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The incidence and severity of liver disease in the United Kingdom have

) ) ) 1. Sofia Hemrage ", King's College London,
increased over the last 20 years. Many patients present with advanced

. T . . London, UK
disease with limited treatment options and subsequently high
morbidity and mortality. There was also a significant correlation with 2.Jee-Fu Huang "', Kaohsiung Medical
deprivation. University, Kaohsiung, Taiwan
Strategies that support the earlier detection of liver disease are Any reports and responses or comments on the

paramount to reverse this trend. Despite significant progress in terms
of novel pathways, the optimal strategy for early detection of liver
disease remains unknown. Novel ways to tackle the deprivation
gradient and reduce health inequalities are urgently required.

article can be found at the end of the article.

Methods

Clinical research has an enormous role to play both in terms of
identifying the true scale of this challenge, where current gaps exist,
and to identify the optimal early detection strategies and their
implementation. WE therefore established Liver Rsearch Cymru (LRC)
a multi-disciplinary collaboration that seeks to maximise the benefits
from our existing data sources and clinical networks and increase the
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output of hepatology research in Wales.
Results

LRC has developed the first Wales wide research collaborative. We
have successfully collaborated with the Secure Anonymised
Information Linkage (SAIL) data resource to develop a greater
understanding of liver disease burdens through comprehensive
analysis of primary and secondary care data. We are now using this
information to evaluate the effectiveness of local early detection
pathways and to identify the scale of delays in diagnosis with a view to
addressing this important care gap.

Conclusion

LRC has successfully brought together patients. Hepatologists and
population/primary care academics to better understand current
discrepancies in the early diagnosis of liver disease in Wales. In
addition, it has laid a foundation for future research work based both
on our preliminary findings and allowed us to collaborate with other
more established liver disease research groups.

Plain Language Summary

Liver Research Cymru is a partnership, funded by the NIHR to support
research into ways of understanding the current burden of liver
disease in Wales, its relationship to poverty and to use this
information as a way of asking more intelligent and practical research
questions in the future. This is all being done to support liver disease
being diagnosed earlier so that treatment and support can be
provided earlier to reduce the harm to patients.

LRC chose to do this in 3 programmes of work. Firstly, the partnership
brought together liver experts across Wales with health care
researchers with expertise in primary care and population health and
identified a group of people with lived experience of liver disease to
make the work relevant to patients needs. Secondly, we explored data
sets held within Wales to identify, at a high level as many people as
possible known to have liver disease in Wales and realte that to areas
of deprivation (poverty).

Finally, LRC is using the knowledge gained from the first 2
programmes to design future research work and to set up additional
research partnerships with other NIHR funded research groups.

Keywords
Early detection, Incidence, Prevalence, Cirrhosis, Deprivation,
Mortality
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Introduction

Wales have a high burden of liver disease!, but historically,
there are few established liver services. This was a major driver
for change, leading the Welsh Government to commission a
national strategy, the Liver Disease Delivery Plan, which was
to be overseen by the Liver Disease Implementation Group
(LDIG) in early 2014 and launched in late 2015.

(https://www.gov.wales/sites/default/files/publications/2018-
12/liver-disease-delivery-plan-2015-t0-2020.pdf. ~ The  deliv-
ery of high-quality research was one of the six key aspects of
the plan as follows:

1) Prevention

2) Early detection

3) Fast and effective care
4) Improving Information
5) Living with liver disease

6) Improving research

Success has been achieved in several of these domains,
including improvements in the early detection of liver dis-
ease through the development of a national abnormal liver
blood test, significant increase in the number of clinical hepa-
tologists, and high-quality secondary care data via a liver
disease registry.

However, there has been no significant progress in this research
domain. This lack of progress was almost entirely due to
the lack of funded liver clinical research posts or sessional
consultation time dedicated to liver research within Wales.

Therefore, the National Institute of Healthcare Research
(NIHR) called to support the development of new research
partnerships in liver disease at an opportune time to address
this deficiency and build on the existing successes in early
detection made via the LDIG.

Methods

Patient and Public Involvement

Two people (Williams, Vincent) with lived experience were
known to the clinical hepatologists through engagement work
part of the LDIG. These two individuals were invited to be
involved from the very beginning of the partnership and helped
draft the grant submission to the NIHR. Therefore, they were
integral to the original submission and listed as co-applicants
as a consequence. Upon being successful in obtaining funding
the British Liver Trust were also engaged to assist in the recruit-
ment of the broader PPI team. This group was provided with sup-
port by the PPI lead (Nollett) in the lead up to initiation of the
project and as part of work programme 1. The PPI team was also
regularly updated by the co-lead applicants as to progress on
the SAIL data extraction with a particular focus on issues aris-
ing from their own experience of receiving a liver disease diag-
nosis. This aspect in particular drove the intention to evaluate
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the impact of an existing programme to improve early detection
and also another analysis exploring time to diagnosis from
first abnormal liver blood tests. Furthermore, the PPI group
was presented with the results that have fromed the first paper
from the SAIL analysis.

Following the launch of the NIHR Liver Disease Research
Partnership call, a working group was formed, titled Liver
Research Cymru. Three work programs were described in
the original proposal.

1) Building the research community
2) Connecting and understanding the data

3) Prioritising and designing studies

Building the research community

As there was no established liver disease research community
in Wales, there was a need to establish a partnership network
of healthcare professionals, researchers, and the public across
Wales. Clinical partners included consultant hepatologists,
general practitioners (GPs), microbiologists/blood-borne virus
(BBV) teams, public health consultants, and allied health
care practitioners, including hepatology and BBV special-
ist nurses. Representation was sought from all the Welsh health
boards. Academic partners were brought together from the
Centre for Trials Research and the Division of Population
Medicine at Cardiff University, and Swansea Centre for
Health Economics, Population Data Science, and the Secure
Anonymised Information Linkage (SAIL) Databank at Swansea
University. The benefits of this were two-fold: first, it brought
experience of undertaking population health research in the
Welsh context, which would strengthen the project, and sec-
ond, it provided mentorship for the clinicians within the research
partnership.

The partnership’s initial focus was to strengthen the links
made via the work of the LDIG and use them to build the addi-
tional necessary links to lead research focused on early diag-
nosis, identifying inequalities, and evaluating the impact of
deprivation.

The project management group met monthly, laying the foun-
dation for the network model. The broader stakeholder group
contributed to data review and research synthesis, and indi-
viduals contributed to the focused elements of project develop-
ment. The partnership was therefore connected with successful
research teams that have addressed similar priorities for other
diseases, such as the screening, diagnosis, and early preven-
tion of the cancer research team at the Division of Population
Medicine, Cardiff University.

Mentorship was provided by the senior research team (Hood,
Fitzsimmons) to liver disease specialists (Yeoman, Pembroke)
with the additional view of recognizing training and upskilling
needs. Network management was facilitated by a project
manager from within the lead applicant’s organization
(Aneurin Bevan University Health Board (ABUHB)).
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In addition to developing a research partnership within
Wales, Liver Research Cymru aimed to build and strengthen
relationships with existing research groups active in this
field across the UK. In this regard, one of the co-lead appli-
cants (ADY) was already a member of the British Society of
Gastroenterology (BSG)/British Association for the Study
of the Liver (BASL) Research Development Group and also
co-chairs an informal special interest group (SiG) on the Early
Detection of Liver Disease in the UK, which constitutes an
excellent opportunity for ongoing external partnerships and
information dissemination.

The informal SiG came out of a desire to share best practices
across the UK and help set the direction of future work with
regard to clinical pathways and research. Tangible outputs from
the group comprised of two publications. The first was the prin-
ciples and methods of early detection of liver disease’, and the
second was a systematic review of existing pathways in the
United Kingdom®.

The SiG comprises membership from each of the four nations
within the UK and is represented by the key clinical research
groups currently working in the field of early detection of
liver disease (Dundee, Leeds, Royal Free and University Col-
lege London, Portsmouth, Nottingham, and Newcastle). As
such, there is an established collaborative network available
for Liver Research Cymru to build upon and develop stronger
relationships and partnerships.

Patient and Public Involvement (PPI) is an integral part of
the network model and is included to contextualize findings
from the data from a patient/service-user perspective, priori-
tize and develop research questions, input into grant applica-
tions, and drive participation in liver disease research. To
expand the initial patient representation, a public advisory group
will be established consisting of eight people with a personal

ADDE
379
2459 (0.341%)
(3.11%)
6138
(5.52%)
8146
(7.33%)
56710
(51%)
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experience of liver disease. The aim was to encompass repre-
sentation from every health board in Wales, those of working
age, underserved groups, and the predominant etiologies of liver
disease in Wales.

Patient and public involvement was already a function of the
work of the LDIG, and we invited two people with lived experi-
ence via the program of work to form a core project group to
develop the initial grant proposal. The LDIG also had formal
links with the British Liver Trust, which was also consulted and
instrumental in the grant development proposal stage.

Planned outputs from work programme 1

The Liver Research Cymru network aims to develop an
inclusive and cohesive group within 6-months to review the data
generated in WP2 and contribute to the design and prioritization
of studies leading to NIHR Phase 2 bids in Work Programme 3
(Figure 1). In addition, we set out to utilize this network to
springboard a bid to establish this network as a health andcare
research unit as a medium-term ambition.

Connecting and understanding the data

As already mentioned, the LDIG created The Wales Liver
Disease Registry, which provided a rich source of data on
changing patterns and burdens of liver disease in Wales from
1999 onwards.

The methodology of this registry was based on the Interna-
tional Classification of Diseases (ICD) version 10 (ICD-10)
code mapping in the HepaHealth project (available at https:/
easl.eu/publication/hepahealth-project-report/) and the 2021
expert panel consensus*® (Pimpin et al., 2018, Hagstrom et al.,
2021). Additionally, codes reflecting the natural history of
liver disease were defined to enable monitoring of disease
progression over time from the underlying etiology (i.e., alcohol-
related liver disease, hepatitis C infection) to cirrhosis, portal

WLGP

20319
(18.3%)

15947
(14.4%)

PEDW

Legend: ADDE: Annual District Death Extract, WLGP: Welsh Longitudinal General Practice Dataset.

PEDW: Patient Episode Data for Wales.

Figure 1. Composition of the study cohort based on PEDW (secondary care), WLGP (primary care), and ADDE (death certification)

data sources.
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hypertension, decompensation, liver cancer, and death. ICD-10
mapping to read codes has been completed, thereby provid-
ing high-level health intelligence on changing patterns of the
incidence and prevalence of liver disease in Wales'. However,
there were limitations to this approach as it was entirely
dependent on hospital-based coding.

The Secure Anonymized Information Linkage (SAIL)
Databank is one of the richest anonymized individual-level,
population-scale trusted research environments (TRE) in the
world, and contains a variety of health and social care, admin-
istrative, geo-environmental, and specialist data sources
(saildatabank.com, Ford et al., 2009, Rodgers et al., 2012).

SAIL contains 86% primary care and 100% secondary care data
for all Welsh residents and those receiving NHS Wales serv-
ices. The wealth of information available in the SAIL Databank
includes lifestyle and clinical data (alcohol excess, BMI, inject-
ing drug use, smoking, and diabetes), prescribing data, clini-
cal results extracted directly from laboratory reporting systems
(e.g., abnormal liver function tests and thrombocytopenia),
and environmental and socio-economic deprivation data using
Lower-layer Super Output Area (LSOA) linkage. In addition to
diagnostic, treatment, and outcome data, demographic, socio-
economic, operative codes, and pathology data will be included in
the data.

This work programme constituted by far the largest proposed
body of work within the partnership and correspondingly was
allocated the greatest proportion of the budget.

The Liver Disease Registry methodology was applied to the
SAIL Databank via the development of a specific protocol, thus
enabling the capture of outpatient diagnoses of liver diseases
at an earlier stage of presentation (Ratib et al., 2014). Discrete
pre-diagnosis stages of i) liver risk factors, alcohol, obes-
ity/metabolic, and injecting drug use, and ii) routine blood
test abnormalities will be defined. The coding methodol-
ogy will be reviewed as it is integrated with primary care data.
Further adjustments will be made to ensure complete capture
of all available and relevant read codes, which are, in essence,
a thesaurus of clinical terms. Further information on read
codes and their application in clinical practice in the NHS can
be found at https://digital.nhs.uk/service/terminology-and-
classifications/read-codes). Furthermore, associated risk factors
and clinical investigations will also be brought into the research
ready data asset (RRDA).

We aimed to test the scope and utility of RRDA to address
three key objectives.

1) Describe key clinical and socio-demographic features asso-
ciated with liver disease diagnosis, later stage presentation,
mortality on first hospital admission and disease progression.

Descriptive logistic regression models will investigate a number
of potential explanatory variables, including (but not limited
to) social deprivation and difficult-to-reach populations. These
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can be defined as difficult due to geographic locality (includ-
ing coastal regions, post-industrial towns, and inner cities as
well as remote rural locations), language or cultural barriers,
or stigma, especially seen among marginalized groups. The
description of features associated with the development of
compensated advanced chronic liver disease (cACLD) is of
particular interest. These patients are a key group for early
diagnosis in primary care, and these analyses will improve
our understanding of disease progression (including HCC
development) and potentially lead to future research on appro-
priate screening strategies. Overall, these descriptive analyses
will help us to better understand who is at a greater risk of liver
disease and has poorer outcomes from liver disease. Further-
more, this work will inform subsequent funding applications
to allow targeting of the population most at need.

2) Assess the ability to evaluate clinical pathways

We developed a data platform that enables rapid evaluation
and direct information on the subsequent improvement of serv-
ice changes and associated future health economic implica-
tions. We aimed to test and refine our ability to do this by
evaluating the All-Wales Abnormal Liver Blood Test Pathway,
launched in October 2021. This pathway was implemented in
a staggered approach across Wales, which allowed us to analyze
the intervention in comparator groups using data held within
the SAIL Databank across University Health Boards in Wales.
This analysis included both the clinical and cost-effectiveness
outcomes. Following this work, we aimed to develop reproduc-
ible pipelines to enable rapid clinical and economic analyses of
future pathways, not just in Wales, but across the UK, using
routinely collected data and SAIL as the trusted research
environment (Innes et al., 2022, Petta et al., 2021).

3) Develop frameworks to assess time to diagnosis and disease
progression

Linked primary care, secondary care, laboratory, pathol-
ogy, and mortality data may allow us to describe the clinical
encounters from a first presentation with a liver-related symp-
tom to the first liver disease diagnosis and assess the potential
for earlier diagnosis and treatment, as well as resource use and
associated costs. The main objectives of this work will be
descriptive, aiming to better understand the data, including the
size, complexity, and value of the repeated measures. Further-
more, we aimed to draw on expertise from other disease areas
to define parameters of interest (e.g., code lists of agreed liver-
related symptoms and the period that most accurately reflects
time to diagnosis). The overall aim of this work is to com-
plete the necessary pilot and feasibility studies to prepare us
to apply for funding for subsequent early diagnosis research,
which will use causal inference methods to fully and robustly
understand pathways to diagnosis and treatment and identify
areas for intervention.

Following this work, the patient and public involvement

group will help interpret the findings from the data integra-
tion and provide their own perspectives (from their lived
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experiences) on the liver journey, including missed opportunities
for diagnosis.

This data analysis will enhance our understanding of the natu-
ral history and burden of liver disease in males. This work-
stream will develop methodologies to synthesize high-quality
data, underpinning future work in the timeframe of the NIHR
Phase 2 funding call. In particular, sample size, potential bias,
and approaches to mitigate bias will be identified, as well
as opportunities to utilize routine data to provide outcome
data for prospective studies. We aimed to develop liver
disease progression and features of mortality data relevant to
under-researched areas, including palliative care and networks
for advanced complex liver disease outside the liver transplant
setting. Approaches to identifying the risk factors for missed
opportunities in diagnosis will be implemented.

Therefore, it is anticipated that this analysis of liver health in
Wales will address the gaps in service provision and needs for
service development, utilizing research methodology to identify
the most appropriate methods. These potentially low-hanging
opportunities to bring about rapid and high-impact service
development will be implemented through the existing LDIG
network and the impact will be assessed through the Liver
Research Cymru partnership.

Prioritising and designing studies

Following the initial establishment of the Liver Research
Cymru partnership and the development of the liver disease
RRDA, a specific workstream will convene to identify spe-
cific research questions that can be enabled using the RRDA,
and how it could be potentially expanded and iteratively devel-
oped as new priorities are identified. The priority of these
questions and study design will reflect the newly formed part-
nerships within Wales and the clinical needs established in
the Liver Disease Implementation Group with patient advi-
sory group input. The key goal is to develop a research
application in the NIHR Phase 2 call, either as a standalone
or as part of a wider partnership. It is anticipated that the pri-
mary focus of this research will reflect the need to improve
the early diagnosis and screening of liver diseases in Wales.
Complementary research questions will incorporate i) model-
ling of the services required to meet the growing incidence of
liver disease, including assessment of cost-effectiveness, and
ii) identification and engagement with under-served groups
at increased risk of liver disease.

This work package will facilitate research prioritization
among partners and external stakeholders. Initial long lists of
research priorities will be identified from James Lind Alliance
Priority Setting Partnership Reports, The National Institute for
Health and Care Excellence (NICE) clinical guideline research
recommendations, national Special Interest Groups (SiGs), and
national liver disease delivery plans. They will be considered
in the context of data insights from Work Package 2 regard-
ing burden and need. Liver Research Cymru will also priori-
tize working with other groups funded by this call to deliver
appropriate research activity within Wales to maximize
recruitment.
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The public advisory group will hold a third meeting to pri-
oritize research questions from a patient/caregiver perspective
and reference the long lists identified. A fourth meeting of the
public advisory group will be held to gather patient/caregiver
input into the design of the proposed research and the final
grant application.

Prioritized research will be designed with methodological
input from the Centre for Trials Research, Centre for Health
Economics, Division of Population Medicine, Popula-
tion Data Science Group, Swansea University, and external
experts, as required. WP leads will link with existing health and
care research wholesale infrastructure, such as the Research
Support & Delivery Service, to design decentralized studies that
minimize the burden on participants and the NHS. This builds
on our experiences supporting the UK-wide PANORAMIC trial,
which recruited and followed up 25,000 people (1,800 in Wales)
from primary care in 5-months without face-to-face contact.
In the design of future studies, we will use our links with the
Population Data Science Group and the SAIL Databank, and
our substantial experience of using routine health data (includ-
ing NHS England, Clinical Practice Research Datalink (CPRD),
QResearch, etc.) to maximize the capture of participant infor-
mation, including patient-reported outcome measures, and fol-
low-up data from routine records (including data for health
economics), using SAIL as a dedicated TRE for studies that
recruit participants from outside Wales.

Therefore, Liver Research Cymru aims to develop a new research
network combining clinical hepatology experience with estab-
lished research expertise in Wales. The application and devel-
opment of the novel Liver Registry methodology within the
SAIL Databank will provide a unique liver disease RRDA
encompassing risk factors for primary and secondary care diag-
noses, prescribing, laboratory, geo-environmental, and mortal-
ity data. Methodology and preliminary data review by a broad
range of methodological experts will inform the develop-
ment of research projects as part of NIHR Phase 2 bids. Further
expansion to acquire and use UK-wide data will be explored,
with the SAIL Databank TRE being able to store and access
anonymized data from anywhere in the world. This project will
provide important epidemiological data relevant to the devel-
opment of hepatology services in Wales and across the UK in
the evolving post-COVID-19 environment.

Outcomes

Work Package 1: Building the research community

Two patients living with liver disease in Wales were members
of the core project team and involved in developing the grant
application. Both are experienced patient representatives:
(WillaimsWW) is a member of the established Liver
Disease Implementation Group (LDIG) living in the Cwm
Taf Morgannwg (CTM) Health Board area, and the other
(VincentAV) is a member of the Obesity Empowerment
Network and lives in the Aneurin Bevan University (ABUHB)
Health Board area.

An important aspect of WP1 is to facilitate the involvement
of patients in the research community. WW and AV advised
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that this would be best achieved with a dedicated Patient
Advisory Group (PAG), led by themselves, which could feed
into the main project team meetings, share their lived experi-
ences with the clinical team, and contribute to developing future
funding calls.

The British Liver Trust was instrumental in helping to recruit
six other patients to join the PAG via their extensive net-
work and a Wales-based officer. They advertised the opportu-
nity through regular groups and social media channels. Our aim
was to involve at least one patient from each of the seven health
boards in Wales to enable reflection on care in each area. In
line with the UK Standards for Public Involvement, we also
considered diversity within the group, including men, women,
and individuals with different liver-related conditions. Our
final group of eight provided representations from each health
board and consisted of four men and four women with a range
of conditions, including cirrhosis, Primary Biliary Cholangitis
(PC), Non-Fatty Liver disease (NAFLD), hemochromatosis,
autoimmune hepatitis (AIH), and alcohol-related liver disease.

The PPI lead (Nollett) conducted an individual telephone
induction with each PAG member, which covered their role,
mutual expectations, payments, and support and learning needs.
Members were signed to the free Health and Care Research Wales
training on public involvement in research and offered payment
for their time at the recommended rate of £25/hr. The individual
meetings provided an opportunity to establish rapport with
the patient and public lead and share their personal stories in
aone-to-one setting before sharing with the group.

Two PAG meetings were held. These were conducted online
to facilitate inclusivity and enable easy access for members
from a wide geographical area with chronic conditions that
might make travel difficult. They were facilitated by the PAG
lead (Nollett) and attended by the project leads (Yeoman &
Pembroke). The first PAG, held in month three of the project
(June 2023), was an opportunity to introduce group mem-
bers and establish working relationships. The project leads
(Yeoman, Pembroke) presented a background to the project
and liver disease research in Wales, and members were able to
share their lived experience with the project team. They were
reminded of the support provided by the British Liver Trust.

The second PAG meeting was held in month nine of the project
(December 2023). The project leads spoke about the data
expected from the SAIL resource and asked the group to
provide feedback on the list of comorbidities and labora-
tory tests that might indicate risk factors for liver disease. In
particular, individuals talked about their mental health in rela-
tion to liver disease, and how this can be both a result of, and
a contributor to, liver disease, and should be considered as a
trigger for identifying liver disease (e.g., obsessive compul-
sive disorder leading to alcohol use leading to liver disease).
This was enlightening for the project team and considered an
important avenue for further research. Individuals mentioned
problems such as depression, anxiety, insomnia, and fatigue.
They also reported experiencing stigma and shame both from
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their communities and from healthcare professionals, who
also discussed the liver disease-related questions being distrib-
uted through Health Wise Wales and the potential for research
partnerships with the University of Bournemouth.

Health Wise Wales is an online platform (http://healthwise-
wales.org) that helps connect researchers with over 40,000
registered participants in Wales to help answer specific ques-
tions in relation to their health on a given subject. A project
was developed using LDIG funding to generate a series of
questionnaires.

1)  What do I know about liver disease?
2) My risk of getting liver disease
3) How does having liver disease make you feel

4)  Stigma of liver disease

The survey period has recently been closed, and approxi-
mately 2,200 responses have been generated. Once the process
of analysis of this data has been concluded, the intention is to
incorporate the findings into WP3 activities.

PPI lead members (Vincent, Williams) attended monthly
project team meetings to provide feedback from the PAG
group and provide an ongoing patient perspective in project
planning.

Two unplanned activities were developed as a result of feedback
from the PAG meetings and led by the WW and AV. The
first was an informal meeting of the PAG held in month 6
(September 2023) with the aim of maintaining the group
connection and providing a space to meet and discuss life with
liver disease without the project team present. The second was
a survey of the PAG members, developed by AV and WW,
about the patient journey and quality of life, which led
to discussions about mental health in the second meeting.

Owing to delays in refining the clinical methodology and the
results from the study data from the SAIL Databank, the full
final results of the methodology could not be presented to the
PPI group prior to the end of the funding period. However,
since the initial work has been completed on the methodology
and results showing the RRDA cohort and demographic and
clinical characteristics, a final online event is planned for the
summer of 2024 to disseminate the results from the SAIL
methodologyand RRDA, seek further feedback, and maintain
an ongoing connection between clinical researchers and the
PAG toassist with potential future research projects.

The project team presented a poster at the Southwest Soci-
ety for Academic Primary Care conference in April, 2024. The
aim of attending and presenting the poster in the conference
was to highlight the work that the group had done and to look
to develop links with primary care-based researchers across the
UK. One member of the PAG was supported to present the
poster jointly with a member of the research team. He reflected:
“There was a steady flow of people taking an interest in the
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poster during the lunch and afternoon break. And I was glad of
the opportunity to speak about my own experience, how early
detection by my own doctor within primary care led to my
being alive today. Proof that early detection of liver disease
is crucially important in preventing this growing problem of
liver disease. Also, being in attendance at the conference was a
real eye opener for me as a patient, to see how much research
is being carried out on behalf of people like myself. Also, the
incredible pressures and strain that is put on primary care.
It made me more appreciative of the work that is being done in
research.”

The presented poster can be found in the supplementary
materials.

At the end of the project, the PAG members were invited to pro-
vide anonymous feedback on their involvement. One member
stated that more public involvement is required in liver disease
research. They suggested involving medical staff with the condi-
tions under study. Another member reported finding it difficult
to contribute to the meetings and was unsure what they could
add or say to the clinical team. They suggested having fewer
presentations per meeting and providing more information in
advance. This feedback will be considered and changes made
when PPI involvement is required for future projects.

Work Programme 2: Connecting and understanding the
data

The Liver Research Cymru partnership aimed to develop an
RRDA capitalizing on the previous Liver Disease Registry expe-
rience in Wales. In this study, we aimed to describe the inci-
dence and key characteristics of individuals with liver disease
in Wales, using a combination of anonymized individual-level,
linkable population-scale primary, secondary, and mortality
data. This study was undertaken through a partnership between
NHS hepatologists (Pembroke/Yeoman), Cardiff University
primary care epidemiologists (Ahmed/Davies), and Swansea
University data scientists (Akbari/Gao).

The Wales Liver Disease Registry methodology is based on
the International Classification of Diseases (ICD) version 10
(ICD-10) code mapping in the HepaHealth project (https://easl.
eu/publication/hepahealth-project-report/), a recent European-
wide epidemiological evaluation of risk factors and preventive
actions® and a 2021 expert panel consensus document’. Codes
reflecting the natural history of liver disease have previously
been defined to enable monitoring of disease progression over
time from underlying etiology (i.e., alcohol-related liver dis-
ease, hepatitis C infection) to cirrhosis, portal hypertension,
decompensation, liver cancer, and death’.

In this population-based observational study, individuals diag-
nosed with liver disease during our study period (01/01/2004
to 31/12/2022) were identified using the Secure Anonymized
Information Linkage (SAIL) Databank, which incorporates
Welsh Longitudinal General Practice (WLGP) primary care
data, Patient Episode Database for Wales (PEDW) secondary
care data, and Annual District Death Extract (ADDE) from the
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Office for National Statistics (ONS) mortality data. The SAIL
Databank is one of the richest anonymized individual-level,
population-scale trusted research environments (TRE) in the
world, containing a variety of health and social care, admin-
istrative, geo-environmental, and specialist data sources (sail-
databank.com Ford er al., 2009, Rodgers et al., 2012). SAIL
contains 86% primary care and 100% secondary care data
for all Welsh residents and those receiving NHS Wales
services. The wealth of information available in the SAIL
Databank includes lifestyle and clinical data (alcohol excess,
BMI, injecting drug use, smoking, and diabetes), prescribing
data, clinical results extracted directly from laboratory reporting
systems (e.g., abnormal liver function tests and thrombocytope-
nia), and environmental and socio-economic deprivation data.
ICD-10 codes were mappedto read codes to capture primary
SAIL with secondary care diagnoses of liver disease. Liver
disease diagnoses were drawn from three 3 sources; second-
ary care (PEDW), primary care (WLGP), and death certification
(ADDE). The overlap between these three sources is displayed in a
Venn diagram (Figure 1). Discrete prediagnosis stages of liver
risk factors, alcohol consumption, obesity, and metabolic syn-
drome diagnoses were defined to enable assessment of the
progression of liver disease in afurther extension of the Liver
Disease Registry methodology.

Outputs from Liver Research Cymru SAIL Partnership

1) The first interrogation of this RRDA was to describe key
clinical and sociodemographic features associated with liver
disease diagnosis, later-stage presentation, mortality on first
hospital admission, and disease progression.

Figure 2 shows the selection of participants from the PEDW,
WLGP, and ADDE data sources.

Between 2004 and 2022, 111,098 individuals diagnosed with
liver disease in Wales were included in this study. The incidence
of liver disease increased three-fold during the study period
(2004:97.7 per 100,000 individuals in 2004; 2022:316.2/100,000
individuals). A total of 79,992 individuals (72%) entered the
cohort with the etiologies of liver disease, including alcohol-
related liver disease (ArLD), non-alcoholic fatty liver disease
(NAFLD), viral hepatitis, metabolic, hemochromatosis, and
autoimmune liver diseases. NAFLD contributed to most of the
change in incidence, with an eleven-fold increase during the
study period (2004:10.8 per 100,000 individuals; 2022:120.4
per 100,000 individuals, Figure 3). We observed a high propor-
tion of individuals with onset comorbidities, such as hyperten-
sion (24,852 [23.7%]), diabetes (3,811[3.6%]), and CVD-related
conditions (4,998[4.8%]), over 10 years prior to their first
liver disease diagnosis. Furthermore, we noticed an increasing
number of incident cases identified from primary care data dur-
ing the past decades (14% in 2004 and 28% in 2022). This
work is currently being submitted for review by the European
Journal of Epidemiology. The results are shown in Figure 3.

2) We are currently finalizing a second study protocol to

further investigate changes in the frequency of primary care
diagnoses at an earlier stage of disease progression. In
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Figure 2. The selection of participants from PEDW, WLGP and

particular, we define the ability of data assets to assess the impact
of service improvement projects on a national scale. We are
refining our ability to do this by evaluating the abnormal ALL
LFT pathway. This pathway was implemented in a staggered
manner, allowing for the analysis of intervention and compa-
rator groups using data from the SAIL Databank across the
University Health Boards in Wales. This analysis will include
the clinical and cost-effectiveness outcomes. It is anticipated
that this analysis of liver health in Wales will identify gaps in
service provision and need for service development. These
potential low-hanging opportunities to bring about rapid and
high-impact service development will be implemented through
the NHS Wales Liver Disease Implementation Network.
Following this work, we will develop procedures to enable
rapid clinical and economic analyses of future pathways, not
just in Wales, but across the UK, using routinely collected
data and SAIL as the trusted research environment.

(3) We are currently developing protocols to assess the time to
diagnosis and disease progression. Linked primary care, sec-
ondary care, laboratory, pathology, and mortality data will
allow us to describe the clinical encounters from a first pres-
entation with a liver-related symptom to the first liver disease
diagnosis and assess the potential for earlier diagnosis and treat-
ment, as well as resource use and associated costs. The main
objectives of this work will be descriptive, aiming to better
understand the data, size, complexity, and value of repeated
measures, and to draw on expertise from other disease areas to

ADDE data.

define parameters of interest (e.g., code lists of agreed
liver-related symptoms, the period that most accurately reflects
time to diagnosis). We will use causal inference methods to
fully and robustly understand pathways for diagnosis and
treatment and identify areas for intervention.

Descriptive logistic regression models investigate a number
of potential explanatory variables, including (but not limited
to) social deprivation and difficulty in reaching geographic
locations (coastal and post-industrial towns and inner cities).
The description of features associated with the development
of compensated advanced chronic liver disease (cACLD) is
of particular interest. These patients are a key group for early
diagnosis in primary care, and these analyses will improve our
understanding of disease progression, (including HCC devel-
opment) and potentially lead to future research on appropriate
screening  strategies. Overall, these descriptive analyses
will help us to better understand who is at greater risk of liver
disease diagnoses and liver disease-related poor outcomes
and will inform subsequent funding applications to allow targeting
of the population most at need.

This data analysis will enhance our understanding of the natu-
ral history of liver disease and the cost of illness in Wales.
We aimed to develop liver disease progression and features of
mortality data relevant to under-researched areas, including pal-
liative care and networks for advanced complex liver disease
outside the liver transplant setting. Approaches to identifying
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the risk factors for missed opportunities in diagnosis will be
identified.

Work Programme 3: Prioritising and designing studies
Work packages 1 and 2 delivered the necessary objectives to
support work package 3 to lay the foundations for research
prioritization and future research delivery.

First, WP 1 built a network of colleagues with different exper-
tise and skills required to deliver liver disease research in
Wales.

Second, WP 2 used population-scale multi-source data to cre-
ate a highly characterized e-cohort of people in Wales with
liver disease. To date, this RRDA has been used to describe
the current landscape of liver disease in Wales, including the
prevalence and incidence of liver disease, socio-demographic
characteristics of this population, and a better understanding
of the etiology of liver disease in Wales over the last 18 years.
This work lays the foundation for rapid data analysis to address
new, emerging, and priority questions in liver disease research.

Research prioritisation

To develop and identify research priorities within liver dis-
ease, we reflected on the findings from Work Package 2 to iden-
tify the key themes and trends. and aligned these with key
priorities for clinicians, patients, and clinical guideline bod-
ies using NICE guidance and the James Lind Priority Setting
Partnership “Top 10°s.”

In this regard, alcohol related liver disease is recognised as a
priority area of research by the James Lind Alliance (JLA) Top
10s of priorities for research | James Lind Alliance (nihr.ac.uk).
The Priority Setting Partnership (PSP) with the JLA has iden-
tified 10 key priorities for further research on alcohol-related
liver disease. Work package 2 by Liver Disease Cymru iden-
tified significant increases in the prevalence of liver disease,
particularly alcohol- and non-alcohol-related liver disease.
Within the NICE Guidelines [NG50] Cirrhosis in over 16s:
assessment and diagnosis (2016), transient elastography (Fibro-
scan) is advised for men drinking over 50 units of alcohol per
week and women drinking over 35 units per week. At present,
this is an underutilized resource, and as a non-invasive test, it can
be used in primary care and community clinics to help identify
cirrhosis. We propose to explore the use of transient elastog-
raphy in people who drink alcohol at or above the level of
units specified by NICE in guideline NG50 in community set-
tings, with the aim of identifying its long-term impact on
rates of diagnosis and progression to advanced liver disease.
Furthermore, we believe that it is important to evaluate the
acceptability of an intervention of this nature in the at-risk pop-
ulation to understand the concerns and expectations of this
intervention. Therefore, we undertook a qualitative study of
the participants exposed to this intervention.

Involvement of stakeholders
Work done in WP1 has allowed us to build a network of exper-
tise, including a public and patient perspective, which includes
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individuals with lived experience of liver disease and char-
ity organization; a clinical perspective, including second-
ary and primary care; and academic expertise. This network
will allow us to strike the right balance and key priorities as a
research group to identify and explore further.

Capacity and capability

Work undertaken in other work packages now provides a plat-
form to allow liver research to be developed through meth-
odological work done within SAIL and delivered from Wales
and across the UK. Through this work, we have been able to
engage with other research groups across the UK to increase
our involvement in and input into liver disease research
throughout the UK and to draw potential research projects to
Wales. In particular, we have developed strong links with coun-
terparts in Scotland and have been involved in developing a
proposal for NIHR funding alongside the Scottish Hepatology
Access Research Partnership (SHARP).

software (https://www.nhsresearchscotland.org.uk/research-areas/
hepatology/sharp).

SHARP’s work is focused on the early detection of liver
disease, and in particular, on improving access to liver
services, which aligns with Liver Disease Cymru’s aims. We
propose the development of a tool using routinely collected
electronic health records (EHR) and linked data sources,
which will help identify the risk of emergency hospitalization
for liver disease (of any etiology) in the next 1, 3, and 5 years.
This would involve cross-national work with Scottish coun-
terparts and work alongside NHS Glasgow Safe Haven/
Robertson Centre for Biostatistics trusted research environ-
ments in Scotland and Digital Health Care Wales in Wales. This
collaborative approach will allow a robust analysis and evalu-
ation of the effectiveness of interventions across different
environments. Furthermore, later work packages will look to
determine the acceptability and implementation of this approach
with a number of different stakeholders and to evaluate
its economic impact.

In addition, we are collaborating with the Nottingham NIHR
Liver Disease Research Partnership This group is currently
applying for research funding to expand the KLIFAD (Knowl-
edge of Liver Fibrosis in Affects Drinking) project to open a
recruitment site in Wales (Aneurin Bevan University Health
Board).

Therefore, we anticipate that the work undertaken within the LRC
in WP 1 and 2 and the engagement with other funded research
partnerships supported by this work will allow the nascent
liver research community in Wales to “buddy up” with research
colleagues and organizations across Wales that can support
our ability to deliver research in this field as well as with more
established liver research groups across the UK.

Summary and conclusion

The NIHR grant provided a strong stimulus to link Hepatolo-
gists in Wales with the broader existing research environment
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across the nation. This process began with drawing together
the necessary expertise to submit the grant proposal, contin-
ued via the three programmes outlined above, and has created
a legacy that we hope to be able to build on.

In the short term, there remains a lack of dedicated research-
funded posts in Wales to apply for large-scale grants in isola-
tion; however, LRC partnerships have created a knowledge base
and connectivity that allows us to collaborate with other more
established academic centers. This is especially so in relation to
the SAIL data, where much of the funding was prioritized.

Ethical consideration

Approval for the use of anonymised data in this study, provi-
sioned within the Secure Anonymised Information Linkage
(SAIL) Databank, was granted by an independent Informa-
tion Governance Review Panel (IGRP) under project 1492. The
IGRP has a membership comprised of senior representatives
from the British Medical Association (BMA), the National
Research Ethics Service (NRES), Public Health Wales and Dig-
ital Health and Care Wales (DHCW). The usage of additional
data was granted by each respective data owner. The SAIL Data-
bank is compliant with General Data Protection Regulations
(GDPR) and the UK Data Protection Act.

All data were accessed via the SAIL Databank trusted research
environment (TRE) following approval from the independent
Information Governance Review Panel (IGRP). For data held
within SAIL under the core-restricted data — additional approv-
als are sought from their respective data owner as per the
data sharing agreement (DSA) in place with the data owners
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and SAIL. For our project have approval to the WCSU (Welsh
Cancer Intelligence Surveillance Unit - WCISU) and ICNC
(Intensive Care National Audit & Research Centre - ICNARC)
which were approved by Public Health Wales and ICNARC
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under the same legal basis as all other data accessed in SAIL by
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at Swansea University, Swansea, UK, but as restrictions apply,
they are not publicly available. All proposals to use SAIL data
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ance Review Panel (IGRP). Before any data can be accessed,
approval must be given by the IGRP. The IGRP -carefully
considers each project to ensure the proper and appropriate
use of SAIL data. When access has been granted, it is gained
through a privacy-protecting trusted research environment
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lowed by anyone who would like to access data via SAIL at
https://www.saildatabank.com/application-process.
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