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Abstract

Learning health systems (LHS) use digital health and care data to improve care,

shorten the timeframe of improvement projects, and ensure these are based on real-

world data. In the United Kingdom, policymakers are depending on digital innovation,

driven by better use of data about current health service performance, to enable ser-

vice transformation and a more sustainable health system.

This paper examines what would be needed to develop LHS in the United Kingdom,

considering national policy implications and actions, which local organisations and

health systems could take.

The paper draws on a seminar attended by academics, policymakers, and practi-

tioners, a brief literature review, and feedback from policy experts and National

Health Service (NHS) stakeholders.

Although there are examples of some aspects of LHS in the UK NHS, it is hard to find

examples where there is a continuous cycle of improvement driven by information

and where analysis of data and implementing improvements is part of usual ways of

working.

The seminar and literature identified a number of barriers. Incentives and capacity to

develop LHS are limited, and requires a shift in analytic capacity from regulation and

performance, to quality improvement and transformation. The balance in priority

given to research compared with implementation also needs to change.

Policy initiatives are underway which address some barriers, including building ana-

lytical capacity, developing infrastructure, and data standards. The NHS and

research partners are investing in infrastructure which could support LHS, although

clinical buy in is needed to bring about improvement or address operational

challenges.

We identify a number of opportunities for local NHS organisations and systems

to make better use of health data, and for ways that national policy could pro-

mote the collaboration and greater use of analytics which underpin the LHS

concept.
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1 | INTRODUCTION

The UK National Health Service (NHS) has developed a long-term

plan,1 which places digital developments at the heart of steps to

improve health and care and deliver services in a sustainable way. The

plan recognises that a huge—but currently underdeveloped—benefit

of digitising the delivery of care is using the accumulated data about

care activities, resources, and outcomes to improve services. Experi-

ence from health care and beyond suggests that in order to realise the

benefit of adopting new technology requires that data should be used

to transform services, rather than simply digitising current ways of

working.

The Learning Health System (LHS) concept,2 in which data and

analytics is part of a continuous cycle with implementation and

improvement, is gaining traction in the United Kingdom as an

approach to bring evidence into practice much more rapidly, in order

to drive improvement.

This paper examines the state of LHS development in the United

Kingdom, the context in which analytics is currently undertaken,

potential barriers to LHS, and actions that could be taken by national

policy makers and by local health systems to accelerate the use of

health data for improving health care.

The paper draws on a seminar on LHS held at the Nuffield Trust,

an independent health policy think tank, and on evidence and experi-

ence from the United Kingdom and internationally.

2 | THE UK NHS: POLICY CONTEXT

The health system in the United Kingdom3 is funded through general

taxation, and is largely free at the point of use. The majority of health

service provision is by services which are managed by the NHS,

although there are some non-NHS providers, particularly for elective

care and some community services. Primary care has a key role in

providing universal health services, supporting long-term conditions,

and managing access to secondary services, and is delivered by

largely independent general practitioners, working under a national

contract.

NHS policy1 is increasingly focused on improving integration of

services across geographic areas, both to improve coordination of

care, and to support population health management. This is

envisaged to enable the NHS to deliver services more effectively

to the growing number of patients with multiple long-term

conditions.

The NHS has had a chequered history of digital development4. A

major national programme to deliver system-wide digitisation during

the 2000's was dismantled in 2011: despite some successes, the pol-

icy failed to deliver its intended vision. A 2016 report by the National

Advisory Group on Health Information Technology in England found

that the programme was overly centralised, lacked clinical buy-in,

overlooked the importance of adaptive change, and had a politically-

driven agenda.5 More recently,6 policy has focused on building capac-

ity and capability for locally tailored solutions, working to national

standards.

2.1 | Learning health systems in the United
Kingdom

The LHS7 concept has developed over the last decade, as clinicians

have identified new opportunities to use electronic health data to

improve services as part of the ongoing delivery of care, rather than

as separate research activity. Briefly, the learning health system cycle

captures current care and outcomes by analysing data from clinical

encounters; combines local knowledge with evidence from elsewhere

to understand quality of care and how it could be improved; and turns

this knowledge into action, which is undertaken by the learning

community.

A key feature of LHS, which differentiates them from research, is

that for each improvement project there is a learning health commu-

nity2 that takes on the responsibility for acting on the learning, not

just creating new evidence. Proponents of LHS have identified key

characteristics of learning health communities, which need to be: all

inclusive, involving both the whole health care team and the patient,

trusted, decentralised, and reciprocal, such that participants creating

data also receive access to that data and the tools to analyse it. The

experience of organisations and health systems that have adopted this

approach is that collaboration8 is an essential ingredient for a learning

community to be effective in improving care.9

From our seminar participants and previous research,10 11 we

identified a number of examples of LHS that have emerged in the

United Kingdom. A strong theme from our seminar was that current

developments in the NHS could enable LHS and that clinical teams,

organisations, and health systems could do much more right now to

extend the use of data for learning and improvement. However, the

LHS examples we found are more focused on the data stage, and less

on translating knowledge into action: it is hard to find examples where

there is a continuous cycle of improvement driven by information,

and where implementing improvements is part of usual ways of

working.
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3 | METHODS

A seminar on LHS was held in January 2019, bringing together NHS

leaders, academics, practitioners, and policymakers to share experi-

ence of LHS in the United Kingdom. The participants discussed what

has been learned from developments in learning health systems to

date, and what the lessons are for policy makers in the United

Kingdom. The aim of the seminar was to develop policy lessons, con-

sidering what could be done at a national level to provide the right

support for LHS locally, as well as what local systems could do to

develop LHS.

There were 20 participants including clinical and informatics aca-

demics, chief clinical information officers, policy makers, data analysts,

and quality improvement specialists. Participants worked in a range of

organisations and settings including central bodies (NHS England and

NHS Digital); acute hospitals, primary care, mental health services,

and organisations working regionally to support the NHS (academic

health science networks and commissioning support units). Partici-

pants were identified in order to represent a broad range of perspec-

tives about LHS and were not funded to attend, except through their

existing professional roles. Ethical approval for the seminar was not

sought, but participants were notified that the findings from the semi-

nar would be recorded and used to develop a report on policy implica-

tions of LHS.

Professor Charles Friedman, University of Michigan, shared

insights from LHS in the United States, and Professor Jeremy Wyatt,

Wessex Institute, discussed the tensions between innovation and evi-

dence in a UK context.

Participants discussed the following questions:

• What are the quality improvement benefits to the NHS from

developing learning systems?

• What skills, resources, and infrastructure would be needed to

enable NHS organisations to be true learning systems?

• What are the implications of this for national policy bodies in

supporting the development of learning systems, and evaluation

and regulatory approaches?

Although challenges relating to interoperability and technical

solutions, as well as consent, privacy and information governance are

clearly very important, given limited time, these were not addressed

at the meeting.

The discussion points from the seminar were grouped into

themes.

In order to put the seminar discussion in context, additional evi-

dence was obtained from a brief literature review on learning health

systems. The aims of the literature review were to: identify whether

there were areas of policy which were not covered by the seminar, to

contextualise the themes identified from the seminar participants and

to provide sources or examples relevant to the themes raised during

the seminar discussion.

For the literature review, a Pub Med search was undertaken for:

papers in English from the last 5 years; including the terms “Learning”

and “Healthcare”/“Health”/“Health Care” and “System(s).” Titles and

abstracts were screened to identify relevant papers: 177 papers were

identified, of which 146 were found to be relevant to LHS policy. The

majority of papers were descriptive: 42 papers described experience

of developing a LHS, 31 presented methods used in LHS, and 30 pro-

vided an overview of the LHS approach. Additional references and

examples were reviewed where these were mentioned by seminar

participants, or from previous digital policy and research undertaken

by the authors. Only references cited in the text are included in the

reference list: a supplementary file containing the results of the litera-

ture search is available.

The research literature identified was reviewed alongside the

themes which emerged from the seminar. The most significant theme

from the research literature, which was not addressed in the seminar,

was ethical issues relating to LHS.

Current UK policy initiatives relevant to LHS were summarised

(Box 1-3), and lessons for policy identified within each theme.

In developing policy lessons, we drew on our analysis of data

from the seminar and evidence from the literature in addition to our

own health policy expertise, for example, on innovation12 and that of

expert reviewers. A draft briefing was reviewed by five of the seminar

participants and a further four reviewers, with expertise similar to that

of the seminar participants. Policy lessons have been grouped into

those which can be addressed by national policy makers, and those

which can be addressed locally by NHS organisations or health sys-

tems. The following can be related: national policymakers can address

issues which create barriers or disincentives locally, and at the same

time, local areas can sometimes take action themselves, within the

constraints of national policy and guidance.

4 | RESULTS

In the remainder of the paper, we examine the barriers for develop-

ment of LHS and opportunities to overcome these. The barriers and

lessons are grouped into the five themes, which emerged from syn-

thesising the outcomes of the seminar and literature review.

4.1 | Theme 1: research versus innovation and
implementation

One cultural barrier highlighted by seminar participants is the higher

status attributed to research than to innovation or implementation.

Academic research is often competitive, hierarchical, and elitist, char-

acteristics which are at odds with the collaborative open approach

required for a learning health community. Clinicians are rewarded in

career pathways for undertaking research, but there is not the same

requirement or status associated with implementing improvements.

We heard from seminar participants that the experience from

implementing learning communities is that clinicians engage because

they feel they can make a difference to improving care. In the context

of pressurised operational and clinical workloads in the NHS, clinicians

SCOBIE AND CASTLE-CLARKE 3 of 10



can find it hard to spend time on improvement activities that are not

valued by the system, particularly in the absence of incentives to

do so.

This is a significant issue because there is a growing body of

research13 on implementation science, which shows just how difficult

implementing change can be. The institutions within the NHS are

geared towards supporting research rather than innovation. The

United Kingdom has a top down approach to implementing evidence;

for example, evidence-based guidance and approval for new treat-

ments to receive NHS funding are controlled by the National Institute

for Health and Care Excellence (NICE).14

4.1.1 | Balancing research with innovation: lessons
for policy and the NHS

There is a need to increase the value of innovation in clinical careers,

driving long-term culture change. Potential actions we recommend

could be considered include the following:

• Reviewing career “gateways” to ensure that innovation and

improvement projects are given equal value to research. This could

build on current revalidation requirements for clinicians to partici-

pate in clinical audit and improvement activities.

• Giving greater focus to improvement and innovation in clinical

excellence/merit awards.

• Expand national programmes paying for clinical time to work on

practical uptake, to match those for research.

4.2 | Theme 2: analytical capacity and capability in
the workforce

Seminar participants and reviewers emphasised that a shift to an LHS

in which clinicians are routinely using data for improvement requires

significant change to how NHS information and analysis functions are

currently organised. The current reality is that analytics teams are usu-

ally managed as corporate functions, with a primary focus on analysis

for regulation and performance rather than quality improvement and

transformation.15

There are cultural barriers16 between clinical and informatics spe-

cialists. NHS IT and analytical staff are part of the clerical and adminis-

trative workforce rather than members of scientific grades such as lab

technicians, limiting their training opportunities, salaries, and collabo-

rative opportunities. This could reinforce a view in the NHS that

analytical and informatics work is low status and belongs in the “back

office” rather than being critical for transformation and quality

improvement.17

In combination, these factors have contributed to a lack of spe-

cialist analytical capacity in the NHS.15 So while analytics methods18

already used for research and evaluation of health care could be

applied in LHS, there is scarce capacity to do this in either the NHS or

research communities. For LHS, this is a significant challenge, as

methods used for robust analysis of large health datasets are not rou-

tinely undertaken in the NHS.

There is also a broader challenge to develop and strengthen digi-

tal skills in the NHS,19 including developing informatics skills among

clinicians and managers, as well as quality improvement and clinical

understanding among analysts. The Building the Digital Ready

Workforce programme (see below) recognises and is working to

address this challenge.

A major barrier is the current pay structure in the NHS that does

not value technical expertise. Further, it means the NHS finds it diffi-

cult to compete with other sectors or commercial analytics organisa-

tions.4 Seminar participants noted that a number of significant

national NHS analytics developments are outsourced, contributing to

a cycle whereby skills and capacity in the NHS remain underdevel-

oped relative to third party organisations. A further impact of out-

sourcing is lack of transparency of methods—local organisations can

find it difficult to replicate methods used in national tools, reducing

opportunities for learning and causing duplication of effort.

Seminar participants noted that a huge amount of analytical

effort in the NHS is duplicated, with multiple organisations producing

routine reporting of the same performance measures. The current

organisation of analytics support means that there is often competi-

tion between analytics teams rather than collaboration, arising from

the NHS market for analytics skills.20 Some areas are tackling this by

bringing together capacity across commissioners and providers, where

local relationships allow this and a number of analytics hubs are

developing within the NHS family, for example, in Academic Health

Science Networks,21 commissioning support units,22 and shared infor-

matics services.23 Hubs could provide the scale to develop and main-

tain specialist skills, alongside access to integrated datasets.

Professional networks for NHS analysts, such as APHA (see below),

are becoming established to address current barriers and provide a

stronger voice for NHS analysts as well as training and development

opportunities.

4.2.1 | Developing analytical capacity: lessons for
policy and the NHS

National bodies should demonstrate leadership for analytics in the

NHS in the way they commission and use analysis. This could include:

• promoting collaboration, learning, and transparency by ensuring

the methodology and tools developed centrally are published and

are accessible;

• encouraging development of analytics capability in the NHS

through ensuring there is effective professional leadership for ana-

lytics at senior levels in national NHS organisations, for example,

though appointing a chief analyst role and through regional analyt-

ics roles supporting local service transformation;

• addressing the growing challenge of pay and reward for analytical

and informatics roles, which are currently relatively undervalued

within the NHS framework.
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Local NHS organisations and partnerships can also support the

development of analytical capability. Actions could include:

• making openness and transparency in analytical methods the

default approach to promote shared learning and improve consis-

tency between organisations;

• consider the workforce implications and how local shared records

(see LHCRs below) can develop the capability to make use of

linked data;

• set an expectation for continuous learning, engaging in profes-

sional networking organisations, and collaboration within analysts'

job descriptions and providing time for this in jobs. This could

include encouraging the use of MOOCs, wikis, and other

knowledge-sharing tools

4.3 | Theme 3: ethical issues and LHS

The research literature indicates that a further set of ethical con-

cerns29 have emerged as LHS have been implemented in the United

States about how patients are involved in situations where evidence

is gathered at the point of usual care, rather than in a research setting.

On the one hand, if it is not clear which treatment is best, clinicians

have a duty to monitor the impact of different treatments. This also

has a benefit from widening the populations for which evidence is

available, as most clinical trials are undertaken for a narrow group of

patients. On the other hand, there are concerns30 about patient's con-

sent for different treatment options: how patient's data is used for

purposes beyond their usual care, ensuring that there are mechanisms

for patients and communities to be involved, and transparency in the

methods and findings from analysis.

Pragmatic RCTs31 provide one route to widen participation in

clinical trials, but the LHS can take this much further through routinely

randomising treatment at the point of care32, where evidence about

the best treatment is lacking (referred to as clinical equipoise). When

there is genuine equipoise between two commonly used treatments,

not doing a point of care trial to find out which has a better

risk/benefit profile seems unethical. Pragmatic RCTs could enable

clinically important questions that can be answered fast based on

studies carried out in routine care settings on a full range of

participants.

Research governance frameworks have been developed to

address these issues in a research context: current guidance from

the Health Research Authority (HRA), the body responsible for

research governance in the United Kingdom, distinguishes between

service evaluation and research. However, the guidance may be diffi-

cult to apply in the same way for research carried out at the point

of care.

4.3.1 | Addressing ethical issues: lessons for policy
and the NHS

Research bodies need to respond to the growing opportunities for

research using large routine datasets. Potential actions could include:

• HRA could re-examine guidance on studies carried out at the point

of care and other novel approaches, considering the balance

between population benefits, where evidence is currently limited

and the risks to the individual patients recruited

• The National Institute for Health Research could launch a themed

call or new programme with accelerated decisions, designed to

fund point of care trials to investigate NICE-identified research

recommendations, using routine data.

4.4 | Theme 4: robust data access and governance
arrangements

The digital health data that an LHS would use is generated on multiple

systems. A single hospital trust will have multiple, often dozens, of dif-

ferent clinical systems collecting data for specific purposes. Bringing

this data together requires physical infrastructure for storing and

processing data, as well as mechanisms for linking data, which may

not share common patient identifiers. Providing access to such linked

BOX 1 initiatives for building analytical capacity in

the United Kingdom

Building the digital ready workforce24 programme is com-

posed of a series of workstreams focussing on leadership

and culture, professionalisation, the Digital Academy (which

provides specialist training to CIOs and CCIOs), and digital

literacy for NHS staff. The programme also funds and sup-

ports The Faculty of Clinical Informatics,25 the professional

body for health, and social care professionals working in

informatics. It is also working on campaigns to attract peo-

ple with digital skills to the NHS.

The Skills Framework for the Information Age (SFIA26)

is a model for describing and managing competencies for

information technology professionals for the 21st century,

and is intended to help match the skills of the workforce to

the needs of the business. It is not specific to the health sec-

tor, but provides a framework to articulate the skills and the

level of responsibility needed for organisations using digital

in the 21st century.

The Association of Professional Healthcare Analysts

(APHA)27 aims to raise the profile of health care analysts

and provide a professional support network, ultimately

achieving professional registration status for its members.

The intention is to drive up the quality and applicability of

robust analytics as an aid to evidence-based decision mak-

ing in a modern health and care system. APHA is associated

with the Federation of Informatics Professionals.28
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data to analysts based across multiple organisations, or combining

with patient-generated data33, adds further layers of complexity.

There are different ways in which data linkage and access can be

achieved, and importantly for the development of LHS, the solution

used is interdependent with arrangements for data access and gover-

nance. For example, some solutions “pull” selected data from different

systems at the time it is needed for clinical care or analysis, while in

others, data is routinely “pushed” into a common data warehouse for

storage. The push model generally requires stronger data governance

arrangements, because purposes of data access are less specific and

requires greater public trust, but is also necessary for analytical work

at scale.

General Data Protection Regulation (GDPR)34 clarifies that

implied consent may be used for sharing confidential patient informa-

tion for an individual's care. Where an individual's care team is

involved in local clinical audit, data can also be shared with implied

consent. Confidential patient information can also be shared without

consent if doing so is considered to be in the public interest or where

there is another mandatory legal requirement for the data, such as a

court order.

Linked but anonymous data can be shared under GDPR. How-

ever, in the context of an LHS that is aiming to link multiple sources

of patient level data, the task of linking data across multiple systems is

challenging if these are held by different organisations. A lack of clar-

ity about how to meet information governance requirements, while

also providing various stakeholders with access to linked data, has

been a significant barrier to evaluating the impact of new models of

care.35 Further, effectively pseudonymising patient data becomes

more challenging because there are more data points about a person.

This could make them uniquely recognisable, even with no identifiers.

Although there are technical solutions to reduce risks of unintended

disclosure, as part of privacy enhancing technologies, they are not in

widespread use in the NHS. Patients and the public now have the

opportunity to opt-out of their confidential (but not anonymous or

depersonalised) data being used for research and planning purposes,

but a large proportion of people opting out will reduce the value of

analysis undertaken using the data.36

The NHS has struggled to develop governance arrangements

which enable information to be accessed for the benefit of individual

patient care and research, while also meeting regulatory requirements

and patient expectations: further guidance is expected shortly to

address this.37 The vast majority of people in the United Kingdom

trust the NHS and most are happy with it using data, even for second-

ary uses.38 However, some people have concerns39 about who

accesses their health data. Missteps in the development of shared

records have led to a lack of public trust40 in data sharing, and have

also contributed to a high level of risk aversion among clinicians and

data custodians.

These challenges are recognised within new initiatives to extend

the use of data and analytical methods in health research (see below).

Although these programmes differ in their focus and scope, they all

include work to develop the governance and public engagement

framework for managing and using data beyond direct patient care, as

well as the data and technical capability required. These frameworks

are starting to empower patients and the public to take greater con-

trol of their data, and also need to involve them in how their data will

be used and analysed.

4.4.1 | Enabling data access and robust
governance arrangements: lessons for policy and
the NHS

• The considerable investment through HDR UK, Digital Innovation

Hubs and LHCRs is welcome and should have long-term impact.

However, there is a need to build quickly on what can be done

using existing infrastructure, and the key to this is likely to be pro-

moting the LHS ethos of collaboration and iterative development.

• Infrastructure programmes need to consider the current NHS envi-

ronment and the need for clinical ownership of data access and

BOX 2 developing the infrastructure for LHS in

the NHS

Health Data Research UK (HDR UK)41 is a joint investment

led by the Medical Research Council, working in partnership

with academia, NHS, Government, industry, and charities. It

aims to harness health and biomedical data for discovery

research in the United Kingdom, and develop and apply cut-

ting edge data science approaches in order to address the

most pressing health research challenges facing the public.

The Digital Innovation Hub42 programme, which is part

of HDR UK infrastructure, is developing technology and

methods to support the use of large data sets and analytical

methods for applied health research, evaluation, and innova-

tion. The aim is to develop between 3 and 5 hubs in regions

across the United Kingdom to connect health-related data

for applied research and innovation within a single interop-

erable, trusted, and secure governance framework. This will

enable accredited researchers, scientists, and innovators to

work together and safely and securely use data to harness

scientific knowledge and emerging technologies at scale

across populations of between 3 and 5 million people.

The NHS in England has established the Local Health

and Care Record (LHCR43) programme, which is intended to

build on existing projects and create a set of national stan-

dards that all local health and care record initiatives across

England will be required to follow.44 The first wave of

LHCRs are in areas with preexisting shared record

programmes, which already have a track record in develop-

ing platforms for sharing and accessing data for analysis. It is

anticipated that LHCRs will deliver standardised approaches

to how data is stored45 to enable analysis of data across

multiple areas.
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analytics; it is not clear that the current models for implementation

of LHCRs, for example, will develop this.

• Locally, the strongest message from health systems that have suc-

cessful linked data is that clinical ownership is key to this, along

with active programmes to develop public trust.4

4.5 | Theme 5: high quality data

EHRs and the digital capture of data on observations, tests, treat-

ment, and outcomes, will lead to an exponential increase in the

amount of data potentially available for analysis. However, seminar

participants emphasised that the existence of this data won't auto-

matically translate into useful information and learning unless the

data is of sufficiently high quality and in a form that can be readily

analysed.

The NHS has a long history of collecting data routinely and using

this for research, for example, Hospital Episode Statistics46—a struc-

tured dataset covering hospital activity. Even with this structured

data, there are challenges to data quality47 and completeness, such

that interpreting variations between organisations or trends over time

demands careful scrutiny by experienced analysts of potential coding

differences.

Primary care services in the United Kingdom have used

EHRs48 for many years, but some of this data is often unstructured

free text, there is limited consistency between clinicians in how

data is recorded (except in data required for performance

payments), practices have limited analytical capacity, and there has

not been a widespread culture of sharing data between practices

for learning. While there are analytical solutions49 to these prob-

lems, we need to recognise that more data will not automatically

translate into learning without incentives or investment to

achieve this.

That having been said, the NHS already has a considerable pro-

gramme of work to develop data standards (see box).

Maintaining and developing standards is a continuous process

and there are ways to make the most of the existing data. Where

there is variation in data standards in use, mapping between differ-

ent sources can enable data to be analysed, without there being a

single data source or standards. For example, this approach has been

successfully applied across primary care sources50 in different

countries.

In addition, there are important gaps in data collected about

patient outcomes. Patient Reported Outcome Measures (PROMs) are

widely used in research but are not part of most routine care. There

are exceptions such as outcomes for psychological therapy51 and

joint replacement52. There is growing interest in using PROMs at the

individual patient level,53 as part of patient care. This can support

shared decision making, inform clinical decisions, and enable care to

be tailored to individual needs. Seminar participants emphasised that

routine use and collection of PROMs could play a critical part in

enabling services to monitor outcomes, and drive improvements

in care.

4.5.1 | Ensuring high quality data: lessons for
policy and the NHS

To make the most of existing data, and enable rapid use of new

sources of digital data, the NHS needs to take a strategic approach to

developing data. This includes:

• promoting ongoing work on data structures and definitions and

provide clear guidance for local organisations on interpreting and

delivering the standard;

• building standards into the development of new data collections,

for example, through the procurement process;

• addressing the current gap in routine collection of outcomes data

and specifically the dearth of patient-reported outcome

measures—outcomes data is critical in completing the learning

cycle and in enabling comparisons of quality of care;

• building analytics requirements into local digital plans so

getting information out of EHRs and into a form which can

be used for improving care is part of the plan from day one

and is not seen as an optional extra to be addressed in the

future.

BOX 3 data standards in the UK NHS

Improving data quality at source is critical, but not sufficient

for LHSs. Linking data across multiple sources requires the

ability to know when two items of the data are the same—

either by using common data standards and codes or from

having a mapping to translate codes between different

sources. The NHS data dictionary provides a strong starting

point for this, in contrast to social care, where there are cur-

rently minimal data standards.

Many of the existing NHS standard dataset definitions

need revision because they are based around care activities

and pathways that are changing. For example, care activity

that historically has taken place in an outpatient appoint-

ment could happen through a virtual or online consultation,

through advice was provided directly from a specialist to a

GP, and be delivered by a range of different clinical profes-

sionals in a range of settings.

Responsibility for the standards for collecting and

publishing data sits with NHS Digital,54 leadership for

standardising records for patient care sits with the Profes-

sional Record Standards Body,55 but implementation of the

standards has not always taken place.

Learning health systems depend on high quality data

being captured during the care of the individual patient,56

and so improving the implementation of standards for data

recording, and aligning health record standards with data

standards will support the development of LHS.
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5 | DISCUSSION

LHS aim to address the challenge of ensuring that the huge growth in

digital health and care data can be used to improve care, to shorten

the timeframe of improvement projects and ensure these are based

on real-world data. In the United Kingdom, as elsewhere,

policymakers are depending on digital innovation, driven by better use

of data about current health service performance to enable service

transformation and a more sustainable health system.

In this paper, we have identified a number of barriers to achieving

these aims, which need to be given greater consideration in order to

realise the benefits of a digital NHS. While there are excellent exam-

ples of UK organisations and networks that are moving on this jour-

ney already, we have also identified ways in which national and local

organisations could promote and accelerate the development of LHS.

In addition to the cultural factors that provide motivation and

enable learning, several building blocks contribute to effective LHS

that can operate at scale. The NHS is already investing in some of

these building blocks, but there are some gaps and significant chal-

lenges to achieving current aspirations.

A key question for the UK NHS, and likely other health systems,

is whether the right incentives are in place to enable better use of

health data for improvement at scale, both in terms of driving the right

culture and developing the infrastructure. Currently, there are too few

external incentives for clinicians to engage in quality improvement—

given the absence of outcomes measurement and the lower status of

implementation compared with original research. And at the moment,

NHS analytics functions are more focused on regulation and perfor-

mance than they are on quality improvement and transformation.

An additional challenge, both locally and nationally, is that invest-

ment to develop the infrastructure needs to be made by different

groups or organisations from the learning health communities who

would benefit. This mirrors the experience of local shared record

programmes, which required individual NHS organisations to invest

financially and collaborate, for the benefit of system wide infrastruc-

ture. While organisations are likely to benefit in time, the experience

in the United Kingdom and elsewhere is that it can take a number of

years for this to happen.

This paper focuses on the UK policy context. However, many of

the same challenges have been experienced in other countries. The

LHS concept should prompt the NHS to look more closely at how we

can improve the use of data and promote collaboration rather than

competition. There is scope for national policy and interventions to

promote the cultural shifts that will be needed for more data to trans-

late into improved care.

5.1 | Limitations and further research

This paper is based on a seminar with 20 participants and a brief

review of existing evidence. Perspectives expressed during the semi-

nar informed much of the narrative and differing perspectives will of

course exist, which are not captured here. While every effort was

made to triangulate findings with existing literature, building learning

health systems in an NHS context is a relatively new area and little lit-

erature exists in this area. Rather, the majority of literature is focused

on learning health systems more broadly and how they have devel-

oped elsewhere. What's more, the work drew on a brief literature

review and therefore key studies may be missing. Nevertheless, this

paper provides a starting point for others to start conceptualising

learning health systems in an NHS context and illuminates where fur-

ther thought and action is needed.

CONFLICT OF INTEREST

None declared.

REFERENCES

1. NHS England, NHS Long Term Plan, 7th January 2019. Available at:

https://www.longtermplan.nhs.uk/wp-content/uploads/2019/01/

nhs-long-term-plan.pdf [Last accessed 29th March 2019].

2. Friedman CP, Rubin JC, Sullivan KJ. Toward an information infrastruc-

ture for global health improvement. Yearbook of Medical Informatics.

2017;26:16-23. https://doi.org/10.15265/IY-2017-004

3. OECD/European Observatory on Health Systems and Policies (2017).

United Kingdom: Country Health Profile 2017, State of Health in the

EU, OECD Publishing, Paris/European Observatory on Health Sys-

tems and Policies, Brussels. https://doi.org/10.1787/

9789264283589-en https://www.oecd-ilibrary.org/docserver/

9789264283589- [Last accessed 29th March 2019].

4. Castle-Clarke S, Hutchings R (2019) Achieving a digital NHS: learning

for national policy from the acute sector, Nuffield Trust. https://

www.nuffieldtrust.org.uk/research/achieving-a-digital-nhs-lessons-

for-national-policy-from-the-acute-sector [Last accessed 24th

September 2019]

5. Department of Health, 2016, Making IT work: harnessing the power

of health information technology to improve care in England https://

assets.publishing.service.gov.uk/government/uploads/system/

uploads/attachment_data/file/550866/Wachter_Review_Accessible.

pdf [Last accessed 24th September 2019]

6. Department of Health and Social Care, The future of healthcare: our

vision for digital, data and technology in health and care, 17th

October 2018. Available at https://www.gov.uk/government/

publications/the-future-of-healthcare-our-vision-for-digital-data-and-

technology-in-health-and-care/the-future-of-healthcare-our-vision-

for-digital-data-and-technology-in-health-and-care [Last accessed 8th

February 2019]

7. Nwaru BI, Friedman C, Halamka J, Sheikh A. Can learning health sys-

tems help organisations deliver personalised care? BMC Medicine.

2017;15, Article number 177. https://doi.org/10.1186/s12916-017-

0935-0

8. Seid M, Margolis PA, Opipari-Arrigan L. Engagement, peer production,

and the learning healthcare system. JAMA Pediatr. 2014;168(3):201-

202. https://doi.org/10.1001/jamapediatrics.2013.5063

9. Health Foundation, Exploring learning health care systems, 2017,

https://www.health.org.uk/newsletter-feature/exploring-learning-

health-care-systems [Last accessed 29th March 2019].

10. Foley T, Lawrence N, The learning healthcare project, NHS data col-

lections as a platform for learning healthcare systems http://www.

learninghealthcareproject.org/publications [Last accessed 29th March

2019].

11. Banerjee A, Drumright LN, Mitchell ARJ. Can the NHS be a learning

healthcare system in the age of digital technology? BMJ Evidence-

Based Medicine. 2018;23:161-165. https://doi.org/10.1136/bmjebm-

2018-110953

8 of 10 SCOBIE AND CASTLE-CLARKE

https://www.longtermplan.nhs.uk/wp-content/uploads/2019/01/nhs-long-term-plan.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/01/nhs-long-term-plan.pdf
https://doi.org/10.15265/IY-2017-004
https://doi.org/10.1787/9789264283589-en
https://doi.org/10.1787/9789264283589-en
https://www.oecd-ilibrary.org/docserver/9789264283589
https://www.oecd-ilibrary.org/docserver/9789264283589
https://www.nuffieldtrust.org.uk/research/achieving-a-digital-nhs-lessons-for-national-policy-from-the-acute-sector
https://www.nuffieldtrust.org.uk/research/achieving-a-digital-nhs-lessons-for-national-policy-from-the-acute-sector
https://www.nuffieldtrust.org.uk/research/achieving-a-digital-nhs-lessons-for-national-policy-from-the-acute-sector
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/550866/Wachter_Review_Accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/550866/Wachter_Review_Accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/550866/Wachter_Review_Accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/550866/Wachter_Review_Accessible.pdf
https://www.gov.uk/government/publications/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care
https://www.gov.uk/government/publications/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care
https://www.gov.uk/government/publications/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care
https://www.gov.uk/government/publications/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care/the-future-of-healthcare-our-vision-for-digital-data-and-technology-in-health-and-care
https://doi.org/10.1186/s12916-017-0935-0
https://doi.org/10.1186/s12916-017-0935-0
https://doi.org/10.1001/jamapediatrics.2013.5063
https://www.health.org.uk/newsletter-feature/exploring-learning-health-care-systems
https://www.health.org.uk/newsletter-feature/exploring-learning-health-care-systems
http://www.learninghealthcareproject.org/publications
http://www.learninghealthcareproject.org/publications
https://doi.org/10.1136/bmjebm-2018-110953
https://doi.org/10.1136/bmjebm-2018-110953


12. Castle-Clarke S, Edwards N and Buckingham H (2017) Falling short:

why the NHS is still struggling to make the most of new innovations.

Briefing, Nuffield Trust. https://www.nuffieldtrust.org.uk/research/

falling-short-why-the-nhs-is-still-struggling-to-make-the-most-of-

new-innovations [Last accessed 24th September 2019]

13. Braithwaite J, Churruca K, Long J, Ellis L, Herkes J. When complexity

science meets implementation science: a theoretical and empirical

analysis of systems change. BMC Medicine. 2018;16, Article number

63. https://doi.org/10.1186/s12916-018-1057-z

14. Nigel E, John A, Nicholas T. NICE at 20. BMJ. 2019;364, Article num-

ber 1343. https://doi.org/10.1136/bmj.l1343

15. Bardsley M, Understand analytic capability in health care, Health

Foundation, 2016, https://www.health.org.uk/publications/

understanding-analytical-capability-in-health-care [Last accessed 29th

March 2019].

16. Scott P, Dunscombe R, Evans D, Mukherjee M, Wyatt J. Learning

health systems need to bridge the ‘two cultures’ of clinical informatics

and data science. J Innov Health Inform. 2018 Jun 15;25(2):126-131.

https://doi.org/10.14236/jhi.v25i2.1062

17. Bardsley M, Steventon A, Fothergill G, Untapped potential: investing

in health and care data analytics, Health Foundation 2019. https://

www.health.org.uk/sites/default/files/upload/publications/2019/

Untapped%20potential.pdf [Last accessed 24th September 2019]

18. Stoto M, Oakes M, Stuart E, Savitz L, Priest EL, Zurovac J. Analytical

Methods for a Learning Health System: 1. Framing the Research

Question. eGEMs (Generating Evidence & Methods to improve patient

outcomes). 2017;5(1), Article number 28. https://doi.org/10.5334/

egems.250

19. Health Education England, 2019, The Topol review: preparing

the healthcare workforce to deliver the digital future, https://topol.

hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf [Last

accessed 24th September 2019]

20. NHS England, Health System Support Framework, 2018,

https://www.england.nhs.uk/hssf/background/ [Last accessed 24th

September 2029]

21. https://imperialcollegehealthpartners.com/what-we-do/services-for-

the-nhs/business-intelligence/ [Last accessed 29th March 2019].

22. https://www.strategyunitwm.nhs.uk/ [Last accessed 29th March

2019].

23. https://www.notts-his.nhs.uk/ [Last accessed 29th March 2019].

24. Health Education England, Building a Digital Ready Workforce

https://www.hee.nhs.uk/our-work/building-digital-ready-workforce

[Last accessed 8th February 2019]

25. Faculty of Clinical Informatics https://www.

facultyofclinicalinformatics.org.uk/#about [Last accessed 8th

February 2019]

26. SFIA Foundation, Skills Framework for the Information Age (SFIA)

https://www.sfia-online.org/en [Last accessed 8th February 2019]

27. https://www.aphanalysts.org/ [Last accessed 29th March 2019].

28. https://www.bcs.org/membership/get-registered/federation-for-

informatics-professionals-fedip/ [Last accessed 29th March 2019].

29. London AJ. Learning health systems, clinical equipoise and the ethics

of response adaptive randomisation. Journal of Medical Ethics. 2018;

44:409-415. https://jme.bmj.com/content/44/6/409

30. Weir CR et al. Veterans Healthcare Administration providers’ atti-
tudes and perceptions regarding pragmatic trials embedded at the

point of care. Clinical Trials. 2014;11(3):292-299. https://doi.org/10.

1177/1740774514523848

31. Hotopf M. The pragmatic randomised controlled trial. Advances in

Psychiatric Treatment. 2002;8(5):326-333. https://doi.org/10.1192/

apt.8.5.326

32. Huttner A et al. Closing the evidence gap in infectious disease: point-

of-care randomization and informed consent. Clinical Microbiology and

Infection. 23(2):73-77. https://doi.org/10.1016/j.cmi.2016.07.029

33. Cresswell K, McKinstry B, Wolters M, Shah A, Sheikh A. Five key stra-

tegic priorities of integrating patient generated health data into

United Kingdom electronic health records. Journal of Innovation in

Health Informatics [Online]. 2018;25(4):254-259. Web. 6 Feb. 2019

34. Information Governance Alliance, GDPR Guidance, https://digital.

nhs.uk/data-and-information/looking-after-information/data-

security-and-information-governance/information-governance-

alliance-iga/general-data-protection-regulation-gdpr-guidance

[Last accessed 25th September 2019]

35. National Audit Office, 2018, Developing new care models through

NHS Vanguards https://www.nao.org.uk/wp-content/uploads/2018/

06/Developing-new-care-models-through-NHS-Vanguards.pdf

[Last accessed 29th March 2019].

36. Evans H, 2018, Using data in the NHS: the implications of the opt-

out and GDPR, https://www.kingsfund.org.uk/publications/using-

data-nhs-gdpr [Last accessed 25th September 2019]

37. PRSB, 2019, The core information standard: a report on the standard

for sharing health and care information; its development, implementa-

tion and challenges https://theprsb.org/wp-content/uploads/2019/

07/Core-Information-Standard-Final-Report-V1.pdf [Last accessed

25th September 2019].

38. Luchenski SA, Reed JE, Marston C, Papoutsi C, Majeed A, Bell D.

Patient and public views on electronic health records and their uses

in the United Kingdom: cross-sectional survey. J Med Internet Res.

2013;15(8), Article number e160.

39. National Data Guardian for Health and Care, Review of Data Security,

Consent and Opt-Outs, 2016 [Last accessed 29th March 2019].

40. van Staa T-P, Goldacre B, Iain B, Liam S. Big health data: the need

to earn public trust. BMJ. 2016, Article number 354. https://doi.

org/10.1136/bmj.i3636

41. https://www.hdruk.ac.uk/about/ [Last accessed 29th March 2019].

42. https://www.hdruk.ac.uk/research/digital-innovation-hubs/

[Last accessed 29th March 2019].

43. NHS England, Local Health and Care Record exemplars summary,

2018 https://www.england.nhs.uk/wp-content/uploads/2018/05/

local-health-and-care-record-exemplars-summary.pdf [Last accessed

29th March 2019].

44. Singh I, 2019, So what is a health and care record anyway? NHS

England, https://digital.nhs.uk/blog/transformation-blog/2019/so-

what-is-a-local-health-and-care-record-anyway [Last accessed 24th

September 2019]

45. Davies, E, The purpose of LHRCEs has always been

clear, Digital Health, February 2019, https://www.digitalhealth.net/

2019/02/lhcres-purpose-always-clear/ [Last accessed 29th March

2019].

46. https://digital.nhs.uk/data-and-information/data-tools-and-services/

data-services/hospital-episode-statistics/users-uses-and-access-to-

hospital-episode-statistics [Last accessed 23rd September 2019]

47. Deeny SR, Steventon A. Making sense of the shadows: priorities for

creating a learning healthcare system based on routinely collected

data. BMJ Qual Saf. 2015;24:505-515. https://qualitysafety.bmj.

com/content/24/8/505

48. Vezyridis P, Timmons S. Evolution of primary care databases in UK: a

scientometric analysis of research output. BMJ. 2016;6:e012785.

https://bmjopen.bmj.com/content/6/10/e012785 [Last accessed

23rd September 2019]

49. Weissman G, Hubbard R, Ungar L, et al. Inclusion of Unstructured

Clinical Text Improves Early Prediction of Death or Prolonged ICU

Stay. Critical Care Medicine: July 2018. 46(7):1125-1132. https://doi.

org/10.1097/CCM.0000000000003148

50. Ethier J-F, McGilchrist M, Barton A, et al. The TRANSFoRm project:

experience and lessons learned regarding functional and interopera-

bility requirements to support primary care. Learn Health Sys. 2018;2:

e10037. https://doi.org/10.1002/lrh2.10037

SCOBIE AND CASTLE-CLARKE 9 of 10

https://www.nuffieldtrust.org.uk/research/falling-short-why-the-nhs-is-still-struggling-to-make-the-most-of-new-innovations
https://www.nuffieldtrust.org.uk/research/falling-short-why-the-nhs-is-still-struggling-to-make-the-most-of-new-innovations
https://www.nuffieldtrust.org.uk/research/falling-short-why-the-nhs-is-still-struggling-to-make-the-most-of-new-innovations
https://doi.org/10.1186/s12916-018-1057-z
https://doi.org/10.1136/bmj.l1343
https://www.health.org.uk/publications/understanding-analytical-capability-in-health-care
https://www.health.org.uk/publications/understanding-analytical-capability-in-health-care
https://doi.org/10.14236/jhi.v25i2.1062
https://www.health.org.uk/sites/default/files/upload/publications/2019/Untapped%20potential.pdf
https://www.health.org.uk/sites/default/files/upload/publications/2019/Untapped%20potential.pdf
https://www.health.org.uk/sites/default/files/upload/publications/2019/Untapped%20potential.pdf
https://doi.org/10.5334/egems.250
https://doi.org/10.5334/egems.250
https://topol.hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf
https://topol.hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf
https://www.england.nhs.uk/hssf/background/
https://imperialcollegehealthpartners.com/what-we-do/services-for-the-nhs/business-intelligence/
https://imperialcollegehealthpartners.com/what-we-do/services-for-the-nhs/business-intelligence/
https://www.strategyunitwm.nhs.uk/
https://www.notts-his.nhs.uk/
https://www.hee.nhs.uk/our-work/building-digital-ready-workforce
https://www.facultyofclinicalinformatics.org.uk/#about
https://www.facultyofclinicalinformatics.org.uk/#about
https://www.sfia-online.org/en
https://www.aphanalysts.org/
https://www.bcs.org/membership/get-registered/federation-for-informatics-professionals-fedip/
https://www.bcs.org/membership/get-registered/federation-for-informatics-professionals-fedip/
https://jme.bmj.com/content/44/6/409
https://doi.org/10.1177/1740774514523848
https://doi.org/10.1177/1740774514523848
https://doi.org/10.1192/apt.8.5.326
https://doi.org/10.1192/apt.8.5.326
https://doi.org/10.1016/j.cmi.2016.07.029
https://digital.nhs.uk/data-and-information/looking-after-information/data-security-and-information-governance/information-governance-alliance-iga/general-data-protection-regulation-gdpr-guidance
https://digital.nhs.uk/data-and-information/looking-after-information/data-security-and-information-governance/information-governance-alliance-iga/general-data-protection-regulation-gdpr-guidance
https://digital.nhs.uk/data-and-information/looking-after-information/data-security-and-information-governance/information-governance-alliance-iga/general-data-protection-regulation-gdpr-guidance
https://digital.nhs.uk/data-and-information/looking-after-information/data-security-and-information-governance/information-governance-alliance-iga/general-data-protection-regulation-gdpr-guidance
https://www.nao.org.uk/wp-content/uploads/2018/06/Developing-new-care-models-through-NHS-Vanguards.pdf
https://www.nao.org.uk/wp-content/uploads/2018/06/Developing-new-care-models-through-NHS-Vanguards.pdf
https://www.kingsfund.org.uk/publications/using-data-nhs-gdpr
https://www.kingsfund.org.uk/publications/using-data-nhs-gdpr
https://theprsb.org/wp-content/uploads/2019/07/Core-Information-Standard-Final-Report-V1.pdf
https://theprsb.org/wp-content/uploads/2019/07/Core-Information-Standard-Final-Report-V1.pdf
https://doi.org/10.1136/bmj.i3636
https://doi.org/10.1136/bmj.i3636
https://www.hdruk.ac.uk/about/
https://www.hdruk.ac.uk/research/digital-innovation-hubs/
https://www.england.nhs.uk/wp-content/uploads/2018/05/local-health-and-care-record-exemplars-summary.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/05/local-health-and-care-record-exemplars-summary.pdf
https://digital.nhs.uk/blog/transformation-blog/2019/so-what-is-a-local-health-and-care-record-anyway
https://digital.nhs.uk/blog/transformation-blog/2019/so-what-is-a-local-health-and-care-record-anyway
https://www.digitalhealth.net/2019/02/lhcres-purpose-always-clear/
https://www.digitalhealth.net/2019/02/lhcres-purpose-always-clear/
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics/users-uses-and-access-to-hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics/users-uses-and-access-to-hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics/users-uses-and-access-to-hospital-episode-statistics
https://bmjopen.bmj.com/content/6/10/e012785
https://doi.org/10.1097/CCM.0000000000003148
https://doi.org/10.1097/CCM.0000000000003148
https://doi.org/10.1002/lrh2.10037


51. https://www.england.nhs.uk/mental-health/adults/iapt/

[Last accessed 29th March 2019].

52. https://www.ndorms.ox.ac.uk/clinical-trials/current-trials-and-

studies/ache-completed/ache-tool/ache-tool-patients [Last accessed

29th March 2019].

53. Calvert M, Kyte D, Price G, Valderas JM, Hjollund NH. Maximising

the impact of patient reported outcome assessment for patients and

society. BMJ. 2019;364:k5267. https://www.bmj.com/content/364/

bmj.k5267.abstract

54. https://digital.nhs.uk/data-and-information [Last accessed 29th

March 2019].

55. https://theprsb.org/ [Last accessed 29th March 2019].

56. Sacristán JA, Dilla T. No big data without small data. J Eval Clin Pract.

2015;21:1014-1017. https://doi.org/10.1111/jep.12350

How to cite this article: Scobie S, Castle-Clarke S.

Implementing learning health systems in the UK NHS: Policy

actions to improve collaboration and transparency and

support innovation and better use of analytics. Learn Health

Sys. 2020;4:e10209. https://doi.org/10.1002/lrh2.10209

10 of 10 SCOBIE AND CASTLE-CLARKE

https://www.england.nhs.uk/mental-health/adults/iapt/
https://www.ndorms.ox.ac.uk/clinical-trials/current-trials-and-studies/ache-completed/ache-tool/ache-tool-patients
https://www.ndorms.ox.ac.uk/clinical-trials/current-trials-and-studies/ache-completed/ache-tool/ache-tool-patients
https://www.bmj.com/content/364/bmj.k5267.abstract
https://www.bmj.com/content/364/bmj.k5267.abstract
https://digital.nhs.uk/data-and-information
https://theprsb.org/
https://doi.org/10.1111/jep.12350
https://doi.org/10.1002/lrh2.10209

	Implementing learning health systems in the UK NHS: Policy actions to improve collaboration and transparency and support in...
	1  INTRODUCTION
	2  THE UK NHS: POLICY CONTEXT
	2.1  Learning health systems in the United Kingdom

	3  METHODS
	4  RESULTS
	4.1  Theme 1: research versus innovation and implementation
	4.1.1  Balancing research with innovation: lessons for policy and the NHS

	4.2  Theme 2: analytical capacity and capability in the workforce
	4.2.1  Developing analytical capacity: lessons for policy and the NHS

	4.3  Theme 3: ethical issues and LHS
	4.3.1  Addressing ethical issues: lessons for policy and the NHS

	4.4  Theme 4: robust data access and governance arrangements
	4.4.1  Enabling data access and robust governance arrangements: lessons for policy and the NHS

	4.5  Theme 5: high quality data
	4.5.1  Ensuring high quality data: lessons for policy and the NHS


	5  DISCUSSION
	5.1  Limitations and further research

	  CONFLICT OF INTEREST
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


