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Today – The Age of Acceleration

�
�


��
�
 �������

�����	����
 �������

����������
�����

��������

���������������
����������

© Jiajie Zhang 2018



Information

Yahoo

Google

Baidu

Wikipedia

Digital Pub

Communication

Email

Facebook

Twitter

iMessage

Skype

WeChat

Retail

Amazon

Alibaba

eBay

JD.com

Entertainment

iTunes

NetFlix

YouTube

Spotify

Travel

Expedia

AirBnB

Uber

Finance

PayPal

ApplePay

AliPay

WeChat Pay

Banking

Credit

Investment

Education

MOOC

edX

Coursera

Hybrid

Modular

Industries Disrupted by IT - Increasing Complexity

The biggest companies in 
these industries are all IT 
companies today.

Today - The Age of Disruption
“The past 20 or 30 years, and the next 20 or 30 years—

really is historically unique. It is arguably the largest 
economic disruption in recorded human history.”  

(Ben Sasse, US Senator, WSJ, April 21, 2017) 

Healthcare

EPIC/Cerner

Optum

IBM Watson

23andme

VisualDx
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Big Health Data

• Clinical
• Genomic & biological
• Environmental
• Behavioral
• Social & Economic

Computing

• Parallel Computing
• Cloud
• Edge Computing
• Machine Learning & AI

Mobile 
Internet

• Smart phones
• Sensors
• Internet of things
• 5G Connectivity 

Healthcare 

Three Drivers for the AI Revolution
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The Many “Revolutions” 
of Artificial Intelligence

1997
IBM Deep Blue

2011
IBM Watson

1956
Dartmouth

1969
MIT

1986
UCSD

Backpropagation
2012 

ImageNet

2017
Google AlphaGo
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Autonomous Vehicle

(NVidia CES 2018 Demo)

• 1.25 million lives could be saved per year
• 157 hours commute time per person per year
• $150 B fuel cost saving in US in one year



https://www.youtube.com/watch?v=68F-UUU_Ff4

https://www.youtube.com/watch?v=68F-UUU_Ff4


Impact of AI on Global GDP (PwC)



Impact of AI on Healthcare (McKinsey)



• Imaging
• Natural Language Processing (NLP)
• Computational Phenotyping
• Prediction
• Computational Biomarker
• Population Health
• Precision Medicine
• Medical Education
• Physician Robot Companion

Examples of Disruptive Technology in Healthcare



AI to medicine today is like 
microscope to life sciences in 1600s:

REEXAMINE AND REDISCOVER 
EVERYTHING ANEW



Imaging



Natural Language Processing 
- Comparative Effectiveness Research

Vanderbilt Mayo Clinic

Hua Xu  et al. (2015). Validating drug repurposing signals using electronic health records: a case study of metformin 
associated with reduced cancer mortality. Journal of American Medical Informatics Association, 22 (1), 179–191 

metformin
metformin



Computational Phenotyping from EHR Data

31,816 Patients x 169 Diagnoses x 471 Medications



(Jensen et al., 2014, Nature Communications)

Prediction 1: Temporal Disease Trajectories 
(6.2 million patients in Denmark)



Prediction 2: Risk Calculators from EHR Data

Unhealthy Person Healthy Person



13.9

Prediction 3: Sepsis

2017

13.0

10.3

8.40

6.31

Machine Learning

Mortality

21.3% 

8.96%

Ongoing Project at 
UTHealth

(Jiang, Dai, Murphy, 
Patel, Zhang, et al.)

New Machine Learning 
Algorithms for 

4 Hour Prediction
of Severe Sepsis:

Performance (AUC)

• Status Quo: 0.85

• Ongoing: 0.92

UCSF Severe Sepsis Detector

Retrospective
Detection (AUC) 
MLA:      0.95
SIRS:       0.68
MEWS:   0.52
SOFA:     0.76
qSOFA:   0.52



Ingestible Sensors (Proteus Digital)Sleep Pattern Monitor

Vital Sign Tracker

Fertility Thermometer

Contact Lens for Glucose 

Bio Stamp for Vital Signs

Apple Watch

Computational Biomarker: Sensors



Computational Biomarker: AF Detection



Computational Biomarker: Typing for Parkinson's

Parkinson’s Disease Typing 
Phenotype

Typing data

Giancardo et al., Psychomotor Impairment 
Detection via Finger Interactions with a 
Computer Keyboard During Natural Typing.
Nature Scientific Reports, 2015.



Heart Rate Variability, 
Deep Learning, and 
Disease Prediction 

• Diabetes: 0.85 AUC
• Sleep apnea: 0.80 AUC
• Hypertension: 0.80 AUC
• High cholesterol: 0.67 AUC

23

Ballinger B, et al. DeepHeart: Semi-
supervised sequence learning for 
cardiovascular risk prediction. Presented at: 
AAAI Conference on Artificial Intelligence; 
Feb. 2-7, 2018; New Orleans.

Computational Biomarker: HRV



Interactive Graphs

Population Health
- Chronic Disease Registry at UT Physicians

Hwang, Bernstam, Johnson at UTHealth



Precision Medicine 
- Cancer Clinical Trials Matching System

• UT MD Anderson and UTHealth
• Dr. Funda Meric-Bernstam and Dr. Elmer Bernstam

• Using patient’s genetic and clinical information to select the 
most appropriate clinical trials

25

Personalized
Decision

Patients Clinical Trials



Test Result
• Total Points: 600
• Passing Points: 360
• Robot: 456
• Top 5% among human 

takers

What is in the “Brain”
• Dozens of medical 

textbooks
• 2 million medical 

records
• 400,000 literature

Medical Education





(Graph is from William Stead)

• Knowledge and 
Process in 
Technology

• Increasing 
exponentially

• Informatics, Data 
Science, and AI

• Knowledge and 
Process in Brain

• Unchanged
• Cognitive Science

Conclusion
- Human Technology Integration



Thank you!

At UTHealth School of Biomedical Informatics, 

We Are


