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5ƛƎƛǘŀƭ /ǳǊŀǘƛƻƴ ŦƻǊ ǘƘŜ tǳōƭƛŎΩǎ IŜŀƭǘƘ 

Å²ƘŜǊŜ ŘƻŜǎ ǘƘŜ ǇǳōƭƛŎΩǎ health need digital innovation? 

 

ÅHow can research curators promote this innovation? 
ïEthics 

ïSecurity 

ïTrust 

 

ÅIs a framework required? 
ïSocial contract 

ïDigital & operational infrastructure: e-Lab 

 

 



CITIZEN-LED PREVENTION 
& EARLY INTERVENTION 

Public Health Needs for Digital Innovation: I 

Source: Whelton  PK, et al. Primary prevention of hypertension: Clinical and public health advisory 
from The National High Blood Pressure Education Program. JAMA 2002;288:1882 ï8.  



Approaches to Healthcare 

ÅClinical model: 
ïRescue the ill 

ïResource ́  illness 

ïSpecialise to optimise 

 

ÅPublic Health model: 
ïRescue the at-risk 

ïResource ́  disease/risk 

ïGeneralise to optimise 

Reactive 

Proactive 



Healthcare Digital Innovation is Mostly Clinical 

Å Specialist-driven 
Å Excellent in niches 
Å Incremental 

ΧǿƘƛƭŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǘŜŎƘƴƻƭƻƎƛŜǎ may be 
left to perverse market-forces. 

 



A life-course view of personal health 
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Lifecourse  

Personal cost:  
healthy years of life lost  

 
Societal cost:  

large proportion of healthcare  
 resource used  

Hip fracture  
Instability  

+ 
structured  
exercise 
programme  



State-led: 
Health Promotion 

Citizen-led: 
Health & Wellbeing 

Know Act 

Interact Feel 

Persuasive Technology 

Social Networks Social Marketing 



Re-wire the brain to resist over-malnutrition? 

Burning Fat 

Depositing Fat 

(ketone /other) molecues  on skin  

Active Polymers in wristband  
+/ -  other signals & data  

Frequent Choices  



Care costs escalate without prevention 

Public Health 
Prevention 
Wellbeing 

Clinical Care 
Social Care 

Science 

Life-course view 
(barely visible investment) 

Life of a person 

Sickness view 
(fire-fighting investments) 

Life of a parliament 

State > Citizen 

Unified Modelling 
Digital Coherence 

Citizen > State 



DYNAMIC LINKAGE OF RESEARCH INTO 
PRACTICE AND PRACTICE INTO RESEARCH 

Public Health Needs for Digital Innovation: II 

Research 
Evidence 

Patient 
& Community 
Values 

Healthcare 
Information 

Optimal 
Decision 



Primary Care Secondary Care 

Healthcare Problem: Gaps in 
Communication & Organisation 

Self Care Clinical Care 

Hospital A Hospital B 



Primary Care Secondary Care 

Digital Bridges Since 1990s: 
Integrated Care Pathways (Disease-specific) 

Self Care Clinical Care 

Hospital A Hospital B 



Primary Care Secondary Care 

Missing: Patient & Community 
ΨBig-pictureΩ !ŎǊƻǎǎ Disease / Specialist Pathways 

Self Care Clinical Care 

Hospital A Hospital B 

Ç = Avatar 

Diabetology: 
Glucose control 

Ophthalmology: 
Diabetic eye care 

Nephrology: 
Chronic kidney disease 

Person: 
Experiencing n of 1 trials 

CǳǘǳǊŜ IŜŀƭǘƘ Ψ!ǾŀǘŀǊΩΥ 
Fuse research evidence about the average person 

with a longitudinal model of the person represented 



Large scale inference 

Unified Graphical Model 

Electronic 
Health Records 

(eHR) 

Data 

Expertise Expertise Expertise 
Multi-scale & 

Multi-system 

Health: 

ÅResearch 

ÅPolicy 

ÅCare 

Model refinement  
Data Data 

Health Records 
& Knowledge Bases 

Data-intensive Paradigm -shift 
Health Avatars 

& Dynamic Models 

Ç models = Avatar 

Open Unifying Modelling: 
Across mechanisms and contexts 

e.g. Lung cancer  e.g. Chronic obstructive  
pulmonary disease  



Trans-disciplinary Analysis of 
Clinical Research Data 

Machine Learning in Epidemiology... 



Introducing Health Sciences Signal Paths to 
Physical Scientists & Engineers 

Problem Space Observation Space Data Space 

...like resolving an image through a prism through a doyley 

y = b1x1 + b2x2 + b3x3 + c 



Hypothesis-driven Epidemiology: 
Sieving Associations 

Association Bias Type Explanation 

CĄM Cause-effect Real Cause-effect 

MIĄC Reverse Real Effect-cause 

Că?ĄMI Confounding Real Effect-effect 

C </> MI Random error Spurious Chance 

C </> MI Systematic error Spurious Bias 

C = caffeine, MI = myocardial infarction (heart attack) 
 
Disciplined approach to causal inference, Bradford-Hill: 
Criteria (temporality, strength, dose-response, 
consistency, plausibility, consideration of alternatives, 
open to experiment, specificity, coherence) 



Need to Address Complexity & Scale 

The big public health problems  
e.g. Type 2 Diabetes  
have ñcomplex webs of causesò 

Problem 1:  
Dwindling hits from tools to  
detect independent ñcausesò 

Problem 2:  
Knowledge canôt be managed 
by reading papers any more  

The ñdata-setò and structure 
extend beyond  
the studyôs observations 



A Graphical Model of Asthma 
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To Infer 

Unsupervised Clustering 

The Atopy Model 
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Atopy Classes and Asthma 
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Multiple Early Sensitisations 
 

odds ratio (OR) [95% CI]: 30.5 [12.4-75.3] 
c.f. Ever atopic group:  



Trans-disciplinary Simulation of 
Public Health Impacts 

Digital Assets Ą Policy Decisions... 
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Pulling evidence together into one, realistically-complex model: e.g. MRC IMPACT II


