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Agenda

BMJ Clinical Intelligence: the role of computable evidence in improving population health

● Evolution of knowledge representation for population health, clinical decision support and digital 

quality measures.

○ Breakout discussion

● Expressing computable evidence using a knowledge graph - an introduction to BMJ Clinical 

Intelligence

○ Breakout discussion

● Application of knowledge graph to bring digital quality measures into clinical workflow

○ Breakout discussion

● Conclusion and Q&A



Learning objectives

❏ Understand computable 

knowledge use for population 

health and digital quality 

measures.

❏ Understand the full spectrum of 

computable knowledge, its 

creation, and its use cases.

❏ Understand the challenges in 

applying computable knowledge 

in practice.



What are the Big Ideas? 

The practice of medicine is evolving in fundamental ways

● Gather clinical data once as a by-product of the clinical encounter (reduce physician burden), and all 

related community/public health data, social determinants of health

● Reuse all data for all purposes: Treatment, payment and operations (TPO), quality reporting, clinical 

decision support, operations improvement, public health, research/discovery (digital twins)

● Patient at the center – P4 Medicine (preventative, predictive, personalized, and participatory), 

collaborative and coordinated care across the continuum of care

● Engage the patient as a care collaborator – data acquisition, support self-care, shared-decision 

making

● Employ cognitive aides to augment clinical reasoning - by patient and by provider

● Create computable knowledge artifacts for all of the above – make them readily shareable and 

usable

Do all of this at scale – standardize, streamline, and simplify



American Plan: ARRA/HITECH
Feb 07, 2009



Toward Digital Health 



The Central Problem

Why is it so hard to transform care with even the best health IT?

Lack of shareable computable knowledge – digital quality 
measures, clinical decision support, ePathways

Simply put: the chasm which exists between published knowledge and 

clinical experience, and implemented knowledge in health IT, is too wide 

for the average clinician or healthcare delivery organization to manage.

This must be achieved at scale for all to benefit - standardize, 

streamline, and simplify



The Evolution of Analytics & Data

● Invest in computable 

knowledge 



Knowledge translation and specification

Elkin P, et al. MD Computing 17(6):39-44, 2000



Computable Clinical Practice Guidelines (CPGs), Digital 
Quality Measures, and e-Pathways
The Keystone an Interoperable Learning Health System

Source:  https://build.fhir.org/ig/HL7/cqf-recommendations/



BMJ Clinical Intelligence Knowledge Graph for Population 
Health, digital QMs, and e-Pathways

POPULATION HEALTH

CLINICAL E-PATHWAYS 

Common Core 

Components:

● Common 

Interoperability 

Standards (FHIR)

● Common Data 

Model 

● Common 

Measure Logic 

(CQL) 

● Common 

Terminology 

Standards 

(SNOMED, 

RxNORM, 

LOINC, ICD 

(USCDI))

Do all of this at scale – standardize, streamline, and simplify

DIGITAL QUALITY 

MEASURES



Discussion: introduce yourself to the 
person beside you. Have a 5 min 
discussion on:

● How are you developing (digital) quality 

measures?  

● What barriers do you face? 

● Difficulty accessing data? 

● Who is doing it? 



Challenges in improving quality in healthcare where 
computable evidence can help

1. Data collection and monitoring systems

● “It’s worth investing heavily in data from the outset” 

● Gather clinical data once  

2. Convince people that there’s a problem and the solution will work

● “Use hard data” 

● Where is care falling short of evidence based practice?

3. Avoid unintended consequences

●   Ensure the focus on the specific quality measure remains patient centric 

4. Securing sustainability  

● From a one-off project to employing cognitive aids directly in the clinical workflow

Source:  Dixon-Woods M, McNicol S, Martin G, BMJ 

Quality & Safety 2012;21:876-884.



What is a knowledge graph?

● Named by Google in 2012

● Knowledge model in the form of 

interlinked concepts, entities and 

relationships

● Put data in context using linking 

and semantic tags to become 

structured data

● The meaning of the data is 

encoded for programmatic use 

in an ontology which describes 

the types of entities and their 

characteristics



What is BMJ Clinical Intelligence?

● Computable evidence in the form of a knowledge graph

● Rigorous editorial methodology to ensure continuously updated, top quality, 

evidence-based content

● Used by BMJ for our own products and our customers

○ Integrated into clinical systems and workflows

○ Underpin end-user clinical products

○ Evidence view alongside real-world data (eg: patient records, claims 

data)



Monitoring instructions

Investigations

Treatment options

Stratified treatment 

strategies (patient groups)
Diagnostic factors

Investigation results

Screening

Diagnostic criteria

Stratified treatment strategies (patient groups)

Primary prevention

Secondary prevention

Preventative treatment options

Risk factors

Linked risk calculations

Complications

Continuous update based 

on latest evidence

Act

Triage

360 degrees of 

clinical decision 

support

Improve

Predict

Prevent

Detect

Monitor



Robust evidence-based methodology to knowledge creation 

1. Surveillance

Current awareness Peer review

Drug surveillance Literature review

FEEDBACK

2. Appraisal

Contributor Section editor Drug editor

Decision

Patient safety 
update

Practice 

changing update

Practice 

confirming update

Over 1000 topic 

updates per year

60+ US guideline 

producers

600+ US guidelines 

assessed in 2023

3. Update

Editor Contributor

Tech editor Drug editor
Bespoke content 

management system

4. QA, approval, publication

Preview publication

Lead editor Sector editor Drug editor

Live publication

Feedback button on 

every page of our end 

user products

700k global user base

Customer applications



Semi structured 
recommendations

Getting evidence into analysis and decision support

Guidelines

Tagging, coding, 

explicit structure

Computable 

recommendations:

Knowledge Graph

Population Health/ 
Point of Care ApplicationsBMJ Clinical Intelligence



Use cases - where and when we can help

Where knowledge graphs help

Directing care where it is most needed - patient risk 

stratification 

● Support step up/ step down care, care 

at home, remote monitoring

Intelligent chart summarization

● Simplify and streamline condition specific chart 

summary for the clinician

Reduce unwarranted variation in investigation, 

treatment, and monitoring

● Support next best clinical action to improve outcomes

● Reduce low value tests and procedures

Diagnostic error and diagnostic delay

When knowledge graphs help

Population health analytics 
• Pivoting to value based care - optimise care for a 

population

• Support allocation of care resources to most in need 

of care

At the point of care for individuals
• Evidence derived data to suggest next best actions to 

the clinician

      Supporting healthcare professionals in prior auth

● Stratify populations into positives, greys and 
negatives for clinical review.

AI deployment
• Evidence derived data for training, testing and 

monitoring AI models

• Heuristically supervised learning



Discussion: Introduce yourself to the person to 
your other side, or carry on discussing with the same 
person as before. Have a 5 min discussion on:

● What knowledge resources are you using today 

for digital measures? 

● Are they rules based? 

● Using you using Generative AI (eg: ChatGPT)? 



Towards Technical Implementation of Dynamic Quality 
Improvement

● Data Collection and Monitoring - gather clinical data once

○ Maturing clinically focused standards for healthcare data and apps

● Convince people there is a problem and the solution will work

○ Use data and evidence based computable knowledge resources

● Avoid unintended consequences

○ Patient at the centre

○ Engage the patient

● Securing sustainability

○ Employ cognitive aids directly in the clinical workflow



bmj.com

Data Collection and Monitoring - 
Gather clinical data once

The maturing Health IT landscape

Challenge 1



SNOMED-CT – 25 year maturity

HL7 FHIR data - 10 years 

Supporting Census and 

Epidemiology

ICD – 100 to 150 year history

Supporting 

Direct Care

Data Foundation

HL7 Fast Healthcare Interoperability Resources

1866 

source of 

cholera 

outbreak

Excel



SMART on FHIR app store model 5 years

FHIR Structured Data Capture 

Supporting Patient 

Administration
Supporting the 

clinician

Point of Care Applications

Electronic Patient Record 30 year maturity

Example from Boston Children’s Hospital Cardiac Risk Score App



Standards Based Data Capture HL7 FHIR Structured Data Capture

● Data collection specified using the 

same FHIR building blocks

● Can prepopulate from patient’s 

record

● Can go back into the patient’s 

record

 

● The BMJ Computable Intelligence 

Knowledge Graph can help by 

providing the list of what is relevant 

 

Sample form built with tools courtesy of National Library Of Medicine: https://lhcformbuilder.nlm.nih.gov/



bmj.com

Convince people there is a problem and 
the solution will work

Use data and evidence based computable knowledge 
resources - how Clinical Intelligence will help

Challenge 2



Semi structured 
recommendations

Getting evidence into analysis and decision support

Guidelines

Tagging, coding, 

explicit structure

Computable 

recommendations:

Knowledge Graph

Population Health/ 
Point of Care ApplicationsBMJ Clinical Intelligence



Knowledge Graph Architecture





Risk factor

Diagnostic factor

Complication

Investigation

Diagnostic Criteria

Treatment action

Monitoring action

Prognosis

Differential

Strong

Other

Key

Other

Common

Uncommon

Initial

Subsequent

Screening action

Prevention action

Initial

Acute

Ongoing

Inpatient

Outpatient

1st Line

Plus

Consider

Primary

AND/OR

Criteria

Knowledge Graph Architecture

Primary

Secondary

Short term

Long term

Variable

High risk

Medium risk

Low risk

Disease

11705

7555

9339

11330

9062

905

5695





How can we scale population health analysis to take advantage of shared knowledge?

The clinical analyst: 

1. Chooses the clinical topic area or areas.

2. Defines the cohort to focus on across clinical, demographic and social features. The knowledge 

graph is used to support the analyst to cover those features most relevant to the clinical conditions.

3. Defines clinical metrics in terms of the take up of recommended interventions.

Enables analyst to:

● Identifies individuals that need intervention.

● Identifies process improvements if recommended interventions have been delayed, and monitors 

for improving trend in metrics.

Three step self-serve population analytics approach

4

1



35Demonstration of Knowledge Graph Application - Not a deployed product
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Pulled from a knowledge 

graph query
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COPD

Adult

standardized 

symptoms 

score

Higher 

symptom 

burden

CAT>10

Lower 

symptom 

burden

CAT<10

Range:

operator < 

Value 10

Range:

operator >= 

Value 10

result

result

indicated 

population
range

range

Driven from knowledge 

graph
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COPD

Adult

standardized 

symptoms 

score

Higher 

symptom 

burden

CAT>10

Lower 

symptom 

burden

CAT<10

Range:

operator < 

Value 10

Range:

operator >= 

Value 10

result

result

indicated 

population
range

range

Global Initiative for Chronic Obstructive Lung Disease 

(GOLD). Global strategy for the diagnosis, management, and 

prevention of chronic obstructive pulmonary disease: 2023 

report [https://goldcopd.org/2023-gold-report-2/]

evidence



39

Pulled from a knowledge 

graph query



40

4
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Avoid unintended consequences

Patient at the centre - how Clinical Intelligence will help

Challenge 3



42

5

Pulled from a 

knowledge graph 

query





bmj.com

Securing sustainability

Employ cognitive aids directly in the clinical workflow - 
how Clinical Intelligence will help

Challenge 4



Sustainable patient centred cycle

Risk factor

Diagnostic criteria

Complication

Recommendation

New diagnosis, risk 

or disease 

stratification 
Patient population

Phenotype including: 

Existing conditions 

Demographics

Treatment Hx

Investigation Results 

Genotype

Environment

Decision support and 

analytics

Drives

Drives

Directly drivesImplies

Patient

Investigations, 

monitoring, 

treatment, or lifestyle 

interventions 

Patient data

Evidence
base

Knowledge Graph



Discussion:  Introduce yourself to the 
person in front or behind you, or carry 
on discussing with the same person as 
before. Have a 5 min discussion on: 

● How are you closing care gaps with digital 

health to create a Learning Health System?

● How might you use BMJ Clinical 

Intelligence in your organisation?



Revisiting the Big Ideas 

The practice of medicine is evolving in fundamental ways

● Gather clinical data once as a by-product of the clinical encounter (reduce physician burden), and all 

related community/public health data, social determinants of health

● Reuse all data for all purposes: Treatment, payment and operations (TPO), quality reporting, clinical 

decision support, operations improvement, public health, research/discovery (digital twins)

● Patient at the center – P4 Medicine (preventative, predictive, personalized, and participatory), 

collaborative and coordinated care across the continuum of care

● Engage the patient as a care collaborator – data acquisition, support self-care, shared-decision 

making

● Employ cognitive aides to augment clinical reasoning - by patient and by provider

● Create computable knowledge artifacts for all of the above – make them readily shareable and 

usable

Do all of this at scale – standardize, streamline, and simplify



Download BMJ Clinical Intelligence white paper

The BMJ Clinical Intelligence 

knowledge graph: how its 

functionality and structure 

support healthcare delivery



Copyright © 2024 BMJ Publishing Group Ltd

Thank you
Dr Blackford Middleton:  bmiddleton1@gmail.com

Yvonne Ridge:  yridge@bmj.com

Dr Chris Wroe:  cwroe@bmj.com

Visit us at the BMJ booth to find out more
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