﬁ%ﬂﬁiﬁm e e o ﬁE
Ses Ve o A R -.-:..-mf\}j&"*i - fl
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Integrated Data Analysis

{E R Bt R B
Social Determinants of Health

Socioeconomic status
Work environment
Childhood environment
Health behavior

Indicators of Health Service

Accessibility e prasggep o
Availability

Efficiency Of Medical,

Effectiveness hres\'/tehni?;i, sr)ldemlc
o ST IARENES Eontrol, Healthcare

Safety

policy

Source: Translated from Huang SM From EtEEL4TETHE 38



Value-added application
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e Examples of value-added application



Big Data %%/%v i

Drug for reducing mortality

— Statin([FEHEEEF HEE - A2 5 i8R ) Use and Reduced Cancer-
Related Mortality, Sune F. Nielsen, N Engl J Med 2012; 367:1792-1802

Predict disease outcomes

— Diabetes Care. 2015 May;38(5):746-51. Epub 2015 Feb 9. Long-term
Mortality Risk After Hyperglycemic Crisis Episodes in Geriatric Patients With
Diabetes: A National Population-Based Cohort Study.

Better anesthesiology

— Anesthesiology. 2010 Aug;113(2):279-84. Anesthetic management and
surgical site infections in total hip or knee replacement: a population-based
study.

New drug
Capturing disease risk factors

— L. Li,, Disease Risk Factors Identified Through Shared Genetic Architecture
and Electronic Medical Records. Sci. Transl. Med. 6, 234ra57 (2014).



Disease Prevalence by Medical Visits
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Collaboration Center for Value-
added Application of Health
Databanks Pilot 2
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FHAEF IEHEEE I8 EREAERIARE 2010

Data Architecture by Subjects with Active Analysis

and Assessment
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HAERHEMERE(33FE) different databases
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CLOUD COMPUTING FOR
PERSONALIZED HEALTH
CARE
Achieving Meaningful Use of
EMR/PHR



Meaningful Use of Health/Medical
Information -- 4P Medicine

 Personalization
e Participation

e Prediction

* Prevention

e More Ps
— Healthcare Promotion
— Precision medicine
— Payment system

Dr. Leroy E. Hood



A Definition of Personalized Medicine

 Personalized medicine is the use of
Information from a patient's
Phenotype/genotype to: initiate a
preventative measure against the
development of a disease or condition,
or select the most appropriate therapy
for a disease or condition that is
particularly suited to that patient.

Definition paraphrased from www.wikipedia.org
Other sources: Jones, D. Nature Reviews Drug Discovery 2007; 6:770-771; Katsanis et al. Science 2888;
320(5872):53-54; Feero et al. JAMA 2008; 299(11):1351-1352




(R IRE R E B AR T%S--A Personalized
Wellness Ecosystem on Cloud
o (AR E RS 2K B A Y AR

e Pervasive Personal Health Management
Service

— Context aware health monitoring fi& & &5 I

— Personal Health-aware devicesfBAEE

— Intelligent alert managementEHZ &R

— Pervasive lifestyle incentive management4%E;&ZA I
— Pervasive access to healthcare information{& &
— Preventive Care & Chronic Disease Mgmt& iR & I8
— Social Health PromotionfI & #i2E

Ny

Source : Pervasive Healthcare as a Scientific Discipline, Methods Inf Med 2008.



Meaningful Use of EMR

* The importance of this project

— Build infrastructure so that citizens own their
health record and receive basic health care
services at the right time and right place

— Fee for lllness = Fee for health

Business Model Sub-Healt
t Entropy

Focus on healthcare industry

Health
Body

iln
s ~ and soul

e Benefit
— Reduce the waste in medical resources
— Improve healthcare guality
— Promote the health for all citizens 58




Interventions to Improve disease
risk factors

To help person achieve these goals.
In the past

— a brief word of advice from one’s physician at the
annual checkup.

— e.g., avoid smoking, exercise, and eat healthy foods.
Big data offer

— outside of the clinic in a personalized manner.

— more sophisticated program would include algorithms
that provide personalized feedback to assist with

behavior modification at key moments of decision
making.

— e.d., suggesting healthy recipes while the patient is
shopping,; encouraging exercise at the end of the

workday, or giving a personalized warning about
location based environmental triggers for asthma



Example 1: Big Data and
Physical Activity

Smartphone apps that have the potential to passively

and continuously track physical activity.
More detail data

— how physical activity is affected by the social and
environmental context.

Directly help

— real-time reminders to increase physical activity
before the end of an unusually sedentary day to avoid
missing one’s daily activity target.

— linking groups in order to increase motivation.

Donaire-Gonzalez D, et al. J Med Internet Res, 2013



Example 2: Big Data and Asthma

e Sensor snaps onto asthma metered-dose
Inhalers, that passively captures the time,
location, and GPS coordinates of inhaler use by
communicating with a smartphone.

* App allows users to provide further contextual
Information, such as symPtoms, perceived
triggers, activity at time ot use, and whether.

« Creating a data feedback loop to improve
adherence behavior.

— Reducing asthma symptoms and improved
control.

— city of Louisville, Kentucky, has adopted this

technology to address their elevated asthma
burden.

Van Sickle D, et al. Resp Drug Delivery Europe, 2013
MacDonald C. The Environmental Magazine, 2012



Personalized & Preventive Healthcare
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Cloud computing will quickly change the use
of medical information

« The fact that Google and Microsoft are heavily invested “in the cloud”
extends to their new offerings for medical records services, such as
Microsoft’'s HealthVault and Google Health.

 (Google 23andMe, 3.9 million USD and more, The integration of biological
information, the use of new technology to establish a standardized DNA
database, work with pharmaceutical and biotech industry to develop new
drugs and personal medicine, Alzheimer’s foundation, Direct-to-Consumer
research: recruit 10,000 patients with Parkinson’s disease to enroll. Brin’s
Search for a Parkinson’s Cure, Brin proposes a different approach, one
driven by computational muscle and staggeringly large data sets.

* For example, a mutation to the GBA gene is 5 times more likely to have
Parkinson’s

« 23and Me: Parkinson’s Genetics Initiative

» 1. Tool Construction: Survey 2. Recruitment: 10,000 subjects with
Parkinson’s. 3. Data aggregation: Community members DNA analyzed and
surveys. 4. Analysis: database query based on 3,200 subjects. The results
are returned in 20 minutes. 5. Presentation: People with GBA are 5 times
more likely to have Parkinson’s. Total time elapsed: 8 months

 Traditional Model

1. Hypothesis: 2. Studies: 3. Data aggregation: 5,500 subjects 4. Analysis:
5. Writing: 6. Submission: 7. Acceptance: NEJM 8. Publication: The paper
notes that people with Parkinson’s are 5.4 times more likely to carry the
GBA mutation. Total time elapsed: 6 years
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Public View
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Privacy and data management

Who owns your genome/EMR data?

Who controls access to your data?

Who will store the genome, images, medical records?
How do you control access?

Why protect patient data?

— Right to privacy

— Could affect insurance costs
Can we share data to improve:
— Drug research?

— Treatment research?

How to manage the information

— Privacy: patient records, including genomes should stay within
each medical system (country)

— Standards: personal genomes and other genetic data need
standards

— Language: genomes are just data, but metadata (name, address,
medical history) will be in local Ianguages



Want can Data Governance
Accomplish? 37532 end & i
Enable better decision-making

Reduce operational friction

Protect the needs of data stakeholders

Train management and staff to adopt common
approaches to data issues

Build standard, repeatable processes

Reduce costs and increase effectiveness
through coordination of efforts

Ensure transparency of processes

The most common objective of Data Governance
programs is to standardize data definitions across an
enterprise or initiative. (for example: &5 FEIEHAE)
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Data Governance
Focus Areas Policy, Standards, Strategy

Data Quality

Privacy / Compliance / Security
Architecture / Integration

Data Warehouses and Bl

Management Alignment

Seven phases of Data Governance Life Cycle Methodology

] 6

Develnp Frﬂpare Flan Deploy Govern
avalue the 1
statement madmap Fund program data

The Data Governance Institute
www.DataGovernance.com



What Do We Need To Get There?
New-Style Leadership
New Skills * 4 £ &
Next Generation of ICT-engaged Clinical Leaders
Executive Level-performing CIOs
Medical/Clinical Informatics
Patient Informatics

Enterprise data warehouse architects/data
modelers, master data managers

Data Scientists (epidemiologists are the “new cool”)

Analysts - both business & clinical systems and
clinical data analysts

Project managers

Source: Gartner, 2013



« Data Analyst
— Learn how to manipulate and analyze data

e Data Scientist

— Learn how to make inferences and predictions
from data.

« Data Engineer

— Learn how to build data pipelines to work with
large datasets.

71



Four Types of Analytics Capability

Analytics Human Input

Descriptive
What happened?

Diagnostic
Why did it happen?

Predictive
What will happen?

Bl 2

Decision

Data

Decision Support %—%

Prescriptive
What should | do? RN =
Decision Automation

I —_—
[=1

Gartner Says Advanced Analytics Is a Top Business Priority
Analysts to Explore Analytics Capabilities at the Gartner Business Intelligence & Analytics Summit 72
2014, October 21-22 in Munich, Germany (http://www.gartner.com/newsroom/id/2881218)



Visual Telling of Flow of Cancer Statistics

http://www.visual-telling.com/?p=343
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Mapping the Wealth and Health of Nations

GAPMINDER WORLD 2012
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This graph from Hans Rosling's Gapminder.org shows by country how long people livey
and how much money they earn.(https://www.youtube.com/watch?v=Y4hKgqu_J_ M)



Life expectancy (years)
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Life expectancy (years)

WORLDHEALTHRANKINGSLIVE LONGER LIVE BETTER

http://www.worldlifeexpectancy.com/country-health-profile/bangladesh

(https://www.youtube.com/watch?v=Y4hKgqu J M)
Show at 4:50, 5:49, 7:58, 12;04, 19:06 Kl
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“How would you be interested in wearing/using a sensor device, assuming it was from
a brand you trust, offering a service that interests you?"

3%
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Base: 4,657 US online adults (18+4)
(multiple responses accepted)

Source: North American Technographics® Consumer Technology Survey, 2013
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Personal Health Information Application Scenario

&) w9,

Diet Record Exercise BP, BS Record Others =

Recor Public Health
v/ Knowledge Portal —
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Q&A

Prof. Chien-Yeh Hsu #% & % #t#% 0939193212
e-mail: cyhsu@tmu.edu.tw, cyhsu@ntunhs.edu.tw
iﬂ‘b HIMGEE < &

e /%% PETW A)% § é’

LA FE S

LHFETAL ¢

National Taipel University of Nursing and Health
Sciences

Taipel Medical University

Taiwan Nursing Informatics Association, TNIA
Taiwan Association for Medical Informatics, TAMI
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