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Who am |

Research area

- Biomedical data standardization (Genomics and PGHD)
- Dagital healthcare, DTx

- Distributed data analysis and platform
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Career
Apr, 2019 — Current Assistant professor

Department of biomedical systems informatics. Yonsei university college of medicine
Mov, 2013 —Mar 2018 Research assistant professor

Healthcare innovation bigdata center, ASAN Medical Center
May, 2013 — Oct, 2013 Senior researcher

Platform technology team, CSP Research Center, Samsung SDS
Mar, 2012 — Apr, 2013 Post-doc (PI: Ju Han Kim, M.DD., Ph.[D.)

Division of Biomedical Informatics, College of Medicine, Seoul MNational University
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Global healthcare challenges

More than 1/3 of people will be diagnosed
with cancer in their lifetime

500+ million people suffer from
respiratory diseases

400 million people worldwide have diabetes

An estimated 1 billion adults with hypertension
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Digital Therapeutics; DTx

Digital therapeutics (DTx) deliver evidence-based therapeutic interventions to
patients that are driven by high quality software programs to prevent, manage,
or treat a broad spectrum of physical, mental, and behavioral conditions. Digital
therapeutics form an independent category of evidence-based products within
the broader digital health landscape, and are distinct from pure-play adherence,
diagnostic, and telehealth products.

*Enhance and support current medical treatments

*Provide patients, providers, and payers with novel therapy options for unmet
medical needs

*Be used independently or in conjunction with other therapies

*Reduce reliance on certain pharmaceuticals or other therapies

*Integrate into medical guidelines and best practices

Source: Digital therapeutics alliance
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What medical field can be improved through DTx?

NATIONAL

DIABETES

PREVENTION
PROGRAM

« DTx for Diabetes
+ Coach supported weight
management program based
* Hospital PHR based

13.5 in 1000 children in the United States
experiance ksletlectusl Diabdlity {10)

« DTx for children

- serious game for intellectual
disability children
- Feverish children
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Diabetes eHealth(Digital) ecosystem

hanisms
ﬂﬂ'ﬁ{‘i -
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Table. Multiple technology-enabled solutions for diabetes and prediabetes education and care

Dalivery methods Audiencasofferin | Third-party Accessibility Metabalic data
as attributes
*  Self-paced + Prediabetes * FDA Cleared * Open to public + Glucose
* Group based + Type 1 = Dhgital * Referral +  Smart insulin
= Coaching based diabetes therapeutic required pen doses
on PGHD = Type 2 ADA recognized Prescription »  |nsulin pumg
Clinical guidance diabetes DEMES required data
Video = Peer suppornt COC recognized Membership = Heart rate
= Articles community DFP required + Blocd pressure
* Interactive tools | + Analyzed data | = ADCES licensed | = Integration with | = Lakbs
*  Phonefapp by report or curriculum individual's
* Internet cloud DT5ec certified local healthcare | pood and Siness
accessible to team trackers
the healthcare + Food
team + Sleap
= Abality for + Stress
IWD-WH}'. - Mh&‘."
communicatio . Metes
n between the « Social
patient and determinants
healthcare + Other
team

SOUCE: American association of diabetes educators (AADE) 20016 Technology workshop

Based on architecture for integrated mobility framework (AIM).
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Patient Generated

l

Figure, Critical times to refer to Diabetes sel Fmanagement education and support
Diabetes Self-management Education and Support for Adults With Type 2 Diabetes: Algorithm of Care
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MNutrition Ernationsl Health

1 2 3 4
A# dipgnach Amnwol ssevrent of When new complicating foctory | Whaen irpasitioes in care ooour
S mﬂhﬁw
Education with Wiktm gy s g o7 et oedl o rearre
Diabetes L Pty g tmed 0wty P Te————— - ve—— [
3 ima ik 1 . T Meat poncition. nach s el O Lovng sltuscon wet pLRpERCLOT
B :ﬂ““ﬂﬂ Q "w_ﬂ_ =ﬂ.‘“ﬂlﬁf w‘_ i
Mmrl'ﬂ : mlﬁ . ey e s W E“’.‘E“HI
(=] m.muo-l_ -n—lm"__ ﬂwi;‘.m
o et a -‘*"- - grition, witcem, K
B et | —
Two-way e e
. = L Wirighet o 0w et SaOeT
Communication = """'. "'l"""""""""""""‘

SOUCE: Greenwood DA, et al (2017) A systematic review of reviews evaluating technology
-enabled diabetes self-management education and suppost. J Diabetes Sci Technalogy
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Technology enabled self management in diabetes

Table. Commonly used technologies to assess daily glucose parameters. experiences, self=care behaviors and
context.
Construct Measures of interest Technologies used Considerations
Ghycemic o Glycemic variability » Blinded or open continuous » Can assess variation continuously
prarameters & Time in range glucose monibors # Lamge amound of data
o Time in hypo- and hyperghcemia o ldeal assessment inmervals
Patient- o Presence of clinical disorders (e, « Smariphone applications o Reduces bias, more ecologically valid
reporied depression) o SMS-delivered online surveys »  Measures are often unvalidated
oUtComes # Affect and mood ® Computer-hased surveys #» Burden and ease of use for participants
& Motivation and coping & Audio recording devices,
Construct Measures of interest Technologies used Considerations
Physical = Sleps taken e Smartphone applications (SRI = Many lechnology oplions
Context activity & Hear rate o SMS-delivered online surveys ®  Accuracy of measures unclear
» Heart rate variability (5R) & Large amount of data {e.g., every minute)
& Sedentary behavior o Wearable wristbands
Diet and » Calories comsumed e Smartphone applications (SRl & Large amount of data
food choices e Carbohydrates consumesd e SMS-delivered online surveys o Often requires additional coding le.g., images)
# Protein and fat consumed 5K) & Selective or incomplete use of monitoring
& Food choices (e.g., soda and o Cameras technology can often be a problem
Medication viegetables) o CGM monitors (excursions)
adherence
Sleep & Hours slept e Smartphone applications (SRl e Wearables allow for objectively quantifying sleep,
& Time in REM e SMS-delivered online surveys though sleep is assessed indirectly, high noise
o MNumber of awakenings (5K}
& Sleep quality » Wearable wristhands
REM, Rapid eve moverment; SK, seli-report; SMS, shorl message service,
SOUCE: David . Klonoff (2020) Diabetes digital health. Elsevier
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Limitation and challenges with PGHD

/ \
/ /immature PGHD'\\
interoperability
standards \\\
Y (provenance, i
\ exchange, and

Different views merging) /
about right to Y /
access, use and '
share PGHD

Statistical rigour
of real-world data

. / Disparate rules \

data

\ generation /

Moaodified from ONC and https//crcaustralia. comy/media-releases/real-world -data)
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Insulin management
Patients: T1DM or T2DM on insulin

Blood glucose
meter

* SMBG

* Flash glucose
manitaring

Core
components

e Theoyomseq Appoprt for ol hastn eyt

resrerrmesa———]

Insulin bolus calculator

Inputs:

= Carbohydrate count

= Physical activity

* Insulin/carbohydrate ratio
= Basal insulin dose

Qutputs:

= Meal-time bolus

* Suggests parameter changes
if SMBG is off-target

Diabetes education and self-management
Patients: T1DM, T2DM, at risk for T2DM

« mHealth interventions for diabetes
are heterogeneous and clinical effects

Self-monitoring Messaging are generally modest
o et «  Barriers to adoption include cost,
- Activity (via self-report | Feedback for self-monitoring sustainability and integration with
or accelerometers) data healthcare systems
* & Weight * Reminders (for medications
= + Blood pressure SMBG .
“ ! + mHealth has potential to expand

access to healthcare in underserved
populations and to deliver precision
medicine

+ More work is needed to assess which
features promote clinical efficacy and
patient engagement

«  Future work in diabetes should focus

Blood glucose meter wirelessly connected to app
Parallel apps for carers

Parsonalisation - Gamification -
Goal-setting - Social suppart

Wab portal displaying self-monitored data £ EHR integration

Additional
featuras

Reports for clinicians + clnical decision support tools
Telemedicing, telecaaching

on medication adherence and lifestyle
modifications

Closed-loop systems may replace the
need for insulin management

Enhanced media. e.g. photegraphic food diary, video messages, voice recognition

mHealth tools

SOURCE: Shan et al (2019) Diabetologia. Digital health technology and
maobile devices for the management of diabetes mellitus: state of art.
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Reality check for DTx in diabetes management

Hospital based

1.Park YR, et al. Managing Patient-Generated
Health Data Through Mobile Personal Health
Records: Analysis of Usage Data. JMIR Mhealth
Uhealth 2018;6(4).e89

2. Park YR, et al. The Use of Mobile Personal
Health Records for Hemoglobin A1c Regulation
in Patients With Diabetes: Retrospective
Observational Study. J Med Internet Res
2020;22(6):e15372

Person based

1.Kim HH, et al. Weight loss and behavior pattern in
relation to goal setting in short-term mobile diet
programs: an observational cohort study using a single
mobile application. (under review)

2. Kim HH, et al. Identification of weight loss trajectories
and their factors in a 16-week mobile app intervention: a
retrospective observational study. (under review)

3. Kim HH. et al. Development of prediction model for
weight change in obesity management mobile app:
using interpretable Al with attention mechanism. (in
preparation)

4. Kwon HW, et al. Development of Prediction Model for
Customer Churn with Lifelog Data in Mobile Healthcare
Application : Retrospective Study. (in preparation)
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Which person continuously use the DTx?

Older patient with chronic disease
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How can DTx help patients?
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How can DTx help patients?

Management of diabetes

Figure L. Hemoglobin Ay, (HbAg, ) patiems fdecling, r-squred value, and S04 of continsous and noncontinuous users. The -axis i

the porcestage

of days pani from the first Fha g, meassrommi compared with i period bebwoen e fird and lasi HbA ;, moassromonis, The dashed lines aev the
HbAy, decling of cach paticni. The sbops ssd v-anm insorcopt of e continuos lines indicates the mean of skope and y-ais of pationts, respectively

Decline mean:-0:005.... |

Decline mean: =0.002:-=

Fark ¥R, et al. The Use of Mobile Personal Healih Reconds for Hemoglobin A1c Re

Continuous user MNon-continuous user Pvalue
(n=133) (n=7320)

First measurement <6,5%
last measurement

<6.53%, n(%o) 15(11.3) 1040 (14.21) a4

=6,5%, n{%) 753 564 (7,70 29
[Worse than beforz]
First measurement =6 5%
Last measurement

=.5%, (%) IR (28.6) 564 (7,70 01
|Betier than befone|

73 (54.9) 4278 (58.44) A1

=6.5%, n{%)

With Diabetes: Retrospective Observational Study. J Med Intemet Res 2020,22(5)e1 3-‘2
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Noom coach - weight management

» Noom, the weight-loss and personalized meal-planning service.
» More than 45 million users, The best Healthcare app in App store, $200 million Sales in 2019.
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Which person continuously use the DTx?

Interpretation with GradientExplainer

The plots above showed how the variables at each time point affected the results of the churn prediction model. The red
areas are the variables that influenced the model's final predicted values being high, and the blue areas represent the
attributes that affected the model's final predicted values being low. Overall. the attributes of the variables appear larger
time point of churn and retain.
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DTx for Childeren
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DTx for ADHD (US FDA approval)

Fil NEWE RELEASE

Attention Function in Children with ADHD
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How can DTx help patients?

Early detection
to distinguish between children with heterogeneous developmental disabilities and those with normal
development using Game Derived Index
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Figure 3. Correlation matrix for the game-derived index and neuro-psychological

tests of normal development and developmental disability group. Bang C. Nam ¥, Ko EJ, Lee W, Kim B, Choi Y. Park YR. A serious game-derived index
for detecting children with heterogeneous developmental disabiliies: A randomized
climical trial. JMIR Preprints. O4/06/2019:14924 (under reviaw)
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How can DTx help patients?

Treatment
to identify the effect of serious game on cognitive improvement in children with developmental disabilities.

Intervention Comirol Aedian difference betwern groups”
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How can DTx help patients?

Management

to identify thermal patterns according to antipyretic drug and vaccination in
patient generated health data
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Ahn 5H®, Zhiang J®, Kim H, Chang S, Shin J, Kim M, Lea ¥, Lea JH, Park ¥R. Postvaccination Fever Response Rates in Children Derived Usir
the Fever Coach Mobile App: A Retrospective Observational Study. JMIR Mhealth Uhealth 2019.7(4):e12223

Park YR®, Kim H*, Park JA, Ahn SH, Chang 5, Shin JW, Kim M, Lee JH. Comparative analysis of antipyretic effects between single and
combined antipyretic therapy in children using real-world big data collecied with a mobile application "Fever coach”. (in preparation)
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Limitation and challenges with PGHD

Need to improve Data sets are
user engagement complicated
continuously and difficult to - >\ " stakeholt i
interpret . 7 \
e Y / Immature PGHD\

~ Gapsand 1. Development of distributed i S /" / interoperability
Inconsistencll computing technique for multi- standards \x

between dat: A : : at. A \ (provenance, /
\ Solces dmﬂentmna!i portioned data | \ exchange, and
S = : merging) f
. LY : Different views /
Mismatch problem i acy : L : /
between PGHD and of pi : SI0UR B md =
. : Sibenfert o access, use an

clinical outcome y: : b \§ : P : share PGHD

2. Development new
technologies for obtain
consent from patient

Source: https/fcrcaustraliacom/media-releases/real-waorld-datal, ONC
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Development of distributed computing technique

® Cross Device: On mobile phone and edge application
® Cross Silo: Only a small number of relatively reliable clients

Hergital 1 Pengital T Haspital 3
darakase datakane databads
= -
Ty a3m adn ada
A'\ L [ m [ m
(I IITE | [0 - 0@ ot
; C Il o / trained localy
(=] 0000-0000 il
. < bedaratind manne
Anatyeer
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« Consent technology
L] Tiered CDHSEnt BLOCKCHAIN DYNAMIC COMSENT :_u.l'in.::l-\_-\__-\_“a
« Dynamic consent

« Data standard for PGHD E
« Consistent guideline for § :
generating PGHD Yy &
» Data specification |
» Use case i

SMART CONTRACTS DE-IDENTIFICATION BIG DATA ANALYTICS
AND ERCEYETION
TECH I

My Health My Data (MHMD) A new paradigm in healthcare dala privacy and security.
Poster, 1 Nov 2016
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Medical informatics lifecycle

EMR

Collect
ﬁ Maintain

Use

D Diarnoss > STreament > '

Share
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Development and apply for PGHD Standard

Jithy living

Collect
Maintain

Connected care am « s nrormat’

Home care
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Are digital health poised to become mainstream in diabetes$

An overview of digital health funding and publishing by therapeutic area.

Number of publications, 2015-18

VI funding Scientific
Therapeutic area 2015-18 ($ million) Non-scientific Non poer reviewed Poar reviewad
B With data
Diabates 2001 e
Central nervous 471
system
Cardiovascular 427
43

Resplratory 571 61

130
Other 1461 161

SOUCE: David C. Klonoff (2020) Diabetes digital health. Elsevier
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Are digital health poised to become mainstream in dlabetes

» Digital health, although nascent, have shown great promise in addressing the
burden of chronic disease but are still struggling for widespread adoption.

» The level of robust clinical evidence generated to support these technologies
is limited, with higher volumes and quality required to differentiate them from
“health and wellness” app.

» Current business models will need to evolve in line with change in the
healthcare ecosystem, while other external enablers, such as regulatory
clarity, demand form health systems, an improvement in underlying
technologies, and sustained investment, will need to be addressed to support
mainstream adoption.

SOUCE: David C. Klonoff (2020) Diabetes digital health. Elsevier
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Thank you

vurangpark@vuhs.ac

https:// www.dhlab.org/
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