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I Ethics
I Security
I Trust

A |s aframeworkrequired?
I Social contract
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INTERVENTION INTERVENTION

Reduction
in BP

Reduction in SBP % Reduction in Mortality
mmHg Stroke CHD Total

2 6 4 =3

3 -8 5 4

5 14 9 -7

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 8.

Public Health Needs for Digital Innovation: |

CITIZENLED PREVENTION
& EARLY INTERVENTION



Approaches to Healthcare

A Clinicalmodel:
I Rescue the ill
I Resource illness
| Specialise to optimise

A Public Healtmodel:
I Rescue the atisk
I Resource disease/risk
I Generalise to optimise

Proactive



Healthcare Digital Innovation is Mostly Clinical

A Specialisdriven
A Excellent in niches
A Incremental
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A life-course view of personal health

Instability
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Hip fracture

_____

Amount of Potentially Healthy Years

Personal cost: N+
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State-led: Citizenled:
Health Promotion Health & Wellbeing
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Rewire the brain to resist ovemalnutrition?
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Depositing Fat

(ketone /other) molecues on skin
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Active Polymers in wristband
+/ - other signals & data

Frequent Choices




Care costs escalate without prevention

Citizen > State State > Citizen

Public Health ) Clinical Care

Prevention _ ‘ Social Care
Wellbeing Science

Life-course view Sickness view

(barely visible investment) (fire-fighting investments)
Life of a person Life of a parliament



Patient
& Community
Values

Research
Evidence

Healthcare
Information

Public Health Needs for Digital Innovation: I

DYNAMIC LINKAGE OF RESEARCH IN
PRACTICE AND PRACTICE INTO RESE



Healthcare ProblemGapsin
Communication & Organisation

Self Care Clinical Care

Primary Care Secondary Care

Hospital A Hospital B



Digital Bridges Since 1990s:
Integrated Card’athways (Diseasspecific)

Self Care Clinical Care
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Primary Care Secondary Care
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Missing Patient & Community
BigpictureQ | M&Eased Specialist Pathways

Person:
Wl Experiencing n of 1 trials

Clinical Care

Self Care

Primary Care Secondary Care

Nephrology:
Chronic kidney diseas

Hospital A
CdzidzNB | SIf K WY @

Hospital B

Fuse research evidence about the average person
with a longitudinal model of the person represented




Health Records HealthAvatars
& Dynamic Models

& Knowledge Bases
Open Unifying Modelling:
Across mechanisms and contexts
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e.g. Chronic obstructive e.g. Lung cancer _
pulmonary disease Multi-scale &
Multi-system

Unified Graphlcal Model Health:

| AResearch
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Model refinement

Data Data Data




Transdisciplinary Analysis of
ClinicalResearch Data

Machine Learning in Epidemiology...



Introducing Health Sciences Signal Paths
Physical Scientists & Engineers

Problem Space Observation Space Data Space

y =blx1l + b2x2 + b3x3 + ¢

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



Hypothesisdriven Epidemiology:
Sieving Associations

Explanation

Causeeffect Real Causeeffect
MIA C Reverse Real Effectcause
G ?A Mi Confounding Real Effecteffect
C </> Ml Random error Spurious Chance
C </> Ml Systematic error Spurious Bias

C = caffeine, MI = myocardial infarction (heart attack)

Disciplined approach to causal inference, Bradidii
Criteria (temporality, strength, dosesponse,
consistency, plausibility, consideration of alternatives,
open to experiment, specificity, coherence)




Need to Address Complexity & Scale

Problem 1: Problem 2:
Dwindling hits from tools to Knowl edge canodt ¢k
detect independent 0 c abvyrealiaggapers any more

The big public health problems The ndndaettad and st
e.g. Type 2 Diabetes extend beyond
have Ancomplex webs of wcResestswdyods obser



A Graphical Model of Asthma
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The Atopy Model

Unsupervised Clustering
/

Sensitization
Class

Asthma8

Switch between
| Sens Classes

!/ Allergens = {mite, cat, dog, pollen, egg, milk, mold, peanut}

r=omos . —
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Atopy Classes and Asthma

60 - Multiple Early Sensitisations

SO odds ratio (OR) [95% CIJ: 30.5 [22513]
c.f. Ever atopic group:

40 -
% with asthma
(symptomatic 3q -
on challenge)
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No atopy "Atopy 4" "Atopy 3" "Atopy 2" "Atopy 1"



TransdisciplinarySimulationof
Public Health Impacts

Digital Asset#, Policy Decisions
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OUTPUTS

Outputs: Population

-based incidence, prevalence; Deaths prevented; Life

-Years; Life expectancy; Costs; Cost

- effectiveness ratios




