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Growmg Prevalence of DHL
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Primary. Care is the flrst contact and prmC|paI pomt of contmumg care forthe chronlc patlents

Near to 2 million visits te polyclinics{SHP) per year
* Majority are for chronie-conditions like DHL

Stroke 9 Hand|capped Kidney failure = Dialysis Diabetic eye disease >
blindness
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Al Iin Health Grand Challenge

“How can Artificial Intelligence (Al) help
primary care teams stop or slow disease
progression and complication
development in DHL patients by 20% in 5
years?”
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Al-enabled Chronic Care—-The 3 P’s

1. Reactive care to Predictive care

Classification task
to identify at-risk patients

— 1000 persons High care needs

—— 800 report sympioms

327 considar seeking medical care

217 visit 8 pliysician's offico
(113 visit a primary cora
physicion's offico}

65 visit a complomaentary or

alternativa medical care provider

21 visit o hospital outpatient clinic

14 rocoiva homa hoalth carn

Total population

A

,’\‘:\

b

13 visil an emergency department
— 8 aro hospilalizod

—— < 1i5 hospitalized in an academic
medical conter

\

Low care needs
Source: Robert Graham Center — The Contemporary Ecology of US Medical Care
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Al-enabled Chronic Care—The 3 P’s

2. One-size-fits-all to Personalized care

CHRONIC CARE ALGORITHMS
DIABETES MELLITUS (DM): DM Medications (available in SHP)

e Optimization task
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Al-enabled Chronic Care—-The 3 P’s

3. Passive to EmPowered patients

1day | Sun Sep 27, 2015 () 1day | Thu Oct 15, 2015 )

Doctors
share

400+

- 400

information
Together I
they / \
make a - N i . A A
Patients decision P S Nrrd N Vsl : \/ \\ M \// (70 J
¥ av
ﬁﬁlllllllllllllllllllllll o

consider 1 L L AL R L L AL
options 12am 6am 12pm 6pm 12am 12am 6am 12pm 6pm 12am
Shared-decision making 123 ™% s G "
- ownership for health decisions o o _ o
and own health outcomes Motivation to participate in self-monitoring
> Motivation to comply with and self-care (e.g. self-monitoring of blood
treatment glucose)
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JARVIS,,, Objective

1.

From reactive care to
Predictive care

+

-

. primary care

delivery efficiency
JARVIS,,, -

for right-siting of at-risk

i
|
|

Predictive stratification !
|
|

individuals. I

From “one-size-fit-all” to

3.

From passive to
emPowered patients

o2

2.

Personalized care

. patient

Iocal relevant

engagement
treatment effectiveness
------------ JARVISDHL m—— e JARVISDHL ==
2. 3.
Individually tailored 360 knowledge about

treatment options for
local patients.

patient reported data.
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J A RV I S DHI (“Just” A Rather Very Intelligent System)

Current Diseases

Medication/Dose

Selection
Al System STAGE 2

JARVISpy, Primary
Care Decision

Complications

Family History Detection

Complications
Prediction

Biomarkers

Clinical

Similarity Analysis Risk Stratification
and Treatment

Pathways

Predictive

Blood Glucose Health Services

Support Tool Planning

Physical Activity
Predicting MACE in

DM Treatment

Suggestions

Patient Similarity
Analysis

JARVIS,,, Advanced
Care Decision
Support Tool

Anthropometrics

Continuous Monitoring

Adherence to Rx Evidence-Based

Decision Support

°
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Drug Responses
Continuous Self-

JARVISpy - Monitoring

EMPOWER

Adherence to Appts

@
Q
c

IE
L
@
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X
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Previous

Adaptive Mobile
Applications and
Wearables

Shared Decision
Making

Admission/ ED Visit

Behavioral Nudging

Appt/Medication
Reminders

Physical Activity
Reminders

o
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App Inputs

Activation

Chat Bot

Chatbot

Voice Recognition

User Interface

Face Recognition




Data-driven Al

« Continuously learn from

local primary care DATA to
provide individudlized
evidence-based decision
support to physicians to
facilitate shared-decision
making (SDM) with patients

» Harvest next-generation
healthcare and lifestyle
tracking DATA toinclude
behavior and lifestyle data for
360-deqgree 24/7 view of the
patient

-

Al algorithms that are

efficient, robust, and

explainable to

* quantify benefits of
treatment and risk of
complications

* adapt customized treatment
regimen according to lifestyle

« alleviate patient anxiety over
perceived side effects

» support robust clinical
decision-making

* recommend evidence-
based treatment options

2ingHealth DukeNUp
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Al for Chronic Care: Considerations

high accuracy

1 Efficiency 2. Robustness 3 Complexity

Deep neural * Robust learning with Multi-objective
architecture with self-regularization and learners for
small footprint and non-linear kernels understanding

complex
interactions

4 Explainability

Automatic generation
of explanations based
on machine learning
and database
techniques

5. Causality

Inference of models
from clinical and
lifelog data
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_Stage 1: Research Findings

Predicting high risk pts for DM+ Developed RNN-Survival based on Temporal Point Process Model to identify diabetes
complications patients who are at-risk of MACE complications in 1, 2, 5 years.
* Measure the risk of both new and repeated MACE events and predict the next event time.
* Validated on Singhealth Diabetes Registry (SDR) Data.
* OQOut-performs state-of-the-art model in terms of c-index for MACE complications in SDR
and MIMIC-III dataset.
* Dashboard for prediction of diabetes complication is done and demonstrated.
* Next: Extend prediction to Kidney, eye and foot complications

Patient similarity analytics for * Designed and developed machine learning method to infer the distance metric for the
shared decision making identification of similar patients for shared decision making.
* Initial results have shown a substantial agreement of 0.707 between the learned distance
metric and 2 physicians

Personalized treatment Local data on statin treatment effectiveness based on real-world data varies from what is
effectiveness for local known from trial-based studies mostly conducted on Caucasian populations. (e.g. trial-based
population = statin initiation lowers LDL by 30-60%- ours was 20-30%, trial-based = doubling statin dose

lowers LDL by about 6%, we found that uptitration lowered LDL by 12-24%)
Next: To work on diabetic and hypertension medications.

Predicting CVD risk Low cost CVD screening tool reduce unnecessary clinical tests and cardiac stress imaging for
CVD risk stratification. [(questionnaire surveys variables, 24hours vitals monitoring, clinical
blood investigation and data from wearable device)]

Diabetic screening using SIVA- High agreement of between 082 to 0.95. SIVA-DLS found to have association with CVD risk
DLS for automated factors, incident CVD and with mortality.
measurement of retinal vessel Next: Linking of SIVA-DLS data with Diabetes main registry to prediction of maef® and micro

. . . SingHealth DukeNU
calibers from retinal images vascular complications ACADEMIC MEDICAL CENTRE
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JARVIS, , Timeline

02

2023-24

2022-24
° °
° °
° °

Fine-tuning of models and pilot
interfaces for deployment

Multi-site, adaptive, multi-
modality, real-world, hybrid,
implementation trial
* Models/algorithms validated and

improved
* Design of interventions finalized
based on each tool
* Study protocols finalized for each
theme

* Deployment of tools in
implementation trial
* Refinement of models, tools,
platform etc.

Evaluation of process, clinical and
patient reported outcomes

* Evaluate outcomes
* Prepare for manuscripts
* Prepare for wider deployment and
implementation at a health systems
level.
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JARVIS,,, Al Tools

JARVISp,, Primary Care
Decision Support Tool

Shared decision tool on
Medication Effectiveness
and DHL prognostication for

low risk patient
Medication/Dose
Selection

Similarity Analysis
and Treatment
Pathways

JARVIS
Screening Tools
Self-administrating CVD
Stratification Tool and
Predicting vascular
complications and coronary
artery calcium score (retina-
CAC) from retinal images.

JARVIS,,,
Advanced Care
Decision Support Tool
Shared decision tool on
developing MACE in 5 years for
high risk patient

Predicting MACE in
DM

.IJBAEwsDHLI-EIMEQWER °
ehavioral Nu gmgr

Semi-automated Shared
decision tool that decides and
delivers personalized behavioral
cues and nudges based on
patients’ risk profiles and
tracked wearables

Adaptive Mobile
Applications and Chat Bot
Wearables
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BIOSTATISTICS

LAREE
TO SAVE SOME TIME :ﬂ'ﬁD A T A ars
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Laypersons’ Assumptions

The Data is Always Right
gl IZ
The Computer is Always Right

—7 T—

> _ —
The Action is Always Right
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Al Accuracy: what You Teach is What You Get

“Exploring the ChestXRay14 Dataset: Proble
https://lukeoakdenrayner.wordpress.com/2017/12/18/the-chestxrayl4-dataset- prg%mh DukeNUS
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Al Ethics: Bias begets Bias (algorithmically!)

U.S. Private Sector Executives, by Gender and
Race/Ethnicity, 2014

r02%

0.2% 04%

13% .
0.1%

B Women of two or more races
B Ven of two or more races
B Hawaiian women
B Hawaiian men
American Indian women
B American Indian men
. Asian American women
B Asian American men
Hispanic women
B Hispanic men
Black women
Black men
. White women
. White men

Percentage of private  Percentage of private “Barriers and Bias:
sector workforce sector sen'l_or—level . .
executives The Status of Women%eadershl

Source: U.5. Equal Employment Opportunity Commission. (n.d.). 2014 job patterns for minorities and women in
private industry.
Mate: Figures do not add up to 100 percent due to rounding.
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Automated Propagation

R

FAMILY MEDICINE




Al Security: It’s not as smart as you’d think!

Camouflage graffiti and art stickers cause a
neural network to misclassify stop signs as

speed limit 45 signs or yield signs “Robust Physical-World Attacks on D%ﬁgﬁrﬁmwus
MOdeIS” Evtimov et al (2017) ACADEMIC MEDICAL CENTRE
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Al Security: It’s not as smart as you’d think!

Original image

Dermatoscopic image of a benign
melanocytic nevus, along with the
diagnostic probability computed
by a deep neural network.

I | Benign
| Malignant

Model confidence

Diagnosis: Benign

The patient has a history of
back pain and chronic alcohol
abuse and more recently has
been seen in several...

Opioid abuse risk: High

2777 Metabolic syndrome
4299 Heart disease, unspecified
278.00 Obesity, unspecified

Reimbursement: Denied

Adversarial example

Adversarial noise

Perturbation computed Combined image of nevus and

by a common adversarial attack perturbation and the
attack technique. diagnostic probabilities from
See (7) for details. the same deep neural network.
| Benign
Malignant
/—\‘ Model confidence
Adversarial
rotation (8)
Diagnosis: Malignant
Adversarial The patient has a history of
text substitution (9) lumbago and chronic alcohol
L dependence and more recently
has been seen in several...
Opioid abuse risk: Low
401.0 Benign essential hypertension
Adversarial 272.0 Hypercholesterolemia
coding (13) 272.2 Hyperglyceridemia

- 4299 Heart disease, unspecified
278.00 Obesity, unspecified

Reimbursement: Approved

Adversarial attacks on medical

machine learning

BY SAMUEL G. FINLAYSON, JOHN D.
BOWERS, JOICHI ITO, JONATHAN L.
ZITTRAIN, ANDREW L. BEAM, ISAAC S.
KOHANE

SCIENCE22 MAR 2019 : 1287-128
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JARVIS, , Team

Collaboration %@ NUS %@ NU§ / k“l“
between: SingHealth pukeNUS

of Singapore of Singapore
Institute of Data Science  School of Computing Medical School

Wynne Hsu  See-Kiong Mong Li Chee Yong Hock Hai

(Main P|) Ng Lee Chan Teo
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.E Marcus Ngiap Tien-Yin Amanda Lam Khung Lian Leng
(7)) Ong Chuan Tan Wong Keong Yeo Low
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