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The US Health Ecosystem

• protracted and varied diffusion of new technologies 
into clinical practice                      

• wide variation in clinical practice 
• poor coordination and continuity of care across the 

health/health care system
• large disparities in access to care
• inefficient integration and analysis of data to drive 

evidence-based/best practice protocols

























technology convergence escalating chronic disease burden

precision health

• defining disease at the 
molecular level 

• disease subtyping and 
optimum treatment 
selection 

• identify predisposition 
risks

digital health 

• telemedicine 
• remote health 

monitoring
• ML/AI for large data 

analytics 
• clinical decision 

support tools
• empowered patients
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The Strategic Landscape for Biomedical Research and Health Services



The Evolving Systemic Landscape in Health
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The Path to Precision Health:
From Superstitions to Symptoms to (Molecular) Signatures

humors; astrology, shamanism, 
sin and divine fate

biochemistry and organ-based 
pathophysiology

molecular biology and   
multi-omics profiling











Expanding the “Care Space” in Healthcare

Healthcare Beyond The Clinic

Remote Health Status Monitoring

Smartphones, Wearables, Devices
and Digital Services

M4: Making Medicine More Mobile

AORTA: Always On, Real Time Access 





https://www.amazon.com/Samsung-Gear-Smartwatch-Verizon-Wireless/dp/B00PTC036U










Digital Technologies and Aging in Place:
Independent But Monitored Living for Aging Populations

Rx adherence cognitive
stimulation

Rx adherence

in-home support and reduced 
readmissions reduced office visits
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Computer Vision, Facial Recognition and New
Digital Psychometrics in the Evaluation of Mental Illness 

• eye movements 
• facial dynamics 
• stimulus response 

reaction and 
interaction speeds

• speech patterns 
(rhythm, tone, volume)

• semantic construction

• 256 lead EEG
• brain imaging functional 

MRI
• altered signal pathways 

ML/AI analysis of individual multiparameter responses matched to large-scale analysis of 
video data banks of patients with clinically validated mental disorders 







Robot–Human Directed Interactions 







The Internet, Social Media and the Road to the Metaverse

¸ who knows why people do what they do?
– the fact is that they do! 

¸ the confessional of social media
¸ these actions can now be traced and measured with 

unprecedented precision 
¸ with sufficient data the numbers reveal increasingly 

predicable behavior and individual risk patterns 
¸ blurring of private and public spaces
¸ blurring of the real and the imaginary 
¸ complex ethical and legal issues

– consent, privacy, security, surveillance 









Welcome to Metaverse World:  

extended reality (XR):
building the virtual 

sensorium  

new virtual 
experiences: 

Tamagotchi babies















Managing Big Data in Biomedicine Will Not Be a 
Simple Extrapolation from Current Practices

Co-Evolution of Professional Competencies With
Advanced Computing and Automated Clinical Decision Systems



Welcome to 
The World of 

Biomedical Research 
and 

Healthcare Information Systems









Technology Acceleration and Convergence:
The Escalating Challenge for Professional Competency, 

Decision-Support and Future Medical Education

Data Deluge Cognitive Bandwidth Limits

Automated Analytics and Decision Support Facile Formats for Actionable Decisions



https://www.bmj.com/content/bmj/suppl/2015/07/17/bmj.h3044.DC1/adult_cancer_NICE_graphic_v3.1.pdf

https://www.bmj.com/content/bmj/suppl/2015/07/17/bmj.h3044.DC1/adult_cancer_NICE_graphic_v3.1.pdf










https://mattturck.com/data2021/

Machine Learning (ML) and Artificial Intelligence (AI):
Massive Infusion of Private-Sector Funding and Entrepreneurial Activities



Machine Intelligence and Algorithms for 
Clinical Diagnosis and Treatment Decisions

Just What the Data Ordered

Black Box Medicine?



The ML Adoption of AI Platforms in Clinical Medicine

¸ from current applications in image analysis to 
comprehensive assembly and interpretation of 
multifactorial “deep phenotyping” data to build 
‘signatures’ of individual health status and risk





Building Personalized ‘Digital Twins’: 
Matching Individual Deep Phenotypes to ‘Best Fit’ Cohorts

Individual Data Population Databanks 

• ‘digital twins and siblings’ and imputed phenotypes 
• risk predisposition and disease prevention 
• selection of optimum treatment regimen for overt disease
• improved outcomes and QOL 







ChatGPT Generative AI Passed All Three Parts of the US Medical Licensing 
Examination (Dec. 2022) Without Prior Training on Medical Dataset

Axios



Machine Learning (ML), 
Artificial Intelligence (AI) and Healthcare

¸ which clinical specialties/processes will be at risk of 
replacement by ML-AI and when?

¸ how will professional competencies in using ML-AI 
decision-support tools be developed and sustained?

– MD curriculum, CME

– non-medical data science professionals 

¸ how will ML-AI platforms alter payment schemes ? 

¸ what new malpractice liabilities will emerge by failure 
to use/interpret ML-AI platforms? 



“The greatest danger in times of turbulence,
is not the turbulence,
it is to act with yesterday’s logic.”

- Peter Drucker

Unidimensional “Quick Fixes”







“Digital Darwinism”:
A Looming Digital Divide

¸ understanding data structure and its productive 
application/customization for improved decisions 
and clinical outcomes will become a critical 
institutional competency

¸ major skill gaps and personnel shortages in 
biomedicine 

¸ training of a new cadre of data scientists 
(medical and non-medical) 

¸ institutions lacking adequate computational 
infrastructure and critical mass in data analytics 
will suffer ‘cognitive starvation’ and relegation to 
competitive irrelevance 





New Patterns of Learning 





ǒ aging demographics and the 
chronic disease burden cost 
access, availability and 
affordability 

ǒ mental health

ǒ SUD and lack of border security

ǒ cybersecurity and data protection  

ǒ preparedness for highly disruptive 
biosecurity events (pandemics) or 
other major disasters

ǒ novel threats from dual-use 
technologies and complex ethical 
and legal issues 

Asleep at the Wheel: Ignoring Healthcare Challenges of 
Increasing Complexity and Urgency



https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53
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