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Abstract
Objective

To describe the incidence and key demographic, socioeconomic and clinical characteristics of

individuals with liver disease in Wales.

Design and setting

This study is designed as a retrospective observational study that linked data of anonymised identified
individuals from primary, secondary care and mortality data from the Secure Anonymised Information

Linkage (SAIL) Databank in Wales.

Participants

All Welsh residents who registered with a SAIL contributing general practitioner (GP) and diagnosed
with liver disease from 2004 to 2022.

Primary and secondary outcome measures

Our primary outcome is the annual age-standardised incidence rate of liver disease. Secondary outcome

is the numbers and frequencies of underlying aetiology and the associated comorbidities.

Results

Between 2004 and 2022, 111,098 individuals received a diagnosis of liver disease in Wales and were
included in this study. The incidence of liver disease increased three-fold during the study period (97.7
per 100,000 inhabitants in 2004 to 316.2 per 100,000 inhabitants in 2022). A total of 79,992 individuals
(72%) entered the cohort with the underlying aetiology of liver disease, including alcohol related liver
disease (ArLD), non-alcoholic fatty liver disease (NAFLD), viral hepatitis, metabolic,
hemochromatosis and autoimmune liver diseases. NAFLD has contributed to most of the change in

incidence.

Conclusions

We observed increasing incidence rates of liver disease in Wales, with NAFLD showing a particularly

sharp increase and frequently identified as an underlying condition. A better understanding of the
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epidemiology of liver disease is the first step towards effective prevention, early detection and targeted

intervention to improve patient outcomes.

Keywords Epidemiology; Hepatology; Non-alcoholic fatty liver disease hepatitis; Alcohol-related liver

disease; Cirrhosis

Word count: 3613
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Background

Liver disease is a significant global public health issue and a major contributor to morbidity and
mortality [1]. Globally, cirrhosis and hepatocellular carcinoma account for an estimated two million
deaths every year [2]. In the UK, liver disease has become the third most common cause of premature

death [3], despite mortality rates for other major non-communicable diseases declining [4].

The management of chronic liver disease frequently involves lifestyle modification, including weight
loss and reduced alcohol use, with the goal of reversing factors that can lead to disease progression [5].
As aresult, public health policies in the UK have focussed on prevention and early detection, including
the UK Government's Prevention Green Paper to promote the disease prevention [6], the National
Institute for Health and Care Excellence guidance that focused on tackling obesity [7], and a series of
policies to reduce alcohol-related harm [8]. In November 2022, the Welsh Government published a
Quality Statement for Liver Disease [9], underlying the importance of the awareness of risk factors and
early detection of liver disease, and set out its plans to promote the delivery of better quality, higher

value and more accessible services for individuals with liver disease.

To effectively improve liver disease management, clinicians, researchers and policymakers must be
aware of the epidemiology and clinical profile of the individuals with liver disease. However, a
significant gap remains in the integration of primary, secondary, and mortality data, particularly across
the different liver disease stages and aetiologies. To date, much of the epidemiological data is based on
ICD-10 coding, which is largely derived from secondary care data sources and is therefore likely to
underestimate the real-world incidence and prevalence of liver disease [10, 11]. This limitation
currently precludes adequate prioritisation of research, targeting of interventions, and recruitment of
individuals to clinical trials. Understanding the clinical and socio-demographic features associated with
liver disease in a large-scale population is essential for the improvement of disease prevention and

treatment.

The objective of our study is to describe the incidence of liver disease, as well as the key demographic
and socioeconomic characteristics and the associated comorbidity of liver disease patients in Wales, as

a first step towards improving capacity and capability for liver disease research.

Materials and method
Setting and data source

We used data from the Secure Anonymised Information Linkage (SAIL) Databank, which contains
anonymised, individual-level linked electronic health record (EHR) data for Welsh population [12, 13,
14, 15]. The SAIL Databank includes complete secondary care data and primary care data covering

approximately 86% of the Welsh population. These data reflect the demographic diversity of Wales
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across age, sex, and levels of deprivation [16] and can be generalizable to the boarder UK population
due to demographic similarities [17]. SAIL employs a split-file anonymisation process using National
Health Service (NHS) number, name, sex, date of birth and postcode, ensuring confidentiality while

enabling the linkage of individual-level data sources [13, 16, 18].

To provide a comprehensive overview of liver disease epidemiology, we combined linked primary care,
hospital admissions and mortality data. Primary care data was accessed from the Welsh Longitudinal
General Practice (WLGP) data, which currently uses the Read version 2 clinical coding system and
collects event histories for people registered with a SAIL-supplying general practice in Wales. Hospital
admission data, including in-patient admissions (emergency, elective and maternity) and day-care
procedures, were collected from the Patient Episode Database for Wales (PEDW). Mortality data came
from the Annual District Death Extract (ADDE) by the Office for National Statistics (ONS) death and
contains the cause of death and contributory comorbidities. Both hospital admission and mortality data
were coded using the International Classification of Diseases version 10 (ICD-10) system. We derived
demographic and deprivation data from the Welsh Demographic Service Dataset (WDSD) and used the
Welsh Index of Multiple Deprivation (WIMD) version 2019 quintiles to measure relative area-level
deprivation based on geographical residential location from the Lower-layer Super Output Area (LSOA)

version 2011.

Study population

We linked data from all individuals in the WLGP, PEDW, and ADDE data within the SAIL Databank
using a unique anonymised individual identifier known as Anonymised Linkage Field (ALF).
Individuals were extracted based on ALF and filtered for good data linkage status based on existing
methodology [13, 18]. We excluded individuals not registered with a SAIL-contributing general
practice (GP) or lacking residency information and identified those who received a liver disease
diagnosis from 1% January 2004 to 315 December 2022. The first liver disease diagnosis is considered
to be the index liver disease event. Individuals were required to be residents in Wales at the time of
cohort entry. GP registration was required if the index event was from WLGP. All individuals were
followed until the earliest of: GP de-registration, moving out of Wales, death, or the end of study period

(2022.12.31).

Measurements
Definition of stages of liver disease and time of cohort entry

We applied a hierarchy of 3 tiers of potential actiological diagnoses and 5 discrete stages of chronic

liver disease based on perceived clinical importance and natural history of liver disease progression as
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was described in our previous study [19]. The first stage is the underlying aetiological conditions
without the presentation of cirrhosis and was divided into 3 tiers. Tier 1 aetiologies of liver disease
include: alcohol-related liver disease (ArLD), non-alcoholic fatty liver disease (NAFLD), metabolic
liver disease, hepatitis B virus (HBV), hepatitis C virus (HCV), autoimmune liver disease,
haemochromatosis; tier 2 aetiologies include: unspecified hepatitis, congestive hepatopathy, and toxic
liver disease, and tier 3 aetiologies were other miscellaneous diagnoses. As the disease progresses,
various stages of liver disease were defined as follows: hepatic fibrosis and cirrhosis were categorised
as stage 2, portal hypertension as stage 3, hepatic decompensation as stage 4, and hepatocellular
carcinoma (HCC), intrahepatic cholangio carcinoma (ICC), and other primary liver cancers were
classified under stage 5. Acute liver diseases were analysed separately from chronic liver diseases as
they carry different challenges for primary and secondary care. Acute liver diseases were defined as
conditions including acute viral hepatitis, Budd-Chiari syndrome, acute liver failure, infections and
infarctions, and other unspecified acute liver injuries. A list of ICD-10 and Read v2 codes to identify

individuals with liver disease can be found in Supplemental Table 1.

We defined the time of the first chronic or acute liver disease diagnosis as the index date. To assess the
proportion of individuals with liver disease who presented late, the diagnoses were sequenced according
to the natural history of the disease: aetiological diagnoses (stage 1), followed by cirrhosis, portal
hypertension, decompensation and then HCC formation [19] (Supplemental Fig 1). To avoid duplicate
counting, we divided the full cohort into four distinct groups: PEDW-only group representing hospital
admission data, WLGP-only representing primary care data, ADDE-only group representing death

records data, and those included in two or more data sources.

Comorbidities and drug prescription history

We collected data on demographic characteristics ( age, sex, and WIMD 2019 quintile), with age
divided by birth year in 10-year intervals, except for the 0-17 age group and 18-29 age group.
Comorbidities including cardiovascular disease (CVD) related conditions (heart failure, transient
ischaemic, other ischaemic disease, atrial fibrillation, peripheral vascular disease, angina, and stroke),
diabetes, hypertension, and antihypertensive usage were recorded. These data were collected in time
frames of 1 year, 1-3 years, 3-5 years, 5-10 years, and over 10 years prior to cohort entry. A list of ICD-
10 and Read v2 codes to identify the associated conditions are available in our GitHub repository (URL:

https://github.com/SwanseaUniversityDataScience/1492-LDCP).

Incidence of liver disease
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The incidence rate was calculated as the number of incident cases per Welsh residents. An incident case
was defined as an individual having a first liver-related diagnosis during the study period (01.01.2004-
31.12.2022) with no prior liver disease history from 1% January 1994 to 315t December 2003. To
determine the most clinically significant aetiology, we only considered the most advanced stage of
diagnosis on incident event date. The Welsh population data was obtained from the ONS population
estimates [20]. The incidence rate was directly standardised using the European Union (EU) standard
population 2013 and were reported per 100,000 inhabitants in each calendar year from 2004 to 2022,
with corresponding 95% confidence intervals (CI). Analysis was repeated for different data sources,

liver disease aetiologies, and stages.

Study findings were reported in accordance with applicable reporting guidelines for observational
studies using administrative data (Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [21] and REporting of studies Conducted using Observational Routinely-
collected Data (RECORD) [22]. Data cleaning, cohort assembly and statistical analyses were performed
using Structured Query Language (IBM Db2 V.11.1) and R (V.4.1.0-V.4.1.3) within the SAIL

Databank privacy-protecting trusted research environment (TRE).

Patient and public involvement

The Liver Research Cymru Patient Advisory group was established to provide PPI input into the
development of research in Wales. The research questions and methodology addressed in this body of
work were developed following discussion of their priorities based upon their lived experience of liver
disease. The results were shared with this group and their feedback was sought in the interpretation and

presentation of these data.

Results
Demographic and socioeconomic characteristics

We identified a total of 111,098 individuals with liver disease from PEDW, WLGP, and ADDE data
sources from 2004.01.01 to 2022.12.31, contributing 441,885 person-years of follow-up (Fig 1A). Of
the eligible individuals, 57,491 (51.7 %) were male. The median (interquartile range [IQR]) age was 59
(47-72). Approximately 50% of the individuals (55,787) entered the cohort after 2016 and 27,178
(24.5 %) individuals came from the most deprived areas. Of the 111,098 individuals, 86,941 (78.2 %)
individuals were identified from PEDW, 42,783 (38.5%) from WLGP, and 18,122 (16.2%) from ADDE.
Furthermore, 56,710 (51%) can only be accessed from PEDW, 20,319 (18.3%) exclusively from WLGP,
3459 (3.1%) exclusively from ADDE, and 30,610 (27.5 %) could be accessed in multiple data sources
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(Fig 1B). The demographic variation is notable with a higher percentage of male and elderly individuals,

and a higher degree of socioeconomic deprivation in the ADDE-only group (Table 1).

Incidence of chronic liver disease

We observed an increasing trend of liver disease from 2004 to 2022 in the Welsh population. The age-
sex standardised incidence rate increased by 3 times during the 18 years of follow-up (97.7 per 100,000
inhabitants in 2004; 316.2 per 100,000 inhabitants in 2022, Table 2). This was significantly contributed
by a 6.5 times increase in the incidence rate of the WLGP-only group, followed by 4.4 times increase
in the PEDW-only group. The proportion of PEDW-only and WLGP-only incident cases increased by
14-16% during the past 2 decades (Fig 2A — 2B, Supplemental Table 2-1).

The incidence of liver disease has risen across all stages, with stage 2 (cirrhosis) and stage 3 diagnoses
(portal hypertension) experiencing the most notable increase from 2004 to 2022 (stage 2 by 4 times;
stage 3 by 3.9 times). However, the increases in the higher-stage liver disease cases were less
pronounced, particularly for stage 4 (1.5 times). Consequently, the proportion of more advanced liver
disease diagnoses decreased (stage 4 and stage 5: 8.6% in 2004, 5.3% in 2022, decreased by 1.62 times
since 2004, Fig 3A — 3B, Supplemental Table 2-2).

We further analysed the stage 1 aetiologies by each diagnosis. We observed the most notable increase
in the incidence of NAFLD (10.8 per 100,000 inhabitants in 2004, 124.5 per 100,000 inhabitants in
2022, increased 11 times since 2004), resulting a 3.4 time increase in the proportion and ultimately
accounting for over half of the cases by the end of our follow-up. Conversely, the proportion of ArLD
cases decreased by 71%, given that the incidence rate remained unchanged during the past 2 decades
(Fig 4A — 4B, Supplemental Table 2-3). A breakdown of NAFLD incidence by data sources
demonstrated the massive increases in both the PEDW-only and WLGP-only groups (PEDW-only by
17.7 times, WLGP-only by 14 times, Supplemental Table 3-1). In contrast, the increase in the incidence
of ArLD was notably larger in the WLGP-only group compared to the PEDW-only group (PEDW-only
increased by 1.4 times; WLGP-only increased by 3.2, Supplemental Table 3-2).

We did not observe an increasing trend for HBV and HCV. Both conditions fluctuated during the past
2 decades, with HBV cases increasing by 4.3 times and HCV cases 2.3 times from 2004 to 2017,
followed by a decrease from 2018 to 2022 (HBV by 1.7 times; HCV by 2.6 times). Consequently, the
proportion of HBV and HCV cases decreased from 2004 to 2022 (HBV by 2.3 times; HCV by 8.6 times,
Fig 4A — 4B, Supplemental Table 2-3).

Underlying liver disease conditions
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Of the 111,098 individuals with liver disease, 79,992 (72.0 %) entered the cohort due to a tier 1
aetiology. This was mainly contributed by the high prevalence of NAFLD (33,655 [30.3%]). Most
NAFLD cases were identified in WLGP-only group (13,565 [66.8 %]), and the least NAFLD cases in
ADDE-only group (727 [21.0 %]). This aligns with the distribution of individuals with tier 1 aetiology,
which’s proportion was the highest in WLGP-only group (18,453 [90.8 %]), and the lowest in ADDE-
only group (1,728 [50.0 %]). In contrast, tier 2 and tier 3 diagnoses were higher in PEDW-only group.
The proportion of advanced liver disease stages was lower in WLGP-only group (stage 3: 166 [0.8 %],
stage 4: 53 [0.3 %], stage 5: 121 [0.6 %]), but higher in ADDE-only group (stage 4: 276 [8.0 %], stage
5:473 [13.7 %]) (Table 3).

Comorbidities associated with liver disease

Amongst individuals who had liver disease diagnoses records within 1 year prior to cohort entry, 1,972
(1.8 %) individuals had onset hypertension or initiated an antihypertensive medication, followed by 707
(0.6 %) individuals who had onset diabetes, and 679 (0.6 %) individuals who had onset cardiovascular
disease (CVD) related conditions. These proportions of comorbidities increased as we expand the time
frame to 1-3 years (hypertension/antihypertensive: 2,924 [2.7 %]; diabetes: 766 [0.7 %]; CVD related
conditions: 727 [0.7 %]), 3-5 years (hypertension/antihypertensive: 2,849 [2.7 %]; diabetes: 694 [0.7 %];
CVD related conditions: 684 [0.7 %]), 5-10 years (hypertension/antihypertensive: 7.830 [7.4 %];
diabetes: 1,680 [1.6 %]; CVD related conditions: 1,835 [1.7 %]), and over 10 years
(hypertension/antihypertensive: 24,852 [23.7%]; diabetes: 3,811 [3.6 %]; CVD related conditions:
4,998 [4.8 %]) before cohort entry (Table 4).

Discussion

In this large-scale population-based study, we observed that the incidence of liver disease had increased
dramatically in Wales during the past two decades. Notably, NAFLD played a significant role in this

rise, with its incidence and proportion increasing sharply.

The rapid increase in the incidence rate of liver disease observed in our study is similar to our previous
findings in Wales [19], where a 3.6-fold increase was observed in the in-patient chronic liver disease
cases between 2001 and 2019, aligning with the trends presented in our PEDW data. This was mainly
driven by the 11-fold increase in NAFLD incidence. Other studies, such as P Nast's et al work in Sweden
[23], reported a 2-fold increase in the incidence rate of NAFLD during 2005-2019. Similarly, H Tian et
al [24] used data from the Global Burden of Disease study 2019 and showed an increase of 95.4% of
NAFLD globally from 1990 to 2019. A systematic review that included 578 studies demonstrated a
13% higher prevalence of NAFLD during the year 2011-2021 compared with year 2000-2010 [25]. A
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community study in the USA reported a 5-fold increase in the NAFLD incidence from 1997 to 2014
[26]. However, none of these findings compare to our observation in Wales. This substantial difference
may be partly attributed to our inclusion of primary care data, which experienced more rapid increase
than inpatient data and thus boosted the NAFLD incidence across the study population. The high
prevalence of obesity [27] and rapidly increasing incidence of diabetes [28] in Wales in the recent
decades may also have attributed to the sharp increase of NAFLD, as these metabolic factors including
obesity [29, 30] and insulin resistance were considered to be strongly linked to NAFLD due to metabolic
dysfunctions [31, 32]. This observation is further supported by our observation of autoimmune liver
disease, which is not linked to metabolic factors and remained unchanged during our study period,
highlighting the lifestyle-related nature of the increase in NAFLD. Another interesting observation
related to NAFLD is the high proportion of those with comorbidities. NALFD evolves in those with
metabolic syndrome, and these comorbidities are used to define the more recently adopted term
metabolic associated fatty liver disease [33]. In keeping with this definition of NAFLD, we observed a
high proportion of individuals having onset comorbidities such as hypertension, diabetes, CVD related
conditions up to 10 years prior to their first liver disease diagnosis. The multimorbidity amongst people
living with liver disease is anticipated considering the increasing incidence of NAFLD and the high
prevalence of obesity in Wales, and this will require engagement with primary care practitioners to
address their complex multidisciplinary healthcare needs and to identify those at risk of significant liver

disease early in the disease trajectory [34].

Contrary to previous European studies showing a decline in ArLD incidence [19, 35], our research
observed a resurgence after 2015 following a slight decrease from 2004 to 2014. We believe that
changes in drinking habits [36, 37] and government actions on alcohol pricing and taxation [38] likely
influenced the declining trend before 2015, while the resurgence after 2015 was contributed by the
inclusion of outpatient data from the WLGP-only group. The addition of WLGP patients could explain
the discrepancy in our results compared to the prior studies that focused solely on in-patients, filling the
gap by providing a broader perspective by including outpatient data [19, 35]. Similar to ArLD, the
incidence of HBV increased until 2017, then sharply dropped after the year of 2018. The observed
decrease in the incidence of HBV and HCV post-2020 could be attributed to the initiatives outlined in
the Welsh Health Circular, which seeks to meet the goal of eradicating HBV and HCV as a major public
health concern [39]. This trend may represent the effort in better case finding and eradication, which
led to reduced transmission for HCV, and enhanced vaccination and viral suppression for HBV [40].
Additionally, disruptions caused by the COVID-19 pandemic may also have played a role in this decline
[41].

It is worth to mention our observation on the increasing number of incident cases identified from
primary care data, particularly after 2015. This observation, together with the rapid increase in NAFLD

and ArLD incidence, indicated an increasing detection rate of liver disease in primary care at an early
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stage. This change might be attributed to the implementation of the Wales Liver Disease Delivery Plan,
which emphasised the importance of early detection and ensure that ‘excellent care’ is accessible when
necessary [42]. Another notable trend observed during our study period is the decreasing proportion of
severe late-stage presentations, such as hepatic decompensation. Additionally, we observed a declining
trend in the proportion of individuals who died from liver disease without receiving a prior diagnosis.
This is to say, despite the increasing incidence of liver disease, there is a promising indication that more
individuals were identified as the result of early detection. This provides the healthcare system with
more opportunities for early-stage intervention. However, it also challenges the system to identify those
at higher risk of developing further liver-related complications, given the increasing absolute number

of individuals requiring secondary care [43].

The strengths of our study are the national-scale setting and population-based cohort with long-term
follow-up, which allowed us to maximise the generalisability of our findings to the wider population.
By including both in-patient and outpatient data, we were able to expand our sample size by at least
20% and conduct a comprehensive analysis of the incident rate of liver disease, fostering a deeper
insight into its clinical implications. Our inclusion of outpatients within the primary care dataset is
essential for providing a more comprehensive scope in liver disease epidemiology, as these individuals
may present different clinical characteristics compared to those admitted to secondary care services.
This approach also helps address the under-recognition of the disease in other reports, offering a broader
and more thorough understanding of the disease's incidence. Another strength lies in the reproducibility
and the use of the SAIL Databank as a research-ready data asset (RRDA). By incorporating reproducible
research pipelines, we standardized and documented the cohort curation process. This enhances the
study's reliability and reproducibility, enabling other researchers to replicate our findings and explore
further research questions within the same framework. However, our study is vulnerable to several
limitations. Regulatory laws associated with the SAIL Databank prohibited the inclusion of conditions
classified as sensitive in our analysis. For instance, the sensitive Read codes for HBV and HCV could
not be extracted along with the rest of the cohort, resulting in potentially incomplete data for these
conditions, affecting the completeness and precision of our data analysis. Our study exclusively
included individuals who had a history of GP registration and residency information in Wales.
Consequently, we likely overlooked individuals were unable to register with a GP, a subpopulation that
represents a group at significant risk for liver disease. Furthermore, due to the observational nature and
design of our study, we were unable to establish causal relationships between the onset of liver disease

and other comorbidities.

Conclusion
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Our study observed a significant rise in the incidence of liver disease in Wales over the past two decades,
primarily driven by the increase in NAFLD. The high prevalence of comorbid conditions among liver
disease patients and the increased role of primary care in disease identification highlight the need for
integrated healthcare approaches to address this growing public health concern. It is therefore crucial
to focus more attention on early detection, lifestyle interventions, and comprehensive management of

both liver disease and its associated comorbidities.
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The national-scale population-based cohort and long follow-up maximized the generalizability of our

finding.

By incorporating both in-patient and outpatient data, the study not only expanded the sample size but
also enabled a thorough analysis of liver disease incidence, enhancing understanding of its clinical

implications.

With the usage of SAIL Databank as the research-ready data asset and the incorporation of reproducible

research pipelines, this study strengthened its reliability and reproducibility.

Sensitive Read codes for conditions like HBV and HCV could not be included due to regulatory laws,

impacting the completeness and precision of the data analysis.

The study only included individuals with a history of GP registration and residency information in

Wales, likely overlooking a subpopulation at significant risk for liver disease
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https://phw.nhs.wales/publications/publications1/prevention-diagnosis-and-treatment-of-blood-borne-viruses-in-wales-hepatitis-b-hepatitis-c-and-hiv/
https://www.gov.wales/sites/default/files/publications/2018-12/liver-disease-delivery-plan-2015-to-2020.pdf
https://www.gov.wales/sites/default/files/publications/2018-12/liver-disease-delivery-plan-2015-to-2020.pdf
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Figure Legends

Fig. 1 Flowchart of study population selection (Fig.1A) and Venn diagram of study cohort
composition (Fig.1B)

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract

Fig. 2 Changes in Standardised Incidence per 100,000 Inhabitants by Data Source (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by data sources. The x-axis represents time in years, and the y-axis represents incidence
rate in Fig.2A, percentages in Fig.2B

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract

Fig. 3 Changes in Standardised Incidence per 100,000 Inhabitants by Stages (2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by stages. The x-axis represents time in years, and the y-axis represents incidence rate in
Fig.3A, percentages in Fig.3B

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract

Fig. 4 Changes in Standardised Incidence per 100,000 Inhabitants by Liver Disease Aetiologies
(2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by aetiologies. The x-axis represents time in years, and the y-axis represents incidence rate
in Fig.4A, percentages in Fig.4B

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract; ArLD: alcohol related liver disease; NAFLD: non-
alcoholic fatty liver disease; HBV: hepatitis B virus; HCV: hepatitis C virus

* ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies (ArLD, NAFLD,
HBV, HCV, metabolic, hemochromatosis and autoimmune liver diseases) and one of them was ArLD;
Non-ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies but none of
them was ArLD.
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Tables
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Table 1. Demographic and socioeconomic characteristics of liver disease patients

Demographic

characteristics

Sex

Male

Female

Age

0-17

18-29

30-39

40-49

50-59

60-69

70-79

80+

Cohort entry year

Full group, N =

111,098/

57,491(51.7%)

53,607(48.3%)

1,445(1.3%)

5,862(5.3%)

10,109(9.1%)

15,370(13.8%)

22,799(20.5%)

23,264(20.9%)

19,189(17.3%)

13,060(11.8%)

PEDW only group,

N = 56,710’

27,558(48.6%)

29,152(51.4%)

814(1.4%)

3,486(6.1%)

5,099(9.0%)

6,316(11.1%)

9,332(16.5%)

11,026(19.4%)

11,335(20.0%)

9,302(16.4%)

WLGP only group,

N =20,319/

10,478(51.6%)

9,841(48.4%)

342(1.7%)

1,447(7.1%)

2,520(12.4%)

3,744(18.4%)

5.356(26.4%)

4271(21.0%)

2,117(10.4%)

522(2.6%)

ADDE only group,

N = 3,459/

2,019(58.4%)

1,440(41.6%)

<10 (<0.3%)

<40 (<1.2%)

143(4.1%)

421(12.2%)

705(20.4%)

758(21.9%)

693(20.0%)

702(20.3%)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Two or more data

sources, N = 30,610/

17,436(57.0%)

13,174(43.0%)

<290 (<1.0%)

<900 (<0%)

2,347(7.7%)

4,889(16.0%)

7,406(24.2%)

7,209(23.6%)

5,044(16.5%)

2,534(8.3%)
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Demographic

characteristics

2004-2007

2008-2011

2012-2015

2016-2019

2020-2022

WIMD 2019

quintiles

1, most deprived

5, least deprived

'n(%)

Full group, N =
111,098/

17,099(15.4%)

17,554(15.8%)

20,658(18.6%)

30,448(27.4%)

25,339(22.8%)

27,178(24.5%)

24,391(22.0%)

21,066(19.0%)

19,619(17.7%)

18,844(17.0%)

BMJ Open

PEDW only group,

N =56,710'

7,345(13.0%)

8,484(15.0%)

10,682(18.8%)

15,521(27.4%)

14,678(25.9%)

14,012(24.7%)

12,411(21.9%)

10,802(19.0%)

9,855(17.4%)

9,630(17.0%)

WLGP only group,

N =20,319/

1,949(9.6%)

2,513(12.4%)

3,109(15.3%)

6,683(32.9%)

6,065(29.8%)

4,417(21.7%)

4,203(20.7%)

3,828(18.8%)

3,949(19.4%)

3,922(19.3%)

ADDE only group,
N = 3,459/

617(17.8%)

705(20.4%)

731(21.1%)

749(21.7%)

657(19.0%)

928(26.8%)

858(24.8%)

647(18.7%)

545(15.8%)

481(13.9%)
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Two or more data

sources, N = 30,610’

7,188(23.5%)

5,852(19.1%)

6,136(20.0%)

7,495(24.5%)

3,939(12.9%)

7,821(25.6%)

6,919(22.6%)

5,789(18.9%)

5,270(17.2%)

4,811(15.7%)

Abbreviations: PEDW: Patient Episodes Dataset for Wales, WLGP: Welsh Longitudinal General Practice
dataset, ADDE: Annual District Deaths Extract, WIMD: Welsh Index of Multiple Deprivation
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Table 2. Crude and standardised incidence of chronic liver disease from 2004 to 2022

Year

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Wales

population

3,131,640

3,105,633

3,104,483

3,087,732

3,083,840

3,081,366

3,077,165

3,072,739

3,073,788

3,071,058

3,070,928

3,063,758

3,049,971

3,038,872

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Incident

cases

3,060

3,403

3,670

3,537

3,867

4,008

4,268

4,519

4,546

4,733

5,145

5,659

6,548

6,981

Crude

incidence

97.7

109.6

118.2

114.6

125.4

130.1

138.7

147.1

147.9

154.1

167.5

184.7

214.7

229.7

BMJ Open

Crude 95% CI

943 to 101.2

10591to0 113.3

114.4 to 122.1

110.8to 118.4

121.5t0 129.4

126.1 to 134.2

134.6 to 142.9

142.8 to 151.4

143.6 to 152.3

149.8 to 158.6

163.0 to 172.2

179.9 to 189.6

209.5 t0 220.0

2244 t0 235.2

STD

incidence

97.7

109.4

118.7

115.1

126.3

131.7

140.6

149.9

150.6

158.0

172.5

192.2

225.7

2432

STD 95% CI

94210 101.3

105.7 to 113.2

114.9 to 122.6

111.3t0 119.0

122.3 to 130.4

127.7 to 135.9

136.4 to 144.9

145.5 to 154.4

146.3 to 155.1

153.5t0 162.6

167.7t0 177.3

187.2t0 197.4

220.2t0 231.3

237.4 to 249.1
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Year

2018

2019

2020

2021

2022

Wales

population

3,025,867

3,006,299

2,985,668

2,969,309

2,957,422

Incident

cases

7,953

8,481

7,327

9,136

8,596

Crude

incidence

262.8

282.1

245.4

307.7

290.7

BMJ Open

Crude 95% CI

257.1 t0 268.7

276.1 to 288.2

239.8 to 251.1

301.4to314.1

284.5 t0 296.9

Abbreviation: STD: standardised; CI: confidence interval
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STD

incidence

279.1

301.2

264.0

332.0

316.2

STD 95% CI

272.9 t0 285.4

294.8 to 307.8

257.8 t0 270.2

325.0to 338.9

309.4 to 323.1
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Phenotype

Chronic liver disease

Stage 1 - tier 1

- ArLD

- NAFLD

- Metabolic liver

disease

- HBV

-HCV

- Autoimmune

liver disease

Haemochromatosis

- ArLD overlap

- Non ArLD

overlap

Stage 1 - tier 2

Full group,
N =111,098'

79,992(72.0%)

19,760(17.8%)

33,655(30.3%)

5,469(4.9%)

1,063(1.0%)

3,539(3.2%)

13,582(12.2%)

4,111(3.7%)

799(0.7%)

371(0.3%)

6,111(5.5%)

BMJ Open

PEDW-only

group,
N =56,710'

35,102(61.9%)

4,566(8.1%)

13.,444(23.7%)

3,887(6.9%)

905(1.6%)

2,697(4.8%)

9,060(16.0%)

<940(<1.7%)

158(0.3%)

228(0.4%)

4,906(8.7%)

Table 3. The underlying liver disease conditions at cohort entry

WLGP-only

group,

N =20,319/

18,453(90.8%)

2,116(10.4%)

13,565(66.8%)

782(3.8%)

0(0.0%)

0(0.0%)

815(4.0%)

1,209(6.0%)

15(0.1%)

<20(<0.1%)

81(0.4%)

ADDE-only

group,
N = 3,459/

1,728(50.0%)

887(25.6%)

727(21.0%)

69(2.0%)

0(0.0%)

13(0.4%)

199(5.8%)

<10(<0.2%)

173(5.0%)

<10(<0.2%)

127(3.7%)
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Two or more data

sources,

N =30,610'

24,709(80.7%)

12,191(39.8%)

5,919(19.3%)

731(2.4%)

158(0.5%)

829(2.7%)

3,508(11.5%)

1,958(6.4%)

453(1.5%)

123(0.4%)

997(3.3%)
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Phenotype

- Hepatitis not
specified

- Congestive

hepatopathy

- Toxic liver

disease

Stage 1 - tier 3

- Miscellaneous

Stage 2

- Hepatic fibrosis

- Cirrhosis

Stage 3

- Portal

hypertension

Stage 4

- Hepatic

decompensation

Stage 5

Full group,
N =111,098'

4,783(4.3%)

574(0.5%)

757(0.7%)

8,426(7.6%)

8,426(7.6%)

4,562(4.1%)

261(0.2%)

4,301(3.9%)

3,040(2.7%)

3,040(2.7%)

3,221(2.9%)

3,221(2.9%)

2,233(2.0%)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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PEDW-only

group,

N =56,710'

3,867(6.8%)

514(0.9%)

526(0.9%)

8,132(14.3%)

8,132(14.3%)

1,664(2.9%)

135(0.2%)

1,529(2.7%)

2,171(3.8%)

2,171(3.8%)

2,517(4.4%)

2,517(4.4%)

341(0.6%)

WLGP-only

group,

N =20,319/

11(0.1%)

<10(<0.1%)

68(0.3%)

36(0.2%)

36(0.2%)

506(2.5%)

64(0.3%)

442(2.2%)

166(0.8%)

166(0.8%)

53(0.3%)

53(0.3%)

121(0.6%)

ADDE-only

group,

N = 3,459/

102(2.9%)

<10(<0.2%)

21(0.6%)

37(1.1%)

37(1.1%)

690(19.9%)

<10(<0.2%)

682(19.7%)

43(1.2%)

43(1.2%)

276(8.0%)

276(8.0%)

473(13.7%)

Two or more data

sources,

N =30,610’

803(2.6%)

<60(<0.2%)

142(0.5%)

221(0.7%)

221(0.7%)

1,702(5.6%)

<60(<0.2%)

1,648(5.4%)

660(2.2%)

660(2.2%)

375(1.2%)

375(1.2%)

1,298(4.2%)
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Full group,
Phenotype N =111,098'
- Hepatocellular
) 748(0.7%)
carcinoma
- Intrahepatic
cholangio 1,455(1.3%)
carcinoma
- Other primary
) 39(0.0%)
liver cancer
Acute liver disease
Acute liver
3,513(3.2%)

disease

- Acute viral
1,898(1.7%)

hepatitis
- Budd-Chiari 184(0.2%)
- Acute liver
27(0.0%)
failure
i 1,343(1.2%)
Infection/infarction
- Other non-
specified acute 71(0.1%)

liver injuries

"'n(%)

Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B

virus; HCV: hepatitis C virus

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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PEDW-only

group,

N =56,710'

83(0.1%)

232(0.4%)

26(0.0%)

1,877(3.3%)

962(1.7%)

144(0.3%)

0(0.0%)

757(1.3%)

<20(<0.1%)

WLGP-only

group,

N =20,319/

71(0.3%)

47(0.2%)

<10(<0.1%)

903(4.4%)

761(3.7%)

<10(<0.1%)

<30(<0.2%)

62(0.3%)

45(0.2%)

ADDE-only

group,

N = 3,459/

86(2.5%)

387(11.2%)

<10(<0.2%)

85(2.5%)

<10(<0.2%)

<20(<0.1%)

0(0.0%)

67(1.9%)

0(0.0%)

Two or more data

sources,

N =30,610’

508(1.7%)

789(2.6%)

<10(<0.1%)

648(2.1%)

<180(<0.6%)

20(0.1%)

<10(<0.1%)

457(1.5%)

<10(<0.1%)
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Table 4. Comorbidities associated with liver disease

Phenotype Within 1 year’

Number of patients who had

111,089
diagnoses records
CVD related conditions 679(0.6%)
Diabetes 707(0.6%)
Hypertension/antihypertensive 1,972(1.8%)

In 1-3 years’

106,817

727(0.7%)

766(0.7%)

2,924(2.7%)

In 3-5 years’

104,625

684(0.7%)

694(0.7%)

2,849(2.7%)

In 5-10 years’

106,361

1,835(1.7%)

1,680(1.6%)

7,830(7.4%)

Abbreviation: CVD: cardiovascular disease; COPD: chronic obstructive pulmonary disease

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Over 10 years’

104,817

4,998(4.8%)

3,811(3.6%)

24,852(23.7%)
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Fig. 2 Changes in Standardised Incidence per 100,000 Inhabitants by Data Source (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and percentages
by data sources. The x-axis represents time in years, and the y-axis represents incidence rate in Fig.2A,
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Record the tier 1 diagnosis as index event,
the date of cohort entry as index day

ArLD, NAFLD, metabiolic liver disease, HBY, HCV, autoimmune liver disease,
haemochromatasis, ArLD overlap. non-ArLD everlap

1 O Is there a tier 1 diagnosis
threughout the disease progression?

Is there a tier 2 diagnosis
the disease progressi

Record the stage 3 diagnosis as index event,
1 7 the date of cohort entry as index day

18

Is there a stage 3 diagnosis
throughout the disease progression?

NO

24 Is there a stage 4 diagnosis
throughout the disease progression?

Record the stage 2 diagnosis as index event,
the date of cohort entry as index day

hepatic flrasis, cirrhesis

the date of cohort entry as index day

YES Record the stage 4 diagnosis as index event,

3 2 hepatic decompansation

YES

Record the stage 5 GIBGI\M[S as index event,
the date of cohort entry as index day

hepat chota oma,

Is there a stage 5 diagnosis
throughout the disease progression?

NO

NO

Record the acute liver diagnosis as index
event, the date of cohort entry as index day

‘acute viral hepatits, buddChiarl, scute Iiver failure, infectioninfarction
‘other non-specfied acute lver njuries.

Record the tier 2 diagnosis as index event,
the date of cohort entry as index day

hepatits not specified, cangastive hepacapathy, taxic lver disease

NO

Is there a tier 3 di

throughout the disease progression?

Is there a stage 2 diagnosis
throughout the disease progression?

NO

Record the tier 3 diagnosis as index event,
the date of cohort entry as index day

miscellzneous

44 Supplemental Fig. 1 Flowchart for Identifying Index Events and Determining Cohort Entry

46 Date.

53 2004 and 2022. The actiological diagnoses throughout the disease progression were identified as the

This flowchart illustrates the decision rules for identifying the index event and determining the cohort

entry date for study participants. The index date is defined as the date of the first diagnosis between

55 index event entering the cohort. If no aetiological diagnosis is present, the index event is defined

57 based on the following sequence: stage 2 diagnoses, stage 3 diagnoses, stage 4 diagnoses, and stage 5

59 diagnoses.
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The decision flow proceeds as follows:

Tier 1 Diagnosis: If present at any point during the disease progression, the tier 1 diagnosis is
recorded as the index event, and the date of the cohort entry is the index day. Tier 1 diagnoses include
ArLD, NAFLD, metabolic liver disease, HBV, HCV, autoimmune liver disease, and
haemochromatosis.

Tier 2 Diagnosis: If there is no tier 1 diagnosis, the presence of a tier 2 diagnosis is checked. If
present, it is recorded as the index event, and the date of cohort entry is the index day. Tier 2
diagnoses include hepatitis not specified, congestive hepatopathy, and toxic liver disease.

Tier 3 Diagnosis: In the absence of tier 1 and tier 2 diagnoses, the presence of a tier 3 diagnosis is
checked. If found, it is recorded as the index event. Tier 3 diagnoses include miscellaneous
conditions.

Stage 2 Diagnosis: If none of the Stage 1 diagnoses are present, the presence of a stage 2 diagnosis is
considered. If found, it is recorded as the index event. Stage 2 diagnoses include hepatic fibrosis and
cirrhosis.

Stage 3 Diagnosis: If no stage 1 or stage 2 diagnoses are present, a stage 3 diagnosis is checked next.
If found, it is recorded as the index event. Stage 3 diagnoses include portal hypertension.

Stage 4 Diagnosis: If the stage 1, stage 2, and stage 3 diagnoses are absent, a stage 4 diagnosis is
checked. If present, it is recorded as the index event. Stage 4 diagnoses include hepatic
decompensation.

Stage 5 Diagnosis: If no above diagnoses are found, a stage 5 diagnosis is considered. If found, it is
recorded as the index event. Stage 5 diagnoses include hepatocellular carcinoma, intrahepatic
cholangiocarcinoma, other primary liver cancer.

Acute Liver Diagnosis: If none of the chronic diagnoses are present, an acute liver diagnosis is
checked. If found, it is recorded as the index event. Acute liver diagnoses include acute viral hepatitis,

Budd-Chiari, acute liver failure, infections/sepsis, and other non-specified acute liver injuries.
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BMJ Open

Phenotype

ICD10 codes

Read codes

Acute viral hepatitis

Acute liver failure

Budd-Chiari

Infection/infarction

Other non-specified acute liver

injuries

Autoimmune liver disease

Haemochromatosis

Metabolic liver disease

HBV~

HCV*

Alcohol-related liver disease

Non-alcoholic fatty liver disease

Hepatitis not specified

Congestive hepatopathy

Toxic liver disease

Miscellaneous

Hepatic fibrosis

Cirrhosis

Portal hypertension

B15,B19, B16, B17 (B171 excluded), B172,

B178,B179, B180, B159, B169, B199

K720

1820

K750, K763, K751

K752

K754, K743, K831, K753

E831

E880, E830

B181,B180

B182

K70

K760, K7581

K769, K7589, K73

K761, K762, K765

K71

K764, K768, K77

K740, K741, K742

K703, K744, K745, K746, K749

K766, 181, 1859, 1982, 185

A70z1, AyuB0, XE2u., Q4090, A700., A701.,
A7052, A70.., A706., A708., A709., A70z., A70G.,

A704., AyuB3

J6000

G820.

J62..,J620., 16200, J6201, J6202, J6203, 16204,

1620z, A053.,J634., J621.

J63y1

J63B.,J6141,J6160, J6617, J63X.

C3500

C3762, C3761, C3510

AT0E., A70F.

J613.,16130, J612.,J6120, J610.,J617.,16170, J611.

J61y1, J61y8

Jyu72,J614y

J630., J636., J637.

J635., 16350, J6351, J63252, 16353, 16354, J6355,

16356, 16357, J635X

J638., Jyu73, J63yz, Jyu75

J61y4, 161y6, I61y5

J6161, J616z, J6152

J623., G81.., G8523, G852., G8521, G8522, G852z
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Hepatic decompensation K721, K767,1850, K72, C220 J624., SP143, G850., G8520, J625., B1503, BB5D7,
BB5D5, BB5D8
Hepatocellular carcinoma C220 B1503, BB5D7, BB5SD5, BB5DS
(HCC)
Intrahepatic cholangio C221 B150.
carcinoma (ICC)
Other primary liver cancers C222, C223, C224, C225, C226. C227 B808.

*We identified Read codes(A7071, A7073, ZV02B, Q4091, 43B4., A7070, A7051, A7072, A70z0,

AT70A., A70B., A70C., A70D., A70E.,A70F., ZV02C) and ICD-10 codes (B180, B181, B182) for

HBYV and HCV. However, in order to complain with Data Protection Act 2018 and the UK General

Data Protection Regulation, we could not include Read codes (A7071, A7073, ZV02B, Q4091, 43B4.,

A7070, A7051, A7072, A70z0, A70A., A70B., A70C., A70D., ZV02C) and ICD-10 codes (B171) as

these were flagged as sensitive in the latest version of known sensitive code list of SAIL Databank.
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Supplemental Table 2-1. Standardised incidence rate of liver disease by data sources (2004 to 2022)

PEDW only group WLGP only group ADDE only group Two or more data sources
TS T e S T smesear S ampesa S aposiar
2004 41.2 (38.9t0 43.5) 13.5 (12.2to0 14.9) 3.8 (3.1t0 4.5) 39.2 (37.1t0 41.5)
2005 49.6 (47.2t0 52.1) 15.3 (13.9t0 16.8) 3.8 (3.1t04.5) 40.7 (38.5t0 43)
2006 54.4 (51.9t0 57.1) 16.1 (14.7 to 17.6) 3.7 (3.1t0 4.5) 44.4 (42.1t0 46.9)
2007 54.8 (52.2t0 57.5) 13.9 (12.6t0 15.3) 4.5 (3.7t05.3) 41.9 (39.6 to 44.3)
2008 59.3 (56.6 to 62.1) 18.0 (16.5 to 19.6) 5.5 (4.7t06.4) 435 (41.2t045.9)
2009 63.9 (61.1 to 66.9) 18.5 (17 t0 20.1) 5.5 (4.7t06.5) 43.7 (41.4t0 46.2)
2010 67.4 (64.5 to 70.4) 21.7 (20.1t0 23.4) 5.6 (4.7t06.5) 459 (43.5t0 48.4)
2011 74.1 (71.1 to0 77.3) 23.6 (21.8t025.4) 5.1 (4.31t06) 47.1 (44.7 t0 49.6)
2012 76.3 (73.2t0 79.5) 21.5 (19.9t023.2) 5.5 (4.7t06.4) 473 (44.9t0 49.9)
2013 82.7 (79.4 to 86) 22.3 (20.6 to 24.1) 6.0 (5.1t06.9) 47.1 (44.6 t0 49.6)
2014 90.3 (86.9 to 93.8) 26.2 (24.4t028.1) 6.1 (53t07.1) 49.8 (47.3t052.4)
2015 99.1 (95.5 t0 102.8) 322 (30.2 to 34.3) 6.2 (53t07.2) 54.7 (52.1t0 57.5)
2016 115.9 (112 to 120) 45.1 (42.7 to 47.6) 6.4 (5.5t07.4) 58.3 (55.5t0 61.1)
2017 122.9 (118.8t0 127.2) 48.9 (46.4 to 51.5) 6.5 (5.5t07.5) 64.9 (62 to 67.9)
2018 141.0 (136.5t0 145.5) 62.5 (59.7 to 65.5) 7.1 (6.1t08.2) 68.5 (65.5t0 71.7)
2019 157.6 (152910 162.4) 71.4 (68.4 to 74.6) 6.4 (54t07.4) 65.8 (62.8 t0 68.9)
2020 153.3 (148.5t0 158.1) 50.2 (47.6 t0 52.8) 8.7 (7.6109.8) 51.9 (49.2 to 54.7)
2021 197.5 (192.1 to 203) 73.4 (70.2 to 76.6) 7.5 (6.5 t0 8.6) 53.5 (50.8 to 56.4)
2022 182.1 (176.9t0 187.4) 88.6 (85.1t092.1) 7.9 (6.9t09.1) 37.6 (35.2t0 40.1)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 2-2 Standardised incidence rate of liver disease by disease stages (2004 to 2022)

a 0} Buipnjoul ‘1ybruAdoo Aq |

=
o
©
1]
3
N
o
N
&
o
(]
w
w
w
a1
o
ju
Year Stage 1 Stage 2 Stage 3 Stage 4 5\ Stage 5
STD incidence STD 95% CI STD incidence STD 95% CI  STD incidence STD 95% CI  STD incidence ST ) Sn"_/lo(;;ﬁl STD incidence STD 95% CI
o) M ]
2004 70.3 (67410 73.3) 5.8 (5t06.7) 5.1 (4310 6) 4.9 2L P 2.7 (2.1103.3)
D a'<
2005 79.6 (76.4 to 82.8) 6.8 (5.9 10 7.8) 5.2 (4410 6) 53 [CRT= )1 2.9 (2.3103.6)
(1]
3N
2006 86.9 (83.6 10 90.3) 7.1 (6.2 10 8.1) 6.3 (5.5107.3) 6.2 (5‘330’307.33 35 (2.9 t0 4.2)
— U
2007 84.0 (80.8 to 87.4) 75 (6.5 10 8.5) 5.7 (4.9 10 6.6) 6.4 (S.thg?.% 35 (291t04.2)
n—n-.c 2
2008 92.3 (88.9 10 95.9) 8.1 (7.1109.2) 8.2 (7.3109.3) 5.7 (4.%0?6@) 44 (3.7105.2)
[ONeN
2009 97.8 (94.3 to 101.4) 8.6 (7.6 10 9.7) 7.6 (6.6 t0 8.6) 6.4 (s.iffj& 4.1 (3.4 10 4.9)
o>
2010 106.0 (102.3 t0 109.7) 8.1 (7.1t09.1) 8.3 (7.3 10 9.4) 6.5 (5.3(%%) 3.6 (29104.3)
EX%)
2011 111.6 (107.8 to 115.5) 10.1 (©to11.3) 8.4 (74 109.5) 6.6 (5.367.5 46 (39105.5)
-3
2012 1123 (108.5t0 116.1) 9.5 (8.4 10 10.7) 8.2 (7.2 10 9.3) 6.6 (5.-B07. 47 (410 5.6)
= 3
2013 115.4 (111.6 to 119.4) 103 (9.1t0 11.5) 8.9 (7.9 t0 10.1) 7.4 (680 83) 6.0 (5210 7)
2 T
2014 127.9 (123.9 to 132.1) 11.6 (10.4 to 12.9) 9.4 (8.4 t0 10.6) 7.1 (6.8t0 83 53 (4.5106.2)
- o
Q
2015 141.9 (137.6 to 146.3) 14.0 (12.7 to 15.5) 125 (11.2 to 13.8) 6.5 (5.6 73 6.3 (54107.3)
(@]
%) o
2016 170.5 (165.7 to 175.3) 16.2 (14.7 t0 17.7) 13.2 (11.9 to 14.7) 8.1 (7.§t’0 93 6.4 (5.5t07.5)
2017 185.5 (180.5 to 190.6) 17.8 (16.2 t0 19.4) 13.5 (12.2 to 14.9) 8.0 %953 6.7 (5.7t07.8)
g [
(9]
2018 2129 (207.5 t0 218.4) 21.6 (19.9 to 23.4) 147 (13.3 10 16.2) 9.2 (8.1% 10%) 73 (6.3 10 8.5)
-
2019 231.8 (226.2 to 237.6) 22.1 (20.4 to 24) 17.8 (16.2 to 19.5) 8.9 (7.8%) 103) 6.6 (5.7 10 7.6)
Q o
2020 201.7 (196.3 to 207.1) 19.5 (17.8 t021.2) 14.3 (12.9 to 15.8) 8.9 (7.8%0 1039) 7.7 (6.6 10 8.9)
T
2021 263.0 (256.9 t0 269.3) 21.6 (19.9 to 23.5) 18.3 (16.7 t0 20.1) 8.2 (7.2 to 9.@ 7.9 (6.8t09.1)
«Q
2022 2447 (238.7 t0 250.7) 23.5 (21.6 t0 25.5) 19.9 (18.2t0 21.8) 75 (6.4 10 8, 8.7 (7.6 to 10)
(@]
Abbreviation: STD: standardized; CI: confidence interval oy
o
=
«Q
Q
©
=.
Qo
c
(¢
. . . . s o
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Supplemental Table 2-3, Standardised incidence rate of liver disease by aetiologies (2004 to 2022) 5 S
«Q
2 &
Year ArLD NAFLD Metabolic HBV HCV Autoimmune  Haemochromatosis ArLD Non- Hegatitlg Congestive Toxic Miscellaneous
liver liver disease overlap ArLD @ S hepatopathy liver
disease overlap sp&iﬁeg disease
- =
(DS
STD STD STD STD STD STD STD incidence STD STD 'S_E["ﬁ N STD STD STD incidence
incidence incidence incidence incidence incidence incidence (95% CI) incidence incidence in@%q% incidence incidence (95% CI)
95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95(%/0(jl);ﬁ'I (95% CI) (95% CI)
— U
2004 22.0(20.3 10.8 (9.6 44(3.7t0 06(04t0 3.0(2.4t0 144 (13.2to 3.2(2.6t03.9) 03(02to 04(0.2to 3.6&2@@ 0.6 (0.4 to 1.8(1.3t0 53(4.5t06.1)
to 23.7) to 12) 5.2) 0.9) 3.7) 15.8) 0.6) 0.7) g% =1 0.9) 2.3)
S5 = o
2ad
o< @
2005  21.7(20.1 14.0(12.7 4739to 06(03t0 29(2.3to0 18.4 (16.9 to 4.0(3.3t04.8) 04(02t0 04(02t0 4.0933 6 0.5(0.3to 23 (1.8t 5.8(5t06.7)
to 23.5) to 15.4) 5.5) 1) 3.5) 19.9) 0.7) 0.7) g% g 0.8) 2.9)
=m3
2006 219202 179(16.4 51(44t0 07(04t0 39@32to 17.7 (16.2 to 5.1 (4.3t06) -- 0.8 (0.5 to 4.B(410~ 0.6 (0.3 to 19(1l4to 63(54107.2)
to 23.6) to 19.5) 6) 1.1) 4.7) 19.2) 1.2) (_36) _g 0.9) 2.5)
2007 223206 17.1(15.7 51(44t0 06(04t0 2.8(22to 17.1 (15.7 to 43(3.6t05.1) -- 0.8 (0.5 to 4.9:54.2 2] 0.6 (0.3 to 1.6(1.2to0  6.5(5.6t07.5)
to 24) to 18.6) 6) 1) 3.5) 18.6) 1.2) S8) %. 0.9) 2.1)
S5 O
2008 20.2(18.6  21.2(19.6 4.8 (4to 0.8(0.5t0 3.8(3.1to 20.1 (18.6 to 4.8 (41t05.6) -- 0.6(04t0 6.335.4 2] 0.8 (0.5 to 12(09to 7.4 (6.5t08.4)
to 21.9) t0 22.9) 5.6) 1.2) 4.6) 21.8) 1) 9.2) o 1.2) 1.7)
8 3
S 2.
2009 21.1(195 233(21.6 5547t 07(04t0 32(2.6to 23.8(22.1to 5.6 (4.8 t0 6.6) 05(02to0 05(03t0 4598t 0.6(03to1]) 1.0(0.7to  7.5(6.6 to 8.6)
to 22.8) to 25.1) 6.4) 1.1) 4) 25.6) 0.8) 0.9) %.-3) g 1.4)
2010 209192  28.8(269 52(44t0 08(05t0 3427t 259 (24.1to 5.7 (4.9 t0 6.6) 03(0.2to 0.5(03to 5.3§4.5 @ 0.7 (0.4 to 09(0.6to 7.8(6.81038.8)
to 22.6) to 30.8) 6) 1.1) 4.1) 27.7) 0.6) 0.8) 82 < 1.1) 1.3)
8 c
=
2011 18.8(17.3  32.6(30.6 6.4 (5.5t 1.3 (0.9 to 363 to 24.4 (22.7 to 5.8(5t06.7) 04(02to 0.6(04to 5.%(5 téD 0.4 (0.2 to 1.5(1.1to 9.8 (8.7to 11)
t0 20.4) to 34.7) 7.4) 1.8) 4.4) 26.3) 0.7) 1) %8) L 0.7) 2)
Q
2012 17.3(159  32.6(30.6 81(7.1to0 0.8(0.5t0 42@3.5to 23.0(21.3to 6.3(5.5t07.3) 04(02to 0.6(04to 6.2@5.3 ® 0.8 (0.5 to 14(1to 10.3(9.2to
to 18.9) to 34.7) 9.2) 1.2) 5.1) 24.8) 0.7) 1) 1) o 1.2) 1.9) 11.6)
2013 17.8(16.3  36.0(33.9 8.6 (7.5to 1.0 (0.7 to 4.7 (4 to 18.4 (16.9 to 5.8(5t06.7) 04(02to 0.6(04t0 8.3(7.3 0.8 (0.5 to 1.1 (0.7 to 11.9 (10.7 to
to 19.4) to 38.2) 9.7) 1.5) 5.6) 20) 0.7) 1) 9.4) 1.2) 1.5) 13.2)
2014  17.3(159 452428 84(74t0 0.7(04t0 57(49to 17.8 (16.3 to 6.5(5.6t07.4) 03(02to 0.8(0.5t0 7.8(6.8 0.9 (0.6 to 1.0 (0.6 to 15.6 (14.2 to
to 18.9) to 47.7) 9.5) 1.1) 6.6) 19.3) 0.6) 1.1) 8.9) 1.3) 1.4) 17.1)
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2015

2016

2017

2018

2019

2020

2021

2022

17.8 (16.3
to 19.4)

18.7(17.2
t0 20.3)

20.3 (18.6
t0 22)

19.8 (18.2
t0 21.5)

21.7 (20 to
23.5)

19.9 (18.3
t0 21.6)

22.2(20.4
to 24)

224207
t0 24.2)

547 (52.1
to 57.5)

69.5 (66.6
t0 72.6)

81 (77.7 to
84.3)

100.5
(96.9 to
104.3)

114.9
(110.9 to
118.9)

90.1 (86.6
t0 93.7)

129.6
(1254 to
133.9)

124.5
(120.4 to
128.8)

9.0 (7.9 to
10.2)

12,6 (11.3
to 14.1)

11.8 (10.5
to 13.2)

12.6 (11.3
to 14.1)

13.0 (11.6
to 14.5)

11.5 (10.2
to 12.9)

14.1 (12.7
to 15.7)

152 (13.7
to 16.9)

0.9 (0.6 to
1.4)

1.9(1.4to
2.5)

2.6 (2to
3.2)

2.0(1.5t0
2.5)

252t
3.2)

1.6(1.2to0
22)

1.7 (13 to
2.3)

1.2 (0.9 to
1.7)

52(@44t0
6.1)

6.9 (6 to
8)

7.0 (6.1 to
8.1)

59(5to
6.9)

5.6(4.81t0
6.6)

51(43t0
6)

3.6(2.9to
43)

23 (1810
3)

19.8 (18.2 to
21.5)

19.8 (182 to
21.6)

18.5 (16.9 to
20.2)

20.3 (18.6 to
22.1)

20.3 (18.6 to
22.1)

16.2 (14.7 to
17.9)

19.4 (17.7 to
21.2)

17.0 (15.5 to
18.7)

BMJ Open

6.0 (52 t07)

7.6 (6.6 10 8.7)

7.6 (6.6 10 8.7)

8.5 (7.4 10 9.6)

8.9 (7.8 to 10.1)

7.8 (6.8 t0 8.9)

8.4 (7.4 10 9.6)

9.2 (8 to 10.4)

0.4 (02 to
0.7)

0.6 (0.4 to
1)

0.9 (0.6 to
1.3)

0.8 (0.5 to
1.2)

0.8 (0.5 to
1.2)

0.6 (0.4 to
1)

0.5(0.2 to
0.8)

0.4(02to
0.8)

0.5 (0.2 to
0.8)

1.0 (0.7 to
1.4)

1.0 (0.7 to
1.5)

1.0 (0.7 to
1.4)

0.8 (0.5 to
1.2)

0.9 (0.5 to
1.3)

14 (1to
1.9)

1.3 (09 to
1.8)
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1.0 (0.6 to
1.4)

1.2 (0.8 to
1.7)

12 (0.9 to
1.7)

1.4 (0.9 to
1.9)

1.5(1t02)

1.6(12to
2.2)

1.4 (0.9 t0 2)

1.7(12t0
2.4)

1.1 (0.7 to
1.6)

1.2 (0.8 to
1.6)

1.3(09to
1.7)

1.7(12t0
2.2)

1.2 (0.8 to
1.6)

1.8(1.3to
2.4)

1.5(1.1to
2.1)

1.2(0.8 to
1.7)

17.0 (15.6 to
18.6)

19.4 (17.7 to
21.1)

21.1(19.4 to
22.9)

26.1 (24.2 to
28.1)

27.9 (259 to
30)

31.6 (294 to
33.9)

42.9 (40.4 to
45.5)

335(31.2t0
35.9)

QD
Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B ViruszviH
2

standardised; CI: confidence interval
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Supplemental Table 3-1, Standardised incidence rate of NAFLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% STD STD 95% CI
incidence incidence incidence CI incidence
2004 3.4 (2.8t04.1) 4.2 (3.5t05) 0.5 (0.3100.8) 2.7 (2.1t03.3)
2005 4.6 (3.9t05.4) 52 (44t06.1) 0.3 (0.2 t0 0.6) 39 (3.2t04.6)
2006 6.0 (5.2t07) 72 (6.31t08.3) -- -- 4.4 (3.7t05.3)
2007 6.1 (52t07) 6.7 (5.8t07.7) 0.3 (0.2t0 0.6) 4.0 (3.3t04.8)
2008 6.0 (5.1t06.9) 10.4 (9.2t0 11.6) 0.6 (0.4 t0 0.9) 4.2 (3.5t05)
2009 6.6 (5.71t07.6) 10.7 (9.6 to 12) 0.6 (0.3t00.9) 5.4 (4.61t06.3)
2010 6.8 (5.9t07.8) 14.9 (13.5t0 16.3) 0.7 (0.4to01.1) 6.4 (5.6t07.4)
2011 9.8 (8.7to 11) 154 (14t0 16.9) 0.4 (0.2t00.7) 7.0 (6.1t08)
2012 11.6 (10.4 t0 12.8) 13.8 (12.5t0 15.2) 0.4 (0.2t00.7) 6.9 (6t07.9)
2013 13.0 (11.8to 14.4) 15.2 (13.8t0 16.7) 1.0 (0.7t0 1.4) 6.7 (5.8t07.7)
2014 17.6 (16.2t0 19.2) 18.2 (16.7 to 19.8) 1.1 (0.7to 1.5) 8.2 (72109.3)
2015 21.0 (19.4 t0 22.8) 233 (21.6 t0 25.1) 1.0 (0.7t0 1.4) 9.4 (8.3 t0 10.6)
2016 242 (22.4 t0 26) 325 (30.5 to 34.7) 1.2 (0.8 to 1.6) 11.7 (10.5 to 13)
2017 29.7 (27.7t0 31.7) 35.7 (33.6to 38) 1.3 (0.9t0 1.8) 14.2 (12910 15.7)
2018 389 (36.7 to 41.3) 453 (42.8 t0 47.8) 1.6 (1.1to2.1) 14.7 (13.4t0 16.2)
2019 45.1 (42.7 t0 47.7) 53.4 (50.8 t0 56.2) 1.6 (1.2t02.1) 14.7 (13.3t0 16.2)
2020 45.0 (42.5 t0 47.6) 34.0 (31.9t036.2) 1.9 (1.4t02.5) 9.1 (8.1t010.3)
2021 65.2 (62.2 to 68.3) 52.9 (50.2 to 55.6) 1.5 (1.1to2.1) 10.0 (8.8t0 11.2)
2022 60.5 (57.6 t0 63.5) 58.7 (55.9 t0 61.6) 1.5 (1.1to2) 39 (3.2t04.7)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 3-2, Standardised incidence rate of ArLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% CI STD STD 95% CI
incidence incidence incidence incidence
2004 43 (3.6t05.1) 3.0 (241t03.7) -- - 14.3 (13 to 15.8)
2005 49 (42t05.8) 2.7 (22t03.4) 0.6 (03t01) 134 (12.1to 14.8)
2006 5.0 (43t05.9) 2.7 (2.1t03.3) 0.3 (0.2t0 0.6) 13.8 (12.5t0 15.2)
2007 5.4 (4.6t06.3) 2.3 (1.8t02.9) 0.6 0.4t01) 14.0 (12.7t0 15.4)
2008 4.8 (4.1t05.7) 2.0 (1.5 t02.6) 0.7 (04to01.1) 12.7 (11.4to 14)
2009 5.7 (4.8t06.6) 2.1 (1.6 t0 2.6) 0.9 (0.6t0 1.3) 12.5 (11.2t0 13.8)
2010 5.1 (4.3t06) 25 (1.9t03.1) 0.9 (0.6t0 1.3) 12.5 (11210 13.8)
2011 4.5 (3.8t05.3) 2.5 (1.9to03.1) 0.7 (0.4t01.1) 11.1 (9.9t0 12.4)
2012 4.7 (3.9t05.5) 1.8 (1.4t02.4) 0.7 (04to01.1) 10.1 9to11.3)
2013 4.8 (4 t05.6) 2.0 (1.5t02.6) 0.6 04t01) 10.4 (92t0 11.6)
2014 4.7 (39t05.5) 22 (1.7t0 2.8) 0.6 0.4t01) 9.9 (8.8t 11.1)
2015 44 (3.7t05.3) 2.3 (1.8t03) 0.7 (04to01.1) 104 (9.2t0 11.6)
2016 4.7 (3.9t05.5) 3.9 (3.2t04.7) 0.9 (0.6t0 1.3) 9.3 (8.2t0 10.4)
2017 43 (3.6t05.1) 4.5 (3.7t05.3) 0.6 0.4t01) 10.9 (9.7 to 12.1)
2018 43 (3.5t05.1) 52 (44t06.1) 0.7 04t01) 9.7 (8.6 t0 10.9)
2019 4.8 (4.1t05.7) 5.6 (4.8t06.6) 1.0 (0.6t0 1.4) 10.3 (92t0 11.6)
2020 5.4 (4.6t06.4) 5.0 (42t05.9) 1.1 (0.7to 1.5) 8.4 (7.3t09.5)
2021 4.8 (4t05.7) 7.5 (6.5t0 8.6) 1.3 (0.9t0 1.8) 8.5 (7.5t09.7)
2022 6.1 (52t07.1) 9.7 (8.5t0 10.9) 1.1 (0.8t0 1.6) 5.5 (4.7t06.5)

Abbreviation: STD: standardized; CI: confidence interval
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Lead author
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Co-author(s)

Haroon Ahmed, Ashley Akbari, Katherine Cullen, Aled Davies, Deborah
Fitzsimmons, Kerry Hood, Tom Pembroke, Andrew Yeoman

Objective

We aim to describe incidence rate and the key clinical and sociodemographic
features associated with the cohort of individuals diagnosed with liver disease in the
population of Wales.

» We will describe the creation and methodology of the Liver Disease Cymru
Partnership (LDCP) cohort and document the process and methodology.

» We will report the standardised incidence rate of liver disease in the
population of Wales

» We will describe the underlying liver disease condition, demographic and
socioeconomic characteristics, and clinical features of the individuals
diagnosed with liver disease

Study design

The study is designed as retrospective observational study.

The study cohort will include all individuals who are residents in Wales and
registered with a SAIL providing general practice (GP), and were diagnosed with
liver disease within the study period.

A list of phenotypes to identify liver disease diagnoses is available in the
Supplementary Materials.

All missing key identifiers and linkage fields will be cleaned, and any rows/records
will be removed, with other missing data reported as unknown.

Coverage:

The study period is between 2004-01-01 to the most recent available data (currently
2022-12-31).

For all individuals identified within the cohort study, we will extract all available
data back to 1994-01-01 to track for prevalent conditions and services received in
all data sources.

Data sources

The following data sources have been approved for access by this project from the
SAIL IGRP:

ADDE - Annual District Death Extract

CCDS - Critical Care Dataset

CNIS - Cancer Network Information System Cymru (CANISC)
CVSP - COVID-19 Shielded People list

CVVD - COVID Vaccine Data

EDDS - Emergency Department Dataset

ICNC - Intensive Care National Audit & Research Centre (ICNARC)
OPDW - NHS Hospital Outpatients

PATD - COVID-19 Pathology Test results

PEDW - Patient Episode Database for Wales
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RTDS - Radiotherapy Data Set

SACT - Systemic Anti-Cancer Therapy Dataset

WCSU - WCISU (Welsh Cancer Intelligence Surveillance Unit)
WDSD - Welsh Demographic Service

WLGP - GP Primary Care — Audit

WRRS - Wales Results Reporting Service

Exposure of interest

Liver disease diagnoses during study period (2004.01.01 —2022.12.31)

Methodology

Liver disease aetiologies

We applied a hierarchy of 3 tiers of potential actiological diagnoses and 5 discrete
stages of chronic liver disease based on perceived clinical importance and natural
history of liver disease progression as was described in our previous study. A list of
ICD-10 and Read v2 codes to identify liver disease in different stages and tiers can
be found in supplemental table 1.

Outcome of interest

Incidence rate of liver disease

Our primary outcome is the incidence rate of liver disease. The incidence rate of
liver disease will be reported in each calendar years by different data sources, liver
disease actiologies, and liver disease stages.

Underlying condition

We defined the first chronic or acute liver disease diagnosis during study period as
the index event. However, some individuals may present earlier stage or aetiological
diagnoses late due to delay of test results. Therefore, we define the lowest tier/stage
of liver disease diagnosis throughout the disease progression as the underlying liver
disease condition. The decision rules of identifying underlying conditions are
available in supplemental fig 1.

Demographic characteristics and clinical features

We collected data on demographic characteristics such as age, sex, and WIMD 2019
quintile.

The collected clinical features include cardiovascular disease (CVD) related
conditions (heart failure, transient ischaemic, other ischaemic disease, atrial
fibrillation, peripheral vascular disease, angina, and stroke), diabetes, hypertension,
and drug prescription such as antihypertensive usage. The code list for identifying
associated comorbidities can be found in our GitHub repository (URL:
https://github.com/SwanseaUniversityDataScience/1492-LDCP).

Statistical analysis

Descriptive statistics:

We will apply descriptive analysis to report the number and frequency of
demographic characteristics, underlying liver disease conditions, and associated
comorbidities.

Incidence of liver disease:

The incidence rate was calculated as the number of incident cases divided by the
number of Welsh residents. An incident case was defined as an individual having a
first liver-related diagnosis during the study period (01.01.2004-31.12.2022) whilst
having no prior liver disease history from 1st January 1994 to 31st December 2003.
The incidence rate was directly standardised using the European Union (EU)
standard population 2013 and age categorised into five-year age bands. The crude
and standardised incidence rates were reported per 100,000 inhabitants in each
calendar year from 2004 to 2022 with corresponding 95% confidence intervals (CI).
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Output plan:

This protocol and specification will lead to an academic output submitted to a peer-
reviewed journal (the decision on uploading a pre-print is to be decided by the group
after completion of the work and at the time of submission).

This document can be shared with all project members and other suitable invited
stakeholders, which the project team feels is appropriate to provide their input into
planning the work and resulting output. All draft reports while the work is in iterative
development will be shared with the project team, along with the final output for
input and opt-in for authorship before submission.

Results will be reported according to the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines [2].
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Supplemental Table 1 Code list for identifying liver disease

BMJ Open

Stage Tiers Conditions ICD-10 codes Read code
Stage 1 Tier 1 Autoimmune liver disease K754, K743, J63B.,J6141,
K831, K753 J6160, J6617,
J63X.
Haemochromatosis E831 C3500
Metabolic liver disease E880, E830 C3762, C3761,
C3510
HBV B181, B180 A7071, A7073,
ZV02B, Q4091,
43B4., A7070,
A7051
HCV B182 AT70E., A70F.,
A7072, A70z0,
A70A., A70B.,
A70C., A70D.,
ZV02C
Alcohol-related liver disease K70 J613.,J6130,
(ArLD) J612.,J6120,
J610.,J617.,
J6170,J611.
Non-alcoholic fatty liver K760, K7581 J6lyl, J61y8
disease (NAFLD)
Tier 2 Hepatitis not specified K769, K7589, Jyu72, J614y
K73
Congestive hepatopathy K761, K762, J630.,J636.,
K765 J637.
Toxic liver disease K71 J635., 16350,
J6351,J63252,
J6353, J6354,
J6355, J6356,
J6357,J635X
Tier 3 Miscellaneous K764, K768, J638., Jyu73,
K77 J63yz, Jyu75
Stage 2 Cirrhosis K703, K744, J6161, J6162,
K745, K746, J6157
K749
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Hepatic fibrosis K740, K741, Joly4, Jo1y6,
K742 J61y5
Stage 3 Portal hypertension K766, 181, J623., G8l..,
1859, 1982, 185 G8523, G852.,
G8521, G8522,
G852z
Stage 4 Hepatic decompensation K721, K767, J624., SP143,
1850, K72 G850., G8520,
J625.
Stage 5 Hepatocellular carcinoma C220 B1503, BB5D7,
(HCO) BB5DS5, BB5DS
Intrahepatic cholangio C221 B150.
carcinoma (ICC)
Other primary liver cancers C222, C223, B80S.
C224, C225,
C226. C227
Acute Acute viral hepatitis B15,B19, B16, A70z1, AyuBO0,
liver B17,B172, XE2u., Q4090,
disease B178,B179, A700., 43B5.,
B180, B159, A701., A7052,
B169, B199 A70.., A706.,
A708., A709.,
A70z., A70G.,
A704., AyuB3
Budd-Chiari syndrome 1820 G820.
Acute liver failure K720 J6000
Infections and infarctions K750, K763, J62..,1620.,
K751 J6200, J6201,
16202, J6203,
J6204, 1620z,
A053.,J634.,
J621.
Other unspecified acute liver K752 J63yl

injuries
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Record the tier 1 diagnosis as index event,
the date of cohort entry as index day
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B, HCY, autcimmune liver disease,
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throughout the disease progression?

Is there a tier 2 diagnosis
the disease prog

Record the stage 3 diagnosis as index event,
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the date of cohort entry as index day
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VS
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fecompensation
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the date of cohort entry as index day

hepatoceliuar caranoma, intrahegati cholanga carcinoma,
ner grimary liver cancer

NO

Is there a stage 5 diagnosis
throughout the disease progression?

NO

Record the acute liver diagnosis as index
event, the date of cohort entry as index day

acute viral hepatits, budd
ather non-

Norvintarction,

The decision flow proceeds as follows:

diagnoses, stage 3 diagnoses, stage 4 diagnoses, and stage 5 diagnoses.

Record the tier 2 diagnosis as index event,
the date of cohort entry as index day

hepatits nat specified, congestive hepatapathy, taxi lver disease

NO

Is there a tier 3 di;

throughout the disease progression?

Is there a stage 2 diagnosis
throughout the disease progression?

NO

Record the tier 3 diagnosis as index event,
the date of cohort entry as index day

miscellzneous

Supplemental Fig. 1 Flowchart for Identifying Index Events and Determining Cohort Entry Date.

index event, and the date of the cohort entry is the index day. Tier 1 diagnoses include ArLD, NAFLD,

metabolic liver disease, HBV, HCV, autoimmune liver disease, and haemochromatosis.
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This flowchart illustrates the decision rules for identifying the index event and determining the cohort entry date
for study participants. The index date is defined as the date of the first diagnosis between 2004 and 2022. The
aetiological diagnoses throughout the disease progression were identified as the index event entering the cohort.

If no aetiological diagnosis is present, the index event is defined based on the following sequence: stage 2

Tier 1 Diagnosis: If present at any point during the disease progression, the tier 1 diagnosis is recorded as the
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Tier 2 Diagnosis: If there is no tier 1 diagnosis, the presence of a tier 2 diagnosis is checked. If present, it is
recorded as the index event, and the date of cohort entry is the index day. Tier 2 diagnoses include hepatitis not
specified, congestive hepatopathy, and toxic liver disease.

Tier 3 Diagnosis: In the absence of tier 1 and tier 2 diagnoses, the presence of a tier 3 diagnosis is checked. If
found, it is recorded as the index event. Tier 3 diagnoses include miscellaneous conditions.

Stage 2 Diagnosis: If none of the Stage 1 diagnoses are present, the presence of a stage 2 diagnosis is
considered. If found, it is recorded as the index event. Stage 2 diagnoses include hepatic fibrosis and cirrhosis.
Stage 3 Diagnosis: If no stage 1 or stage 2 diagnoses are present, a stage 3 diagnosis is checked next. If found, it
is recorded as the index event. Stage 3 diagnoses include portal hypertension.

Stage 4 Diagnosis: If the stage 1, stage 2, and stage 3 diagnoses are absent, a stage 4 diagnosis is checked. If
present, it is recorded as the index event. Stage 4 diagnoses include hepatic decompensation.

Stage 5 Diagnosis: If no above diagnoses are found, a stage 5 diagnosis is considered. If found, it is recorded as
the index event. Stage 5 diagnoses include hepatocellular carcinoma, intrahepatic cholangiocarcinoma, other
primary liver cancer.

Acute Liver Diagnosis: If none of the chronic diagnoses are present, an acute liver diagnosis is checked. If
found, it is recorded as the index event. Acute liver diagnoses include acute viral hepatitis, Budd-Chiari, acute

liver failure, infections/sepsis, and other non-specified acute liver injuries.
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Abstract
Objective

To describe the incidence and key demographic, socioeconomic and clinical characteristics of

individuals with liver disease in Wales.

Design and setting

This study is designed as a retrospective observational study that linked data of anonymised identified
individuals from primary, secondary care and mortality data from the Secure Anonymised Information

Linkage (SAIL) Databank in Wales.

Participants

All Welsh residents who registered with a SAIL contributing general practitioner (GP) and diagnosed
with liver disease from 2004 to 2022.

Primary and secondary outcome measures

Our primary outcome is the annual age-standardised incidence rate of liver disease. Secondary outcome

is the numbers and frequencies of underlying aetiology and the associated comorbidities.

Results

Between 2004 and 2022, 111,098 individuals received a diagnosis of liver disease in Wales and were
included in this study. The incidence of liver disease increased three-fold during the study period (97.7
per 100,000 inhabitants in 2004 to 316.2 per 100,000 inhabitants in 2022). A total of 79,992 individuals
(72%) entered the cohort with the underlying aetiology of liver disease, including alcohol related liver
disease (ArLD), non-alcoholic fatty liver disease (NAFLD), wviral hepatitis, metabolic,
hemochromatosis and autoimmune liver diseases. NAFLD has contributed to most of the change in

incidence.

Conclusions

We observed increasing incidence rates of liver disease in Wales, with NAFLD showing a particularly

sharp increase and frequently identified as an underlying condition. A better understanding of the

2
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incidence of liver disease is the first step towards effective prevention, early detection and targeted

intervention to improve patient outcomes.

Keywords Epidemiology; Hepatology; Non-alcoholic fatty liver disease hepatitis; Alcohol-related liver

disease; Cirrhosis

Word count: 3894
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Strengths and limitations of this study

o The national-scale population-based cohort and long follow-up maximized the generalizability
of our finding.

e By incorporating both in-patient and outpatient data, the study not only expanded the sample
size but also enabled a thorough analysis of liver disease incidence, enhancing understanding
of its clinical implications.

e With the usage of SAIL Databank as the research-ready data asset and the incorporation of
reproducible research pipelines, this study strengthened its reliability and reproducibility.

o Sensitive Read codes for conditions like HBV and HCV could not be included due to regulatory
laws, impacting the completeness and precision of the data analysis.

e The study only included individuals with a history of GP registration and residency information

in Wales, likely overlooking a subpopulation at significant risk for liver disease

4
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Background

Liver disease is a significant global public health issue and a major contributor to morbidity and
mortality [1]. Globally, cirrhosis and hepatocellular carcinoma account for an estimated two million
deaths every year [2]. In the UK, liver disease has become the third most common cause of premature

death [3], despite mortality rates for other major non-communicable diseases declining [4].

The management of chronic liver disease frequently involves lifestyle modification, including weight
loss and reduced alcohol use, with the goal of reversing factors that can lead to disease progression [5].
As aresult, public health policies in the UK have focussed on prevention and early detection, including
the UK Government's Prevention Green Paper to promote the disease prevention [6], the National
Institute for Health and Care Excellence guidance that focused on tackling obesity [7], and a series of
policies to reduce alcohol-related harm [8]. In November 2022, the Welsh Government published a
Quality Statement for Liver Disease [9], underlying the importance of the awareness of risk factors and
early detection of liver disease, and set out its plans to promote the delivery of better quality, higher

value and more accessible services for individuals with liver disease.

To effectively improve liver disease management, clinicians, researchers and policymakers must be
aware of the epidemiology and clinical profile of the individuals with liver disease. However, a
significant gap remains in the integration of primary, secondary, and mortality data, particularly across
the different liver disease stages and aetiologies. To date, much of the epidemiological data is based on
ICD-10 coding, which is largely derived from secondary care data sources and therefore likely to
underestimate the real-world incidence and prevalence of liver disease [10, 11]. This limitation
currently precludes adequate prioritisation of research, targeting of interventions, and recruitment of
individuals to clinical trials. Understanding the clinical and socio-demographic features associated with
liver disease in a large-scale population is essential for the improvement of disease prevention and
treatment. Therefore, we aim to fill this gap by integrating primary, secondary, and mortality data,
providing a more comprehensive and accurate depiction of liver disease across different stages and

actiologies.

The objective of our study is to describe the incidence of liver disease, as well as the key demographic
and socioeconomic characteristics and the associated comorbidity of liver disease patients in Wales, as

a first step towards improving capacity and capability for liver disease research.

Materials and method
Setting and data source

This study is designed as retrospective cohort study. We used data from the Secure Anonymised

Information Linkage (SAIL) Databank, which contains anonymised, individual-level linked electronic

5
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health record (EHR) data for Welsh population [12, 13, 14, 15]. The SAIL Databank includes complete
secondary care data and primary care data covering approximately 86% of the Welsh population. These
data reflect the demographic diversity of Wales across age, sex, and levels of deprivation [16] and can
be generalisable to the broader UK population due to demographic similarities [17]. SAIL employs a
split-file anonymisation process using National Health Service (NHS) number, name, sex, date of birth
and postcode, ensuring confidentiality while enabling the linkage of individual-level data sources [13,

16, 18].

To provide a comprehensive overview of liver disease epidemiology, we combined linked primary care,
hospital admissions and mortality data. Primary care data were accessed from the Welsh Longitudinal
General Practice (WLGP) data, which currently uses the Read version 2 clinical coding system and
collects event histories for people registered with a SAIL-supplying general practice in Wales. Hospital
admission data, including in-patient admissions (emergency, elective and maternity) and day-care
procedures, were collected from the Patient Episode Database for Wales (PEDW). Mortality data came
from the Annual District Death Extract (ADDE) by the Office for National Statistics (ONS) death and
contains the cause of death and contributory comorbidities. Both hospital admission and mortality data
were coded using the International Classification of Diseases version 10 (ICD-10) system. We derived
demographic and deprivation data from the Welsh Demographic Service Dataset (WDSD) and used the
Welsh Index of Multiple Deprivation (WIMD) version 2019 quintiles to measure relative area-level
deprivation based on geographical residential location from the Lower-layer Super Output Area (LSOA)

version 2011.

Study population

We linked data from all individuals in the WLGP, PEDW, and ADDE data within the SAIL Databank
using a unique anonymised individual identifier known as Anonymised Linkage Field (ALF).
Individuals were extracted based on ALF and filtered for good data linkage status based on existing
methodology [13, 18]. We excluded individuals not registered with a SAIL-contributing general
practice (GP) or lacking residency information and identified those who received a liver disease
diagnosis from 1% January 2004 to 315t December 2022. The first liver disease diagnosis is considered
to be the index liver disease event. Individuals were required to be residents in Wales at the time of
cohort entry. GP registration was required if the index event was from WLGP. All individuals were
followed until the earliest of: GP de-registration, moving out of Wales, death, or the end of study period
(2022.12.31). We divided the full cohort into four distinct groups: individuals identified in WLGP were
assigned to the primary care group; those identified in PEDW were assigned to the secondary care group;
individuals identified in ADDE were assigned to the mortality group; and individuals identified across

multiple data sources (two or more) were assigned to a multi-source group.
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Measurements
Definition of stages of liver disease and time of cohort entry

We applied a hierarchy of 3 tiers of potential aetiological diagnoses and 5 discrete stages of chronic
liver disease based on perceived clinical importance and natural history of liver disease progression as
was described in our previous study [19]. The first stage is the underlying aetiological conditions
without the presentation of cirrhosis and was divided into 3 tiers. Tier 1 aetiologies of liver disease
include: alcohol-related liver disease (ArLD), non-alcoholic fatty liver disease (NAFLD), metabolic
liver disease, hepatitis B virus (HBV), hepatitis C virus (HCV), autoimmune liver disease,
haemochromatosis; tier 2 actiologies include: unspecified hepatitis, congestive hepatopathy, and toxic
liver disease, and tier 3 aetiologies were other miscellaneous diagnoses. As the disease progresses,
various stages of liver disease were defined as follows: hepatic fibrosis and cirrhosis were categorised
as stage 2, portal hypertension as stage 3, hepatic decompensation as stage 4, and hepatocellular
carcinoma (HCC), intrahepatic cholangio carcinoma (ICC), and other primary liver cancers were
classified under stage 5. Acute liver diseases were analysed separately from chronic liver diseases as
they carry different challenges for primary and secondary care. Acute liver diseases were defined as
conditions including acute viral hepatitis, Budd-Chiari syndrome, acute liver failure, infections and
infarctions, and other unspecified acute liver injuries. A list of ICD-10 and Read v2 codes to identify

individuals with liver disease can be found in Supplemental Table 1.

We defined the time of the first chronic or acute liver disease diagnosis as the index date. To assess the
proportion of individuals with liver disease who presented late, the diagnoses were sequenced according
to the natural history of the disease: aetiological diagnoses (stage 1), followed by cirrhosis, portal

hypertension, decompensation and then HCC formation [19] (Supplemental Fig 1).

Comorbidities and drug prescription history

We collected data on demographic characteristics (age, sex, and WIMD 2019 quintile), with age divided
by birth year in 10-year intervals, except for the 0-17 age group and 18-29 age group. Comorbidities
including cardiovascular disease (CVD) related conditions (heart failure, transient ischaemic attack,
other ischaemic disease, atrial fibrillation, peripheral vascular disease, angina, and stroke), diabetes,
hypertension, and antihypertensive usage were tracked up to ten years prior to cohort entry. Lists of
ICD-10 and Read v2 codes to identify the associated conditions are available as supplemental tables

(Supplemental Table 2-1, Supplemental Table 2-2).
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Incidence of liver disease

The incidence rate was calculated as the number of incident cases per Welsh residents. An incident case
was defined as an individual having a first liver-related diagnosis during the study period (01.01.2004-
31.12.2022) with no prior liver disease history from 1% January 1994 to 315t December 2003. To
determine the most clinically significant actiology, we only considered the most advanced stage of
diagnosis on incident event date. The Welsh population data was obtained from the ONS population
estimates [20]. The incidence rate was directly standardised using the European Union (EU) standard
population 2013 and were reported per 100,000 inhabitants in each calendar year from 2004 to 2022,
with corresponding 95% confidence intervals (CI). Analysis was repeated for different data sources,

liver disease aetiologies, and stages.

Study findings were reported in accordance with applicable reporting guidelines for observational
studies using administrative data (Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [21] and REporting of studies Conducted using Observational Routinely-
collected Data (RECORD) [22]. Data cleaning, cohort assembly and statistical analyses were performed
using Structured Query Language (IBM Db2 V.11.1) and R (V.4.1.0-V.4.1.3) within the SAIL

Databank privacy-protecting trusted research environment (TRE).

Patient and public involvement

The Liver Research Cymru Patient Advisory group was established to provide PPI input into the
development of research in Wales. The research questions and methodology addressed in this body of
work were developed following discussion of their priorities based upon their lived experience of liver
disease. The results were shared with this group and their feedback was sought in the interpretation and

presentation of these data.

Results
Demographic and socioeconomic characteristics

We identified a total of 111,098 individuals with liver disease from all three data sources from 1%
January 2004 to 31% December 2022, contributing 441,885 person-years of follow-up (Fig 1A). Of the
eligible individuals, 57,491 (51.7 %) were male. The median (interquartile range [IQR]) age was 59
(47-72). Approximately 50% of the individuals (55,787) entered the cohort after 2016 and 27,178
(24.5 %) individuals came from the most deprived areas. Of the 111,098 individuals, 20,319 (18.3%)

individuals could be tracked from WLGP (primary care data source), forming the primary care group,
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56,710 (51.0 %) from PEDW (secondary data source) constituted the secondary care group, and 3,459
(3.1 %) from ADDE (mortality data source) formed mortality group. Additionally, 30,610 (27.5%)
appeared in multiple sources, forming the multi-source group (Fig 1B). The demographic variation is
notable with a higher percentage of male and elderly individuals, and a higher degree of socioeconomic

deprivation in the mortality group (Table 1).

Incidence of chronic liver disease

We observed an increasing trend of liver disease from 2004 to 2022 in the Welsh population. The age-
sex standardised incidence rate increased by 3 times during the 18 years of follow-up (97.7 per 100,000
inhabitants in 2004; 316.2 per 100,000 inhabitants in 2022, Table 2). This was significantly contributed
by a 6.5 times increase in the incidence rate of the primary care group, followed by 4.4 times increase
in the secondary care group. The proportion of incident cases in primary care and secondary care group

increased by 14-16% during the past 2 decades (Fig 2A — 2C, Supplemental Table 3-1).

The incidence of liver disease has risen across all stages, with stage 2 (cirrhosis) and stage 3 diagnoses
(portal hypertension) experiencing the most notable increase from 2004 to 2022 (stage 2 by 4 times;
stage 3 by 3.9 times). However, the increases in the higher-stage liver disease cases were less
pronounced, particularly for stage 4 (1.5 times). Consequently, the proportion of more advanced liver
disease diagnoses decreased (stage 4 and stage 5: 8.6% in 2004, 5.3% in 2022, decreased by 1.62 times
since 2004, Fig 3A — 3C, Supplemental Table 3-2).

We further analysed the stage 1 aetiologies by each diagnosis. We observed the most notable increase
in the incidence of NAFLD (10.8 per 100,000 inhabitants in 2004, 124.5 per 100,000 inhabitants in
2022, increased 11 times since 2004), resulting a 3.4 time increase in the proportion and ultimately
accounting for over half of the cases by the end of our follow-up. Conversely, the proportion of ArLD
cases decreased by 71%, given that the incidence rate remained unchanged during the past 2 decades
(Fig 4A — 4B, Supplemental Table 3-3). A breakdown of NAFLD incidence by data sources
demonstrated the 14 and 18 times increases in the primary care and the secondary care group,
respectively (Supplemental Table 4-1). In contrast, the increase in the incidence of ArLD in the primary

care group was more than twice that of the secondary care group (Supplemental Table 4-2).

We did not observe an increasing trend for HBV and HCV. Both conditions fluctuated during the past
2 decades, with HBV cases increasing by 4.3 times and HCV cases 2.3 times from 2004 to 2017,
followed by a decrease from 2018 to 2022 (HBV by 1.7 times; HCV by 2.6 times). Consequently, the
proportion of HBV and HCV cases decreased from 2004 to 2022 (HBV by 2.3 times; HCV by 8.6 times,
Fig 4A — 4C, Supplemental Table 3-3).
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Underlying liver disease conditions

Of the 111,098 individuals with liver disease, 79,992 (72.0 %) entered the cohort due to a tier 1
aetiology. This was mainly contributed by the high prevalence of NAFLD (33,655 [30.3%]). Most
NAFLD cases were identified in the primary care group (13,565 [66.8 %]), and the least NAFLD cases
in the mortality group (727 [21.0 %]). This aligns with the distribution of individuals with tier 1
actiology, which’s proportion was the highest in the primary care group (18,453 [90.8 %]), and the
lowest in the mortality group (1,728 [50.0 %]). In contrast, tier 2 and tier 3 diagnoses were higher in
the secondary care group. The proportion of advanced liver disease stages was lower in the primary
care group (stage 3: 166 [0.8 %], stage 4: 53 [0.3 %], stage 5: 121 [0.6 %]), but higher in the mortality
group (stage 4: 276 [8.0 %], stage 5: 473 [13.7 %]) (Table 3).

Comorbidities associated with liver disease

Amongst all eligible individuals with liver disease, 40,427 (36.4%) individuals had onset hypertension
or initiated an antihypertensive medication, followed by 8,923 (8.0%) individuals who had
cardiovascular disease (CVD) related conditions, and 7,658(6.9%) who had diabetes. We observed the
higher proportions of comorbidities in the mortality group (CVD: 11.2%; diabetes: 8.1%;
hypertension/antihypertensive: 39.7%), and the lowest in the primary care group (CVD: 4.2%); diabetes:
6.3%; hypertension/antihypertensive: 35.7%) (Table 4). The burden of comorbidities was the lowest for
individuals with stage 1 liver disease conditions, but higher for late-stage (CVD highest for stage 4:
14.2%; hypertension/antihypertensive for stage 5: 45.1%) and stage 2 individuals (diabetes: 13.4%)
(Supplemental Table 5-1). Amongst the individuals who entered the cohort with a stage 1 aetiology,
individuals with congestive hepatopathy had the highest rates of hypertension/antihypertensive (47.6%)
and CVD conditions (23.6%), while those with NAFLD had the highest rates of diabetes (8.4%)
(Supplemental Table 5-2).

Discussion

In this large-scale population-based study, we observed that the incidence of liver disease had increased
dramatically in Wales during the past two decades. Notably, NAFLD played a significant role in this

rise, with its incidence and proportion increasing sharply.

The rapid increase in the incidence rate of liver disease observed in our study is similar to our previous
findings in Wales [19], where a 3.6-fold increase was observed in the in-patient chronic liver disease
cases between 2001 and 2019, aligning with the trends presented in our secondary care data. This was
mainly driven by the 11-fold increase in NAFLD incidence. Other studies, such as P Nasr's et al work
in Sweden [23], reported a 2-fold increase in the incidence rate of NAFLD during 2005-2019. Similarly,
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H Tian et al [24] used data from the Global Burden of Disease study 2019 and showed an increase of
95.4% of NAFLD globally from 1990 to 2019. A systematic review that included 578 studies
demonstrated a 13% higher prevalence of NAFLD during the year 2011-2021 compared with year 2000-
2010 [25]. A community study in the USA reported a 5-fold increase in the NAFLD incidence from
1997 to 2014 [26]. However, none of these findings compare to our observation in Wales. This
substantial difference may be partly attributed to our inclusion of primary care data, which experienced
more rapid increase than inpatient data and thus boosted the NAFLD incidence across the study
population. The high prevalence of obesity [27] and rapidly increasing incidence of diabetes [28] in
Wales in the recent decades may also have attributed to the sharp increase of NAFLD, as these
metabolic factors including obesity [29, 30] and insulin resistance were considered to be strongly linked
to NAFLD due to metabolic dysfunctions [31, 32]. This observation is further supported by our
observation of autoimmune liver disease, which is not linked to metabolic factors and remained
unchanged during our study period, highlighting the lifestyle-related nature of the increase in NAFLD.
Another interesting observation related to NAFLD is the high proportion of those with comorbidities.
NAFLD evolves in those with metabolic syndrome, and these comorbidities are used to define the more
recently adopted term metabolic associated fatty liver disease [33]. In keeping with this definition of
NAFLD, we observed a high proportion of individuals having onset comorbidities such as hypertension,
diabetes, CVD related conditions up to 10 years prior to their first liver disease diagnosis. The
multimorbidity amongst people living with liver disease is anticipated considering the increasing
incidence of NAFLD and the high prevalence of obesity in Wales, and this will require engagement
with primary care practitioners to address their complex multidisciplinary healthcare needs and to

identify those at risk of significant liver disease early in the disease trajectory [34].

Contrary to previous European studies showing a decline in ArLD incidence [19, 35], our research
observed a resurgence after 2015 following a slight decrease from 2004 to 2014. We believe that
changes in drinking habits [36, 37] and government actions on alcohol pricing and taxation [38] likely
influenced the declining trend before 2015, while the resurgence after 2015 was contributed by the
inclusion of outpatient data from the primary care group. The addition of primary care data could
explain the discrepancy in our results compared to the prior studies that focused solely on in-patients,
filling the gap by providing a broader perspective by including outpatient data [19, 35]. Similar to ArLD,
the incidence of HBV increased until 2017, then sharply dropped after the year of 2018. The observed
decrease in the incidence of HBV and HCV post-2020 could be attributed to the initiatives outlined in
the Welsh Health Circular, which seeks to meet the goal of eradicating HBV and HCV as a major public
health concern [39]. This trend may represent the effort in better case finding and eradication, which
led to reduced transmission for HCV, and enhanced vaccination and viral suppression for HBV [40].
Additionally, disruptions caused by the COVID-19 pandemic may also have played a role in this decline
[41].
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It is worth to mention our observation on the increasing number of incident cases identified from
primary care data, particularly after 2015. This observation, together with the rapid increase in NAFLD
and ArLD incidence, indicated an increasing detection rate of liver disease in primary care at an early
stage. This change might be attributed to the implementation of the Wales Liver Disease Delivery Plan,
which emphasised the importance of early detection and ensure that ‘excellent care’ is accessible when
necessary [42]. Another notable trend observed during our study period is the decreasing proportion of
severe late-stage presentations, such as hepatic decompensation. Additionally, we observed a declining
trend in the proportion of individuals who died from liver disease without receiving a prior diagnosis.
This is to say, despite the increasing incidence of liver disease, there is a promising indication that more
individuals were identified as the result of early detection. This provides the healthcare system with
more opportunities for early-stage intervention. Early detection of liver disease has been linked to
improved long-term outcomes, and a series of reviews and guidelines [43, 44] emphasize the importance
of thorough evaluation and timely referral for patients with abnormal liver function tests (LFTs).
Despite these recommendations, adherence remains inconsistent, and the factors influencing clinicians’
referral practices—including potential barriers and motivating factors—are not well understood. This
issue is especially pressing in the context of rising obesity rates and the emergence of new weight-loss
therapies, both of which carry significant implications for liver health. Consequently, further research
is essential to assess how integrated care models and early detection strategies might reduce liver disease

progression and mortality.

Our study has several strengths. First, it utilised the national-scale setting and created a population-
based cohort with long-term follow-up, which allowed us to maximise the generalisability of our
findings to the wider population. Furthermore, by combining primary care, secondary care, and
mortality data, our study uniquely expands on previous research and addresses a significant gap in
understanding liver disease [10, 11]. This novel approach increased our sample size by at least 20%,
allowing us to provide a more comprehensive view of liver disease incidence and characteristics.
Specifically, this integrated data approach enabled us to: 1, capture a broader range of liver disease
cases, reducing the likelihood of underestimating case numbers and ensuring a more accurate
representation of disease incidence; and 2, include patients from diverse healthcare settings, each with
unique clinical characteristics, which allowed for a detailed comparison across these settings and a
deeper understanding of liver disease in varied clinical contexts. Additionally, a significant strength of
the study is the consistency of coding practices in Wales, which have not changed in response to funding
incentives [45]. This stability helps mitigate potential biases and misdiagnoses, providing a more
reliable and objective reflection of disease incidence and management trends. Another strength lies in
the reproducibility and the use of the SAIL Databank as a research-ready data asset (RRDA). By

incorporating reproducible research pipelines, we standardized and documented the cohort curation
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process. This enhances the study's reliability and reproducibility, enabling other researchers to replicate

our findings and explore further research questions within the same framework.

Our study is also vulnerable to several limitations. Regulatory laws associated with the SAIL Databank
prohibited the inclusion of conditions classified as sensitive in our analysis. For instance, the sensitive
Read codes for HBV and HCV could not be extracted along with the rest of the cohort, resulting in
potentially incomplete data for these conditions, affecting the completeness and precision of our data
analysis. Our study exclusively included individuals who had a history of GP registration and residency
information in Wales. Consequently, we likely overlooked individuals were unable to register with a
GP, a subpopulation that represents a group at significant risk for liver disease. Moreover, there may be
changes in diagnostic practices and healthcare-seeking behaviour over the study period that could
influence the observed trends and introduce variations, potentially affecting the accuracy of our findings
regarding liver disease incidence and management. Furthermore, due to the observational nature and
design of our study, we were unable to establish causal relationships between the onset of liver disease

and other comorbidities.

Conclusion

Our study observed a significant rise in the incidence of liver disease in Wales over the past two decades,
primarily driven by the increase in NAFLD. The high prevalence of comorbid conditions among liver
disease patients and the increased role of primary care in disease identification highlight the need for
integrated healthcare approaches to address this growing public health concern. A better understanding
of the incidence of liver disease, driven by a more comprehensive analysis of the integrated primary
and secondary care data, is essential as a foundation for effective prevention, early detection, and

targeted interventions to improve patient.
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Figure Legends

Fig. 1 Flowchart of study population selection (Fig.1A) and Venn diagram of study cohort
composition (Fig.1B)

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract

Fig. 2 Changes in Standardised Incidence per 100,000 Inhabitants by Data Source (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by data sources. The x-axis represents time in years, and the y-axis represents incidence
rate in Fig.2A, percentages in Fig.2B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.2C.

Fig. 3 Changes in Standardised Incidence per 100,000 Inhabitants by Stages (2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by stages. The x-axis represents time in years, and the y-axis represents incidence rate in
Fig.3A, percentages in Fig.3B.

Line chart presenting the trends in annual Furopean age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.3C.

Fig. 4 Changes in Standardised Incidence per 100,000 Inhabitants by Liver Disease Aetiologies
(2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by aetiologies. The x-axis represents time in years, and the y-axis represents incidence rate
in Fig.4A, percentages in Fig.4B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.4C.

Abbreviations: ArLD: alcohol related liver disease; NAFLD: non-alcoholic fatty liver disease; HBV:
hepatitis B virus; HCV: hepatitis C virus

* ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies (ArLD, NAFLD,
HBV, HCV, metabolic, hemochromatosis and autoimmune liver diseases) and one of them was ArLD;
Non-ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies but none of
them was ArLD.
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Table 1. Demographic and socioeconomic characteristics of liver disease patients

Demographic Full cohort, N = Primary care Secondary care Mortality group, Multi-source
characteristics 111,098! group, N =20,319'  group, N =56,710! N = 3,459! group, N =30,610!
Sex
Male 57,491(51.7%) 10,478(51.6%) 27,558(48.6%) 2,019(58.4%) 17,436(57.0%)
Female 53,607(48.3%) 9,841(48.4%) 29,152(51.4%) 1,440(41.6%) 13,174(43.0%)
Age
0-17 1,445(1.3%) 342(1.7%) 814(1.4%) <10 (<0.3%) <290 (<1.0%)
18-29 5,862(5.3%) 1,447(7.1%) 3,486(6.1%) <40 (<1.2%) <900 (<0%)
30-39 10,109(9.1%) 2,520(12.4%) 5,099(9.0%) 143(4.1%) 2,347(7.7%)
40-49 15,370(13.8%) 3,744(18.4%) 6,316(11.1%) 421(12.2%) 4,889(16.0%)
50-59 22,799(20.5%) 5,356(26.4%) 9,332(16.5%) 705(20.4%) 7,406(24.2%)
60-69 23,264(20.9%) 4,271(21.0%) 11,026(19.4%) 758(21.9%) 7,209(23.6%)
70-79 19,189(17.3%) 2,117(10.4%) 11,335(20.0%) 693(20.0%) 5,044(16.5%)
80+ 13,060(11.8%) 522(2.6%) 9,302(16.4%) 702(20.3%) 2,534(8.3%)

Cohort entry year

2004-2007 17,099(15.4%) 1,949(9.6%) 7,345(13.0%) 617(17.8%) 7,188(23.5%)
2008-2011 17,554(15.8%) 2,513(12.4%) 8,484(15.0%) 705(20.4%) 5,852(19.1%)
2012-2015 20,658(18.6%) 3,109(15.3%) 10,682(18.8%) 731(21.1%) 6,136(20.0%)
2016-2019 30,448(27.4%) 6,083(32.9%) 15,521(27.4%) 749(21.7%) 7,495(24.5%)
2020-2022 25,339(22.8%) 6,065(29.8%) 14,678(25.9%) 657(19.0%) 3,939(12.9%)
WIMD 2019
quintiles
1, most 27,178(24.5%) 4,417(21.7%) 14,012(24.7%) 928(26.8%) 7,821(25.6%)
deprived
2 24,391(22.0%) 4,203(20.7%) 12,411(21.9%) 858(24.8%) 6,919(22.6%)
3 21,066(19.0%) 3,828(18.8%) 10,802(19.0%) 647(18.7%) 5,789(18.9%)
4 19,619(17.7%) 3,949(19.4%) 9,855(17.4%) 545(15.8%) 5,270(17.2%)

5, least deprived

18,844(17.0%)

3,922(19.3%)

9,630(17.0%)

481(13.9%)

4,811(15.7%)

(%)

Abbreviations: PEDW: Patient Episodes Dataset for Wales, WLGP: Welsh Longitudinal General Practice

dataset, ADDE: Annual District Deaths Extract, WIMD: Welsh Index of Multiple Deprivation
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Table 2. Crude and standardised incidence of chronic liver disease from 2004 to 2022

Year Wales Incident cases Crude incidence (95% CI) STD incidence (95% CI)
population

2004 3,131,640 3,060 97.7 (94.3 - 101.2) 97.7 (94.2 - 101.3)
2005 3,105,633 3,403 109.6 (105.9 - 113.3) 109.4 (105.7 - 113.2)
2006 3,104,483 3,670 118.2 (114.4-122.1) 118.7 (114.9 - 122.6)
2007 3,087,732 3,537 114.6 (110.8 - 118.4) 115.1(111.3-119.0)
2008 3,083,840 3,867 125.4 (121.5-129.4) 126.3 (122.3 - 130.4)
2009 3,081,366 4,008 130.1 (126.1 - 134.2) 131.7 (127.7 - 135.9)
2010 3,077,165 4,268 138.7 (134.6 - 142.9) 140.6 (136.4 - 144.9)
2011 3,072,739 4,519 147.1 (142.8 - 151.4) 149.9 (145.5 - 154.4)
2012 3,073,788 4,546 147.9 (143.6 - 152.3) 150.6 (146.3 - 155.1)
2013 3,071,058 4,733 154.1 (149.8 - 158.6) 158.0 (153.5 - 162.6)
2014 3,070,928 5,145 167.5 (163.0 - 172.2) 172.5(167.7-1717.3)
2015 3,063,758 5,659 184.7 (179.9 to 189.6) 192.2 (187.2to 197.4)
2016 3,049,971 6,548 214.7 (209.5 to 220.0) 225.7(220.2 to 231.3)
2017 3,038,872 6,981 229.7 (224.4 t0 235.2) 243.2 (237.4 10 249.1)
2018 3,025,867 7,953 262.8 (257.1 to 268.7) 279.1 (272.9 to 285.4)
2019 3,006,299 8,481 282.1 (276.1 to 288.2) 301.2 (294.8 to 307.8)
2020 2,985,668 7,327 245.4 (239.8 to 251.1) 264.0 (257.8 t0 270.2)
2021 2,969,309 9,136 307.7 (301.4 to 314.1) 332.0 (325.0 to 338.9)
2022 2,957,422 8,596 290.7 (284.5 t0 296.9) 316.2 (309.4 to 323.1)

Abbreviation: STD: standardised; CI: confidence interval
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Table 3. The underlying liver disease conditions at cohort entry

Phenotype Full cohort, N = Primary care Secondary care Mortality group, Multi-source

111,098! group, N = group, N = N =3,459! group, N =
20,319! 56,710! 30,610!

Chronic liver disease

Stage 1 - tier 1 79,992(72.0%) 18,453(90.8%) 35,102(61.9%) 1,728(50.0%) 24,709(80.7%)

- ArLD 19,760(17.8%) 2,116(10.4%) 4,566(8.1%) 887(25.6%) 12,191(39.8%)

- NAFLD 33,655(30.3%) 13,565(66.8%) 13,444(23.7%) 727(21.0%) 5,919(19.3%)

- Metabolic liver disease 5,469(4.9%) 782(3.8%) 3,887(6.9%) 69(2.0%) 731(2.4%)

- HBV 1,063(1.0%) 0(0.0%) 905(1.6%) 0(0.0%) 158(0.5%)

-HCV 3,539(3.2%) 0(0.0%) 2,697(4.8%) 13(0.4%) 829(2.7%)

- Autoimmune liver disease 13,582(12.2%) 815(4.0%) 9,060(16.0%) 199(5.8%) 3,508(11.5%)

- Haemochromatosis 4,111(3.7%) 1,209(6.0%) <940(<1.7%) <10(<0.2%) 1,958(6.4%)

- ArLD overlap 799(0.7%) 15(0.1%) 158(0.3%) 173(5.0%) 453(1.5%)

- Non ArLD overlap 371(0.3%) <20(<0.1%) 228(0.4%) <10(<0.2%) 123(0.4%)

Stage 1 - tier 2 6,111(5.5%) 81(0.4%) 4,906(8.7%) 127(3.7%) 997(3.3%)
- Hepatitis not specified 4,783(4.3%) 11(0.1%) 3,867(6.8%) 102(2.9%) 803(2.6%)
- Congestive hepatopathy 574(0.5%) <10(<0.1%) 514(0.9%) <10(<0.2%) <60(<0.2%)
- Toxic liver disease 757(0.7%) 68(0.3%) 526(0.9%) 21(0.6%) 142(0.5%)
Stage 1 - tier 3 8,426(7.6%) 36(0.2%) 8,132(14.3%) 37(1.1%) 221(0.7%)
- Miscellaneous 8,426(7.6%) 36(0.2%) 8,132(14.3%) 37(1.1%) 221(0.7%)
Stage 2 4,562(4.1%) 506(2.5%) 1,664(2.9%) 690(19.9%) 1,702(5.6%)
- Hepatic fibrosis 261(0.2%) 64(0.3%) 135(0.2%) <10(<0.2%) <60(<0.2%)
- Cirrhosis 4,301(3.9%) 442(2.2%) 1,529(2.7%) 682(19.7%) 1,648(5.4%)
Stage 3 3,040(2.7%) 166(0.8%) 2,171(3.8%) 43(1.2%) 660(2.2%)
- Portal hypertension 3,040(2.7%) 166(0.8%) 2,171(3.8%) 43(1.2%) 660(2.2%)

Stage 4 3,221(2.9%) 53(0.3%) 2,517(4.4%) 276(8.0%) 375(1.2%)
- Hepatic decompensation 3,221(2.9%) 53(0.3%) 2,517(4.4%) 276(8.0%) 375(1.2%)
Stage 5 2,233(2.0%) 121(0.6%) 341(0.6%) 473(13.7%) 1,298(4.2%)
- Hepatocellular carcinoma 748(0.7%) 71(0.3%) 83(0.1%) 86(2.5%) 508(1.7%)
- Intrahepatic cholangio 1,455(1.3%) 47(0.2%) 232(0.4%) 387(11.2%) 789(2.6%)
carcinoma
- Other primary liver cancer 39(0.0%) <10(<0.1%) 26(0.0%) <10(<0.2%) <10(<0.1%)
Acute liver disease
Acute liver disease 3,513(3.2%) 903(4.4%) 1,877(3.3%) 85(2.5%) 648(2.1%)
- Budd-Chiari 184(0.2%) <10(<0.1%) 144(0.3%) <20(<0.1%) 20(0.1%)
- Acute liver failure 27(0.0%) <30(<0.2%) 0(0.0%) 0(0.0%) <10(<0.1%)
- Infection/infarction 1,343(1.2%) 62(0.3%) 757(1.3%) 67(1.9%) 457(1.5%)
- Other non-specified acute liver 71(0.1%) 45(0.2%) <20(<0.1%) 0(0.0%) <10(<0.1%)
injuries
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Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B
virus; HCV: hepatitis C virus
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Table 4. Comorbidities associated with liver disease

Comorbidities Full cohort, N = Primary care Secondary care Mortality group,  Multi-source group, N =
111,098! group, N = group, N = N = 3,459! 30,610!
20,319! 56,710!
CVD related conditions 8,923(8.0%) 852(4.2%) 5,362(9.5%) 385(11.2%) 2,324(7.6%)

Diabetes 7,658(6.9%)

Hypertension/antihypertensives 40,427(36.4%)

1,271(6.3%)

7,248(35.7%)

3,577(6.3%)

20,361(35.9%)

279(8.1%)

1,368(39.7%)

2,531(8.3%)

11,450(37.4%)

'n(%)

Abbreviation: CVD: cardiovascular disease; COPD: chronic obstructive pulmonary disease
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(2004.01.01 - 2022.12.31)
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Individuals with good quality data, complete GP regi
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liver disease diagnosis during study period (2004.01.01 - 2022.12.31)

N= 111,008
Secondary care group Primary care group Mortality group Multi-source group
N=56710 N=20319 N=3458 N=30610
ADDE WLGP
(Mortality group) (Primary care group)
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3459 (IS} 20319
(3.11%) (18.3%)
6138
(5.52%)
8146 15947
(7.33%) (14.4%)
56710
(51%)
PEDW

(Secondary care group)

(Fig.1B)

Fig. 1 Flowchart of study population selection (Fig.1A) and Venn diagram of study cohort composition

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General Practice;

ADDE: Annual District Death Extract
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represents time in years, and the y-axis represents incidence rate in Fig.3C.
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Fig. 4 Changes in Standardised Incidence per 100,000 Inhabitants by Liver Disease Aetiologies (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and percentages
by aetiologies. The x-axis represents time in years, and the y-axis represents incidence rate in Fig.4A,
percentages in Fig.4B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.4C.

Abbreviations: ArLD: alcohol related liver disease; NAFLD: non-alcoholic fatty liver disease; HBV: hepatitis B
virus; HCV: hepatitis C virus

* ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies (ArLD, NAFLD, HBV,
HCV, metabolic, hemochromatosis and autoimmune liver diseases) and one of them was ArLD; Non-ArLD
overlap: if an individual had 2 or more diagnoses from liver disease aetiologies but none of them was ArLD.
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Is there a tier 1 diagnosis
throughout the disease progression?

BMJ Open

Record the tier 1 diagnosis as index event,
the date of cohort entry as index day

7LD, NAFLD, metabolic lver clisease, HBY, HCV, autoimmune iver disease,
haemchromatasis, ArLD overlap, nos-ArLD cverlap

Record the stage 3 diagnosis as index event,
the date of cohort entry as index day

portal hypertension

YES

Is there a stage 4 diagnosis
throughout the disease progression?

Is there a tier 2 diagnosis
throughout the disease progression?

Is there a stage 3 diagnosis
throughout the disease progression?

NO

YES

Record the stage 4 diagnosis as index event,

the date of cohort entry as index day

hepatic deccmpens tion

HO

Is there a stage 5 diagnosis
throughout the disease progression?

Record the stage 2 diagnosis as index event,
the date of cohort entry as index day

hegatic fibrasis, cirhosis

YES

Record the stage 5 diagnosis as index event,
the date of cohort entry as index day

hepatoceliuar carcinoma, inrahepatic cholangie carcinoma,

NO

Record the acute liver diagnosis as index

YES

Record the tier 2 diagnosis as index event,
the date of cohort entry as index day

hepatts not specified, cangestive hepatapathy, taxic lver disease

NO

Is there a tier 3 diagnosis
the disease prog i

Is there a stage 2 diagnosis
t g the disease progressi

NO

Record the tier 3 diagnosis as index event,
the date of cohort entry as index day

miscallaneous

ves

Supplemental Fig. 1 Flowchart for Identifying Index Events and Determining Cohort Entry

Date.

This flowchart illustrates the decision rules for identifying the index event and determining the cohort
entry date for study participants. The index date is defined as the date of the first diagnosis between

2004 and 2022. The actiological diagnoses throughout the disease progression were identified as the

index event entering the cohort. If no aetiological diagnosis is present, the index event is defined

based on the following sequence: stage 2 diagnoses, stage 3 diagnoses, stage 4 diagnoses, and stage 5

diagnoses.

1
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The decision flow proceeds as follows:

Tier 1 Diagnosis: If present at any point during the disease progression, the tier 1 diagnosis is
recorded as the index event, and the date of the cohort entry is the index day. Tier 1 diagnoses include
ArLD, NAFLD, metabolic liver disease, HBV, HCV, autoimmune liver disease, and
haemochromatosis.

Tier 2 Diagnosis: If there is no tier 1 diagnosis, the presence of a tier 2 diagnosis is checked. If
present, it is recorded as the index event, and the date of cohort entry is the index day. Tier 2
diagnoses include hepatitis not specified, congestive hepatopathy, and toxic liver disease.

Tier 3 Diagnosis: In the absence of tier 1 and tier 2 diagnoses, the presence of a tier 3 diagnosis is
checked. If found, it is recorded as the index event. Tier 3 diagnoses include miscellaneous
conditions.

Stage 2 Diagnosis: If none of the Stage 1 diagnoses are present, the presence of a stage 2 diagnosis is
considered. If found, it is recorded as the index event. Stage 2 diagnoses include hepatic fibrosis and
cirrhosis.

Stage 3 Diagnosis: If no stage 1 or stage 2 diagnoses are present, a stage 3 diagnosis is checked next.
If found, it is recorded as the index event. Stage 3 diagnoses include portal hypertension.

Stage 4 Diagnosis: If the stage 1, stage 2, and stage 3 diagnoses are absent, a stage 4 diagnosis is
checked. If present, it is recorded as the index event. Stage 4 diagnoses include hepatic
decompensation.

Stage 5 Diagnosis: If no above diagnoses are found, a stage 5 diagnosis is considered. If found, it is
recorded as the index event. Stage 5 diagnoses include hepatocellular carcinoma, intrahepatic
cholangiocarcinoma, other primary liver cancer.

Acute Liver Diagnosis: If none of the chronic diagnoses are present, an acute liver diagnosis is
checked. If found, it is recorded as the index event. Acute liver diagnoses include acute viral hepatitis,

Budd-Chiari, acute liver failure, infections/sepsis, and other non-specified acute liver injuries.

2
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Supplemental Table 1 Code list for identifying liver disease
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Page 34 of 47

Phenotype

ICD10 codes

Read codes

Acute viral hepatitis

Acute liver failure

Budd-Chiari

Infection/infarction

Other non-specified acute liver

injuries

Autoimmune liver disease

Haemochromatosis

Metabolic liver disease

HBV~

HCV*

Alcohol-related liver disease

Non-alcoholic fatty liver disease

Hepatitis not specified

Congestive hepatopathy

Toxic liver disease

Miscellaneous

Hepatic fibrosis

Cirrhosis

Portal hypertension

B15,B19, B16, B17 (B171 excluded), B172,

B178,B179, B180, B159, B169, B199

K720

1820

K750, K763, K751

K752

K754, K743, K831, K753

E831

E880, E830

B181,B180

B182

K70

K760, K7581

K769, K7589, K73

K761, K762, K765

K71

K764, K768, K77

K740, K741, K742

K703, K744, K745, K746, K749

K766, 181, 1859, 1982, 185

A70z1, AyuB0, XE2u., Q4090, A700., A701.,
A7052, A70.., A706., A708., A709., A70z., A70G.,

A704., AyuB3

J6000

G820.

J62..,J620., 16200, J6201, J6202, J6203, 16204,

1620z, A053.,J634., J621.

J63y1

J63B.,J6141,J6160, J6617, J63X.

C3500

C3762, C3761, C3510

AT0E., A70F.

J613.,16130, J612.,J6120, J610.,J617.,16170, J611.

J61y1, J61y8

Jyu72,J614y

J630., J636., J637.

J635., 16350, J6351, J63252, 16353, 16354, J6355,

16356, 16357, J635X

J638., Jyu73, J63yz, Jyu75

J61y4, 161y6, I61y5

J6161, J616z, J6152

J623., G81.., G8523, G852., G8521, G8522, G852z
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Hepatic decompensation K721, K767,1850, K72, C220 J624., SP143, G850., G8520, J625., B1503, BB5D7,
BB5D5, BB5D8
Hepatocellular carcinoma C220 B1503, BB5D7, BB5SD5, BB5DS
(HCC)
Intrahepatic cholangio C221 B150.
carcinoma (ICC)
Other primary liver cancers C222, C223, C224, C225, C226. C227 B808.

*We identified Read codes(A7071, A7073, ZV02B, Q4091, 43B4., A7070, A7051, A7072, A70z0,

AT70A., A70B., A70C., A70D., A70E.,A70F., ZV02C) and ICD-10 codes (B180, B181, B182) for

HBYV and HCV. However, in order to comply with Data Protection Act 2018 and the UK General

Data Protection Regulation, we could not include Read codes (A7071, A7073, ZV02B, Q4091, 43B4.,

A7070, A7051, A7072, A70z0, A70A., A70B., A70C., A70D., ZV02C) and ICD-10 codes (B171) as

these were flagged as sensitive in the latest version of known sensitive code list of SAIL Databank.

4

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublosug

Y

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplemental Table 2-1 ICD-10 code list for identifying comorbidities

Comorbidities

ICD-10 codes

Atrial fibrillation

Angina

Asthma

Diabetes

Heart failure

Hypertension

1481, 1482

1200, 1201, 1208, 1209

J45

E09, E10, E102, E103, E11, E13, K86

150, 1501, 1502, 1503, 1508

110, 111,112, 113, 115

Peripheral vascular disease E106, E116, 170

Renal disease

Stroke 1691, 161, 163, 164, 160, 166, G45.0, G45.1, G45.3, G46.0, G46.2, G45.8, 165, G46.1, 45.9,
G45.2,G45.4
Transient ischaemic attack 161, 163, 166

Other ischaemic

N18

120, 121, 122, 123, 124, 125

5
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3 Supplemental Table 2-2 Read codes list for identifying comorbidities c
. = <
5 S
6 Comorbidities ~ Read codes ) '|o'|
)
7 @ m =)
8 Atrial 14AN., 14AR., 3272, 3273, 8CMW2, G573., G5730, G5731, G5732, G5733, G5734, G5735, G5736, G5737, G5738, G5739, G573z, 3272,2320;3%]93M1, 793M3
9 323
10 fibrillation SN
) ‘3" Q
11 Sa ¢
12 Angina G3112, G33.., G330., G3300, G330z, G33z., G33z3, G3327, G33zz, 662K., 662K0, 662K1, 662K2, 662Kz, 8B27., G33z1, G33z2, G33z5, gﬁiﬁ@G34y0, Gyu30
13 22s
n—o-.c =)
14 Asthma H33.., H330., H3300, H3301, H330z, H331., H3310, H3311, H331z, H332., H333., H334., H335., H33z., H3320, H33z1, H3322, H33zz, % @0
15 23
16 oc o
17 Diabetes 66AJ., 66AJ1, 66AJz, 66An., 66A0., 8CR2., 90LA., 9OLA., C10.., C100., C1000, C100z, C101., C1010, C1011, C101y, C102., C1020, C%Zﬂ; &022, C103., C1030, C1031, C103y, C103z, C104.,
wo
18 C1040, C1041, C104y, C104z, C105., C1050, C1051, C105y, C105z, C106., C1060, C1061, C106y, C106z, C107., C1070, C1071, C1072, Elgg]@ C1074, C107y, C107z, C108., C1080, C1081, C1082,
=YY=
>~ =
;g C1083, C1084, C1085, C1086, C1087, C1088, C1089, C108A, C108B, C108C, C108D, C108E, C108F, C108G, C108H, C108J, C108y, C¥88z,©€109., C1090, C1091, C1092, C1093, C1094, C1095,
> =
21 C1096, C1097, C1099, C109A, C109B, C109C, C109D, C109E, C109F, C109G, C109H, C109J, C109K, C10A., C10A0, C10A1, C10A2, glOAg C10A4, C10AS, C10A6, C10A7, C10AW, C10AX,
22 5 =
23 C10B., C10B0, C10C., C10D., C10E., C10E0, C10E1, C10E2, C10E3, C10E4, C10ES5, C10E6, C10E7, C10ES8, C10E9, C10EA, C10EB, CJB)ECgCIOED, C10EE, C10EF, C10EG, C10EH, C10EJ,
Q 2
24 CI0EK, C10EL, CI0EM, C10EN, C10EP, C10EP, C10EQ, CI0ER, C10F., C10F0, C10F1 C10F2, CI0F3, C10F4, C10FS, C10F6, C10F7,£10Fg C10FA, C10FB, C10FC, C10FD, C10FE, CI0FF,
25 > 2
26 C10FG, C10FH, C10FJ, C10FK, C10FL, C10FM, C10FN, C10FP, C10FQ, C10FR, C10FS, C10G., C10G0, C10H., C10HO, C10K., CIOKQ%CI@/I., C10MO0, C10N., C10NO, C10N1, C10P., C10PO,
27 C10P1, C10y., C10y1, C10yy, C10yz, C10z., C1020, C10z1, C10zy, C10zz, F372., F3720, F3721, F3722, 1434, 14F4., 14P3., 90L9. % S
28 = >
29 =
Heart failure G58.., G580., G5800, G5801, G5802, G5803, G5804, G581., G5810, G582., G583., G584., G58z., G232., G234., Glyzl, 101.., 662W., 66@., 8@9., 8H28., 90r0., G400., G41z., G5540, G5540,
30 S o
31 G5yy9, G5yyA, R2y10, 5851, 585g., 14A6., 14AM., 1736, 1J60., 23E1., 388D., 662T., 662f., 662g., 662h., 662i., 679X., 8CL3., SHBE., SPg—IZ.,g-Ig& 8HKO., 9NOk., 9N2p., ON4s., 9N4w., ON6T.,
Q o
:g 90n.., 90n0., 90n1., 90n2., 90n3., 90n4., 90r.., 90r1., 90r2., 90r3., 90r4., 90r5., h1.., 9hll1., 9h12., 9hH.., 9hHO., 9hH1., G581., HS4..$—154@D H5410, H541z, H54z., H584., H584z, ZRad.
T
34 . 2
35 Hypertension 14A2., G2..., G20.., G200., G201., G202., G203., G20z., G21.., G210., G2100, G2101, G210z, G211., G2110, G2111, G211z, G21z., G21z0, G & 1, G21zz, G22.., G220., G221., G222., G22z., G23..,
]
36 G230., G231., G232., G233., G234., G23z., G24.., G240., G2400, G240z, G241., G2410, G241z, G244., G24z., G24z0, G24z1, G24zz, G25.., G@O., G251., G26.., G27.., G28.., G2y.., G2z.., 6627,
37 w
38 6628, 662F., 662G., 6620., 662b., 662c., 662d., 662r., 7Q01., 8B26., 8BLO., 8I3N., F4042, F4213, G672., Gyu2., L122., L1220, L1221, L1223, Ig222, L127., L1272, L128., L1280, L1282, Gyu21
39 &
40 B
41 g
42 6 =
. . . . - aQ
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S £
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S5 W
Comorbidities Read codes % @
s g
=] S
Peripheral G73.., G734., G73y., G73z., G7320, G73zz, Gyu74, 2G63., A3AQF, C107., C1070, C1071, C1073, C1074, C107z, C108G, C109F, C109F, Cl1 OEJg, C10FF, G700., G702., G702z, G731., G7310,
o
=
vascular G731z, G732., G7320, G7321, G733., G73y0, G73yl1, G73yz, G740., G742z, M271., M2710, M2713, R0550, R0550 S m o
™S 2
disease ‘2 4 o
Da'<
228
Renal disease 1Z213.,1Z14.,1Z1H., 1Z1J., 1Z1K., 1Z1L., K050., K054., K055., K060., K060., K08z., KOD.., 1210., 1Z17.,1Z18., 1Z11., 1Z19., 1Z1A., @13.,3215., 1Z16.,1Z1B., 1Z1C., 1Z1D., 1Z1E., 1Z1F.,
- D -
>
1Z1G., % ~9
L=
n—o-.c 2
Stroke Gé6..., G61.., G610., G611., G612., G613., G614., G615., G616., G617., G618., G619., G61X., G61X0, G61X1, G612., G63.., G630., G631 .m 33, G633., G634., G63y., G63y0, G63y1, G63z., G64..,
oo
c o
G640., G6400, G641., G6410, G64z., G6470, G64z1, G6472, G6473, G64z4, G66.., G660., G661., G662., G663., G664., G665., G666., G6@,‘§668., G67.., G670., G671., G6710, G6711, G671z,
P>
G677.,G6770, G6771, G6772, G6773, G6774, G679., G67y., G672., Goy.., G67Z. 3 % g
ERZE:
(g_ =
Transient G65z., G652z, G65z1, G65y., 14AB., G6520, Fyu55, G65.., G65.., G650., G651., G6510, G652., G653., G654., G655., G656., G657., G65yj,>F4§36, 14AB0O
= ©
ischaemic =5 §
SRS
ttack 2 -r?)
a @ 2
ENE]
Other G33z4, G34.., G34y., G34y0, G34yl1, G34yz, G34z., G34z0, G3y.., G3z.., G31y3, G332., 6A2.., 6A4.., 8B3k., 8H2V., G3..., G31.., G3110, §31ng3 1y2, G31lyz, G340., G343., G344., Gyu3., Gyu32,
w o
ischaemic Gyu33 3 3
T
Anti- bil.., bill., bil2., bil3., bil4., bil5., bil6., bil7., bil8., bil9., bilA., bilB., bilC., bilH., bill., bilJ., bilK., bila., bilb., bilc., bild., bilg., Elh.,éﬂi., bilj., bilk., bill, bilm., biln., bilo., bilp., bilq.,
= >
hypertensive bilr., bilv., bilw., bilx., bily., bilz., bi2.., bi21., bi22., bi23., bi24., bi25., bi26., bi27., bi29., bi2A., bi2B., bi2C., bi2D., bi2E., bi2F., bi2G.33i2]—ﬁ, bi2J., bi2K., bi2L., bi2M., bi2a., bi2t., bi2u., bi2v.,

bi2w., bi2x., bi2y., bi2z., bi3.., bi31., bi32., bi33., bi34., bi35., bi36., bi37., bi38., bi39., bi3a., bi3b., bidc., bi3c., bi3d., bi3d., bi3e., bi3f., bl‘%., b%l., bili., bi3j., bi3k., bi3l., bi3m., bi3q., bi3r., bidy.,
bi4.., bid1., bi42., bi43., bid4., bid5., bi46., bi47., bid9., bi4A., bidB., bi4C., bi4D., bi4E., bi5.., bi51., bi52., bi53., bi54., bi57., bi58., bi6.., bs?61., g;éZ., bi63., bi64., bi65., bi66., bi67., bi68., bi69., bi6A.,
bi6B., bi6C., bi6D., bi6E., bi6F., bi6G., bi6o., bi6p., bibq., bi6r., bibs., bi6t., bibu., bi6v., bibw., biéx., biby., bi6z., bi7.., bi71., bi72., bi73., bi74.,3§§i8.‘, bi81., bi82., bi82., bi83., bi83., bi84., bi84., bi85.,
bi86., bi&6., bi&7., bi87., bi88., bi88., bi89., bi89., bi8a., bi9.., bi9l., bi92., bi93., bi%4., bi%4., bi95., bi95., bi%6., bi%6., bi97., bi98., bi99., bi%A., %A., bidz., biA.., biAl., biA2., biA3., biA4., biB..,

biB1., biB2., biB3., biBx., biBy., biBz., biC.., biC1., biC2., biC3., biC4., biC5., biC6., bk3.., bk31., bk32., bk33., bk34., bk37., bk38., bk3B., bk3é::, bk3D., bk3E., bk3F., bk3G., bk3H., bk4.., bk41.,
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5 g
6 bk42., bk43., bk44., bk45., bk46., bk4A., bk4B., bk4C., bkds., bk4t., bk4u., bkdv., bkdw., bk5.., bk51., bk52., bk53., bk54., bk55., bk56., bﬁ,bgl bk72., bk73., bk74., bk75., bk76., bk77., bk78.,
o
=
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Supplemental Table 3-1. Standardised incidence rate of liver disease by data sources (2004 to 2022)

PEDW only group WLGP only group ADDE only group Two or more data sources
TS T e S T smesear S ampesa S aposiar
2004 41.2 (38.9t0 43.5) 13.5 (12.2to0 14.9) 3.8 (3.1t0 4.5) 39.2 (37.1t0 41.5)
2005 49.6 (47.2t0 52.1) 15.3 (13.9t0 16.8) 3.8 (3.1t04.5) 40.7 (38.5t0 43)
2006 54.4 (51.9t0 57.1) 16.1 (14.7 to 17.6) 3.7 (3.1t0 4.5) 44.4 (42.1t0 46.9)
2007 54.8 (52.2t0 57.5) 13.9 (12.6t0 15.3) 4.5 (3.7t05.3) 41.9 (39.6 to 44.3)
2008 59.3 (56.6 to 62.1) 18.0 (16.5 to 19.6) 5.5 (4.7t06.4) 435 (41.2t045.9)
2009 63.9 (61.1 to 66.9) 18.5 (17 t0 20.1) 5.5 (4.7t06.5) 43.7 (41.4t0 46.2)
2010 67.4 (64.5 to 70.4) 21.7 (20.1t0 23.4) 5.6 (4.7t06.5) 459 (43.5t0 48.4)
2011 74.1 (71.1 to0 77.3) 23.6 (21.8t025.4) 5.1 (4.31t06) 47.1 (44.7 t0 49.6)
2012 76.3 (73.2t0 79.5) 21.5 (19.9t023.2) 5.5 (4.7t06.4) 473 (44.9t0 49.9)
2013 82.7 (79.4 to 86) 22.3 (20.6 to 24.1) 6.0 (5.1t06.9) 47.1 (44.6 t0 49.6)
2014 90.3 (86.9 to 93.8) 26.2 (24.4t028.1) 6.1 (53t07.1) 49.8 (47.3t052.4)
2015 99.1 (95.5 t0 102.8) 322 (30.2 to 34.3) 6.2 (53t07.2) 54.7 (52.1t0 57.5)
2016 115.9 (112 to 120) 45.1 (42.7 to 47.6) 6.4 (5.5t07.4) 58.3 (55.5t0 61.1)
2017 122.9 (118.8t0 127.2) 48.9 (46.4 to 51.5) 6.5 (5.5t07.5) 64.9 (62 to 67.9)
2018 141.0 (136.5t0 145.5) 62.5 (59.7 to 65.5) 7.1 (6.1t08.2) 68.5 (65.5t0 71.7)
2019 157.6 (152910 162.4) 71.4 (68.4 to 74.6) 6.4 (54t07.4) 65.8 (62.8 t0 68.9)
2020 153.3 (148.5t0 158.1) 50.2 (47.6 t0 52.8) 8.7 (7.6109.8) 51.9 (49.2 to 54.7)
2021 197.5 (192.1 to 203) 73.4 (70.2 to 76.6) 7.5 (6.5 t0 8.6) 53.5 (50.8 to 56.4)
2022 182.1 (176.9t0 187.4) 88.6 (85.1t092.1) 7.9 (6.9t09.1) 37.6 (35.2t0 40.1)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 3-2 Standardised incidence rate of liver disease by disease stages (2004 to 2022)
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Year Stage 1 Stage 2 Stage 3 Stage 4 5\ Stage 5
STD incidence STD 95% CI STD incidence STD 95% CI  STD incidence STD 95% CI  STD incidence ST ) Sn"_/lo(;;ﬁl STD incidence STD 95% CI
o) M ]
2004 70.3 (67410 73.3) 5.8 (5t06.7) 5.1 (4310 6) 4.9 2L P 2.7 (2.1103.3)
D a'<
2005 79.6 (76.4 to 82.8) 6.8 (5.9 10 7.8) 5.2 (4410 6) 53 [CRT= )1 2.9 (2.3103.6)
(1]
3N
2006 86.9 (83.6 10 90.3) 7.1 (6.2 10 8.1) 6.3 (5.5107.3) 6.2 (5‘330’307.33 35 (2.9 t0 4.2)
— U
2007 84.0 (80.8 to 87.4) 75 (6.5 10 8.5) 5.7 (4.9 10 6.6) 6.4 (S.thg?.% 35 (291t04.2)
n—n-.c 2
2008 92.3 (88.9 10 95.9) 8.1 (7.1109.2) 8.2 (7.3109.3) 5.7 (4.%0?6@) 44 (3.7105.2)
[ONeN
2009 97.8 (94.3 to 101.4) 8.6 (7.6 10 9.7) 7.6 (6.6 t0 8.6) 6.4 (s.iffj& 4.1 (3.4 10 4.9)
SN
2010 106.0 (102.3 t0 109.7) 8.1 (7.1t09.1) 8.3 (7.3 10 9.4) 6.5 (5.3(%%) 3.6 (29104.3)
EX%)
2011 111.6 (107.8 to 115.5) 10.1 (©to11.3) 8.4 (74 109.5) 6.6 (5.367.5 46 (39105.5)
-3
2012 1123 (108.5t0 116.1) 9.5 (8.4 10 10.7) 8.2 (7.2 10 9.3) 6.6 (5.-B07. 47 (410 5.6)
= 3
2013 115.4 (111.6 to 119.4) 103 (9.1t0 11.5) 8.9 (7.9 t0 10.1) 7.4 (680 83) 6.0 (5210 7)
2 T
2014 127.9 (123.9 to 132.1) 11.6 (10.4 to 12.9) 9.4 (8.4 t0 10.6) 7.1 (6.8t0 83 53 (4.5106.2)
- o
Q
2015 141.9 (137.6 to 146.3) 14.0 (12.7 to 15.5) 125 (11.2 to 13.8) 6.5 (5.6 73 6.3 (54107.3)
(@]
%) o
2016 170.5 (165.7 to 175.3) 16.2 (14.7 t0 17.7) 13.2 (11.9 to 14.7) 8.1 (7.§fo 93 6.4 (5.5t07.5)
2017 185.5 (180.5 to 190.6) 17.8 (16.2 t0 19.4) 13.5 (12.2 to 14.9) 8.0 %953 6.7 (5.7t07.8)
g [
(9]
2018 2129 (207.5 t0 218.4) 21.6 (19.9 to 23.4) 147 (13.3 10 16.2) 9.2 (8.1% 10%) 73 (6.3 10 8.5)
-
2019 231.8 (226.2 to 237.6) 22.1 (20.4 to 24) 17.8 (16.2 to 19.5) 8.9 (7.8%) 103) 6.6 (5.7 10 7.6)
Q o
2020 201.7 (196.3 to 207.1) 19.5 (17.8 t021.2) 14.3 (12.9 to 15.8) 8.9 (7.8%0 1039) 7.7 (6.6 10 8.9)
T
2021 263.0 (256.9 t0 269.3) 21.6 (19.9 to 23.5) 18.3 (16.7 t0 20.1) 8.2 (7.2 to 9.@ 7.9 (6.8t09.1)
«Q
2022 244.7 (238.7 t0 250.7) 23.5 (21.6 t0 25.5) 19.9 (18.2t0 21.8) 75 (6.4 10 8, 8.7 (7.6 to 10)
(@]
Abbreviation: STD: standardized; CI: confidence interval oy
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Supplemental Table 3-3, Standardised incidence rate of liver disease by aetiologies (2004 to 2022) 5 S
«Q
2 &
Year ArLD NAFLD Metabolic HBV HCV Autoimmune  Haemochromatosis ArLD Non- Hegatitlg Congestive Toxic Miscellaneous
liver liver disease overlap ArLD @ S hepatopathy liver
disease overlap sp&iﬁeg disease
- =
(DS
STD STD STD STD STD STD STD incidence STD STD 'S_E["ﬁ N STD STD STD incidence
incidence incidence incidence incidence incidence incidence (95% CI) incidence incidence in@%q% incidence incidence (95% CI)
95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95(%/0(jl);ﬁ'I (95% CI) (95% CI)
— U
2004 22.0(20.3 10.8 (9.6 44(3.7t0 06(04t0 3.0(2.4t0 144 (13.2to 3.2(2.6t03.9) 03(02to 04(0.2to 3.6&2@@ 0.6 (0.4 to 1.8(1.3t0 53(4.5t06.1)
to 23.7) to 12) 5.2) 0.9) 3.7) 15.8) 0.6) 0.7) g% =1 0.9) 2.3)
S5 = o
2ad
o< @
2005  21.7(20.1 14.0(12.7 4739to 06(03t0 29(2.3to0 18.4 (16.9 to 4.0(3.3t04.8) 04(02t0 04(02t0 4.0933 6 0.5(0.3to 23 (1.8t 5.8(5t06.7)
to 23.5) to 15.4) 5.5) 1) 3.5) 19.9) 0.7) 0.7) g% g 0.8) 2.9)
=m3
2006 219202 179(16.4 51(44t0 07(04t0 39@32to 17.7 (16.2 to 5.1 (4.3t06) -- 0.8 (0.5 to 4.B(410~ 0.6 (0.3 to 19(1l4to 63(54107.2)
to 23.6) to 19.5) 6) 1.1) 4.7) 19.2) 1.2) (_36) _g 0.9) 2.5)
2007 223206 17.1(15.7 51(44t0 06(04t0 2.8(22to 17.1 (15.7 to 43(3.6t05.1) -- 0.8 (0.5 to 4.9:54.2 2] 0.6 (0.3 to 1.6(1.2to0  6.5(5.6t07.5)
to 24) to 18.6) 6) 1) 3.5) 18.6) 1.2) S8) %. 0.9) 2.1)
S5 O
2008 20.2(18.6  21.2(19.6 4.8 (4to 0.8(0.5t0 3.8(3.1to 20.1 (18.6 to 4.8 (41t05.6) -- 0.6(04t0 6.335.4 2] 0.8 (0.5 to 12(09to 7.4 (6.5t08.4)
to 21.9) t0 22.9) 5.6) 1.2) 4.6) 21.8) 1) 9.2) o 1.2) 1.7)
8 3
S 2.
2009 21.1(195 233(21.6 5547t 07(04t0 32(2.6to 23.8(22.1to 5.6 (4.8 t0 6.6) 05(02to0 05(03t0 4598t 0.6(03to1]) 1.0(0.7to  7.5(6.6 to 8.6)
to 22.8) to 25.1) 6.4) 1.1) 4) 25.6) 0.8) 0.9) %.-3) g 1.4)
2010 209192  28.8(269 52(44t0 08(05t0 3427t 259 (24.1to 5.7 (4.9 t0 6.6) 03(0.2to 0.5(03to 5.3§4.5 @ 0.7 (0.4 to 09(0.6to 7.8(6.81038.8)
to 22.6) to 30.8) 6) 1.1) 4.1) 27.7) 0.6) 0.8) 82 < 1.1) 1.3)
8 c
=
2011 18.8(17.3  32.6(30.6 6.4 (5.5t 1.3 (0.9 to 363 to 24.4 (22.7 to 5.8(5t06.7) 04(02to 0.6(04to 5.%(5 téD 0.4 (0.2 to 1.5(1.1to 9.8 (8.7to 11)
t0 20.4) to 34.7) 7.4) 1.8) 4.4) 26.3) 0.7) 1) %8) L 0.7) 2)
Q
2012 17.3(159  32.6(30.6 81(7.1to0 0.8(0.5t0 42@3.5to 23.0(21.3to 6.3(5.5t07.3) 04(02to 0.6(04to 6.2@5.3 ® 0.8 (0.5 to 14(1to 10.3(9.2to
to 18.9) to 34.7) 9.2) 1.2) 5.1) 24.8) 0.7) 1) 1) o 1.2) 1.9) 11.6)
2013 17.8(16.3  36.0(33.9 8.6 (7.5to 1.0 (0.7 to 4.7 (4 to 18.4 (16.9 to 5.8(5t06.7) 04(02to 0.6(04t0 8.3(7.3 0.8 (0.5 to 1.1 (0.7 to 11.9 (10.7 to
to 19.4) to 38.2) 9.7) 1.5) 5.6) 20) 0.7) 1) 9.4) 1.2) 1.5) 13.2)
2014  17.3(159 452428 84(74t0 0.7(04t0 57(49to 17.8 (16.3 to 6.5(5.6t07.4) 03(02to 0.8(0.5t0 7.8(6.8 0.9 (0.6 to 1.0 (0.6 to 15.6 (14.2 to
to 18.9) to 47.7) 9.5) 1.1) 6.6) 19.3) 0.6) 1.1) 8.9) 1.3) 1.4) 17.1)
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2015

2016

2017

2018

2019

2020

2021

2022

17.8 (16.3
to 19.4)

18.7(17.2
t0 20.3)

20.3 (18.6
t0 22)

19.8 (18.2
t0 21.5)

21.7 (20 to
23.5)

19.9 (18.3
t0 21.6)

22.2(20.4
to 24)

224207
t0 24.2)

547 (52.1
to 57.5)

69.5 (66.6
t0 72.6)

81 (77.7 to
84.3)

100.5
(96.9 to
104.3)

114.9
(110.9 to
118.9)

90.1 (86.6
t0 93.7)

129.6
(1254 to
133.9)

124.5
(120.4 to
128.8)

9.0 (7.9 to
10.2)

12,6 (11.3
to 14.1)

11.8 (10.5
to 13.2)

12.6 (11.3
to 14.1)

13.0 (11.6
to 14.5)

11.5 (10.2
to 12.9)

14.1 (12.7
to 15.7)

152 (13.7
to 16.9)

0.9 (0.6 to
1.4)

1.9(1.4to
2.5)

2.6 (2to
3.2)

2.0(1.5t0
2.5)

252t
3.2)

1.6(1.2to0
22)

1.7 (13 to
2.3)

1.2 (0.9 to
1.7)

52(@44t0
6.1)

6.9 (6 to
8)

7.0 (6.1 to
8.1)

59(5to
6.9)

5.6(4.81t0
6.6)

51(43t0
6)

3.6(2.9to
43)

23 (1810
3)

19.8 (18.2 to
21.5)

19.8 (182 to
21.6)

18.5 (16.9 to
20.2)

20.3 (18.6 to
22.1)

20.3 (18.6 to
22.1)

16.2 (14.7 to
17.9)

19.4 (17.7 to
21.2)

17.0 (15.5 to
18.7)

BMJ Open

6.0 (52 t07)

7.6 (6.6 10 8.7)

7.6 (6.6 10 8.7)

8.5 (7.4 10 9.6)

8.9 (7.8 to 10.1)

7.8 (6.8 t0 8.9)

8.4 (7.4 10 9.6)

9.2 (8 to 10.4)

0.4 (02 to
0.7)

0.6 (0.4 to
1)

0.9 (0.6 to
1.3)

0.8 (0.5 to
1.2)

0.8 (0.5 to
1.2)

0.6 (0.4 to
1)

0.5(0.2 to
0.8)

0.4(02to
0.8)

0.5 (0.2 to
0.8)

1.0 (0.7 to
1.4)

1.0 (0.7 to
1.5)

1.0 (0.7 to
1.4)

0.8 (0.5 to
1.2)

0.9 (0.5 to
1.3)

14 (1to
1.9)

1.3 (09 to
1.8)

. ul ‘ybiAdoo Aq |
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1.0 (0.6 to
1.4)

1.2 (0.8 to
1.7)

12 (0.9 to
1.7)

1.4 (0.9 to
1.9)

1.5(1t02)

1.6(12to
2.2)

1.4 (0.9 t0 2)

1.7(12t0
2.4)

1.1 (0.7 to
1.6)

1.2 (0.8 to
1.6)

1.3(09to
1.7)

1.7(12t0
2.2)

1.2 (0.8 to
1.6)

1.8(1.3to
2.4)

1.5(1.1to
2.1)

1.2(0.8 to
1.7)

17.0 (15.6 to
18.6)

19.4 (17.7 to
21.1)

21.1(19.4 to
22.9)

26.1 (24.2 to
28.1)

27.9 (259 to
30)

31.6 (294 to
33.9)

42.9 (40.4 to
45.5)

335(31.2t0
35.9)

QD
Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B ViruszviH
2

standardised; CI: confidence interval
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Supplemental Table 4-1, Standardised incidence rate of NAFLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% STD STD 95% CI
incidence incidence incidence CI incidence
2004 3.4 (2.8t04.1) 4.2 (3.5t05) 0.5 (0.3100.8) 2.7 (2.1t03.3)
2005 4.6 (3.9t05.4) 52 (44t06.1) 0.3 (0.2 t0 0.6) 39 (3.2t04.6)
2006 6.0 (5.2t07) 72 (6.31t08.3) -- -- 4.4 (3.7t05.3)
2007 6.1 (52t07) 6.7 (5.8t07.7) 0.3 (0.2t0 0.6) 4.0 (3.3t04.8)
2008 6.0 (5.1t06.9) 10.4 (9.2t0 11.6) 0.6 (0.4 t0 0.9) 4.2 (3.5t05)
2009 6.6 (5.71t07.6) 10.7 (9.6 to 12) 0.6 (0.3t00.9) 5.4 (4.61t06.3)
2010 6.8 (5.9t07.8) 14.9 (13.5t0 16.3) 0.7 (0.4to01.1) 6.4 (5.6t07.4)
2011 9.8 (8.7to 11) 154 (14t0 16.9) 0.4 (0.2t00.7) 7.0 (6.1t08)
2012 11.6 (10.4 t0 12.8) 13.8 (12.5t0 15.2) 0.4 (0.2t00.7) 6.9 (6t07.9)
2013 13.0 (11.8to 14.4) 15.2 (13.8t0 16.7) 1.0 (0.7t0 1.4) 6.7 (5.8t07.7)
2014 17.6 (16.2t0 19.2) 18.2 (16.7 to 19.8) 1.1 (0.7to 1.5) 8.2 (72109.3)
2015 21.0 (19.4 t0 22.8) 233 (21.6 t0 25.1) 1.0 (0.7t0 1.4) 9.4 (8.3 t0 10.6)
2016 242 (22.4 t0 26) 325 (30.5 to 34.7) 1.2 (0.8 to 1.6) 11.7 (10.5 to 13)
2017 29.7 (27.7t0 31.7) 35.7 (33.6to 38) 1.3 (0.9t0 1.8) 14.2 (12910 15.7)
2018 389 (36.7 to 41.3) 453 (42.8 t0 47.8) 1.6 (1.1to2.1) 14.7 (13.4t0 16.2)
2019 45.1 (42.7 t0 47.7) 53.4 (50.8 t0 56.2) 1.6 (1.2t02.1) 14.7 (13.3t0 16.2)
2020 45.0 (42.5 t0 47.6) 34.0 (31.9t036.2) 1.9 (1.4t02.5) 9.1 (8.1t010.3)
2021 65.2 (62.2 to 68.3) 52.9 (50.2 to 55.6) 1.5 (1.1to2.1) 10.0 (8.8t0 11.2)
2022 60.5 (57.6 t0 63.5) 58.7 (55.9 t0 61.6) 1.5 (1.1to2) 39 (3.2t04.7)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 4-2, Standardised incidence rate of ArLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% CI STD STD 95% CI
incidence incidence incidence incidence
2004 43 (3.6t05.1) 3.0 (241t03.7) -- - 14.3 (13 to 15.8)
2005 49 (42t05.8) 2.7 (22t03.4) 0.6 (03t01) 134 (12.1to 14.8)
2006 5.0 (43t05.9) 2.7 (2.1t03.3) 0.3 (0.2t0 0.6) 13.8 (12.5t0 15.2)
2007 5.4 (4.6t06.3) 2.3 (1.8t02.9) 0.6 0.4t01) 14.0 (12.7t0 15.4)
2008 4.8 (4.1t05.7) 2.0 (1.5 t02.6) 0.7 (04to01.1) 12.7 (11.4to 14)
2009 5.7 (4.8t06.6) 2.1 (1.6 t0 2.6) 0.9 (0.6t0 1.3) 12.5 (11.2t0 13.8)
2010 5.1 (4.3t06) 25 (1.9t03.1) 0.9 (0.6t0 1.3) 12.5 (11210 13.8)
2011 4.5 (3.8t05.3) 2.5 (1.9to03.1) 0.7 (0.4t01.1) 11.1 (9.9t0 12.4)
2012 4.7 (3.9t05.5) 1.8 (1.4t02.4) 0.7 (04to01.1) 10.1 9to11.3)
2013 4.8 (4 t05.6) 2.0 (1.5t02.6) 0.6 04t01) 10.4 (92t0 11.6)
2014 4.7 (39t05.5) 22 (1.7t0 2.8) 0.6 0.4t01) 9.9 (8.8t 11.1)
2015 44 (3.7t05.3) 2.3 (1.8t03) 0.7 (04to01.1) 104 (9.2t0 11.6)
2016 4.7 (3.9t05.5) 3.9 (3.2t04.7) 0.9 (0.6t0 1.3) 9.3 (8.2t0 10.4)
2017 43 (3.6t05.1) 4.5 (3.7t05.3) 0.6 0.4t01) 10.9 (9.7 to 12.1)
2018 43 (3.5t05.1) 52 (44t06.1) 0.7 04t01) 9.7 (8.6 t0 10.9)
2019 4.8 (4.1t05.7) 5.6 (4.8t06.6) 1.0 (0.6t0 1.4) 10.3 (92t0 11.6)
2020 5.4 (4.6t06.4) 5.0 (42t05.9) 1.1 (0.7to 1.5) 8.4 (7.3t09.5)
2021 4.8 (4t05.7) 7.5 (6.5t0 8.6) 1.3 (0.9t0 1.8) 8.5 (7.5t09.7)
2022 6.1 (52t07.1) 9.7 (8.5t0 10.9) 1.1 (0.8t0 1.6) 5.5 (4.7t06.5)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 5-1 Comorbidities associated with liver disease by stages (2004 to 2022)

[t

Comorbidities Stage 1, N =94,529'  Stage 2, N =4,562! Stage 3, N =3,040' Stage4,N=3, tage 5, N = 2,233!

ysn U8 Buipnjoul ‘1ybuAdod Aq |

oNOYTULT D WN =

CVD related conditions 7,018(7.4%) 587(12.9%) 310(10.2%) 457(14.2%) 264(11.8%)

Diabetes 6,135(6.5%) 612(13.4%) 303(10.0%) 234(7.3%) 200(9.0%)

13 Hypertension/anti-hypertensive 34,022(36.0%) 1,939(42.5%) 1,165(38.3%) 1,232(38.2% 1,006(45.1%)

15 ' n(%)

blep plie 1X3] 0] pajejal se

* (s3gy) insifiadns 1uswaubiasug
| ®p @nbiydeibol|qig ouaby 1e Gzoz ‘6 dunr uo /wod fwg uadofway/:dny woly papgojumoq ‘G20z Alenigad Ot Uo GEEE60-¥Z0z-uadolu

N
(2]
‘salbojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw

42 16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

3
BMJ Open S T Page 48 of 47
c 3
R
2 8
= Q
ESES
L]
- ©
3 8
Supplemental Table 5-2 Comorbidities associated with liver disease by aetiologies (2004-2022) c
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> =]
S
§Hea‘ltitis
Metablic Autoimmune c ® Congestive Toxic liver
ArLD,N = NAFLD, N = HBV,N = HCV,N = Haemochromatosis, g g‘ ot Miscellaneous,
Comorbidities liver disease, liver disease, N 2 g g hepatopathy,  disease, N
19,760! 33,655! 1,063! 3,539! N=4,111" @Bcﬂied, N N = 8,426!
N =5,469! =13,582! Q (:D N N =574 =757
g @17831
- D -
°2u
CVD related conditions 1,442(73%)  1,837(5.5%)  578(10.9%)  54(5.2%) 177(5.5%)  1,159(8.6%) 227(5.6%) BIRET1%) 135(23.6%)  58(7.7%)  885(10.5%)
~5 3
285
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25
P>
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Abstract
Objective

To describe the incidence and key demographic, socioeconomic and clinical characteristics of

individuals with liver disease in Wales.

Design and setting

This study is designed as a retrospective observational study that linked data of anonymised identified
individuals from primary, secondary care and mortality data from the Secure Anonymised Information

Linkage (SAIL) Databank in Wales.

Participants

All Welsh residents who registered with a SAIL contributing general practitioner (GP) and diagnosed
with liver disease from 2004 to 2022.

Primary and secondary outcome measures

Our primary outcome is the annual age-standardised incidence rate of liver disease. Secondary outcome

is the numbers and frequencies of underlying aetiology and the associated comorbidities.

Results

Between 2004 and 2022, 111,098 individuals received a diagnosis of liver disease in Wales and were
included in this study. The incidence of liver disease increased three-fold during the study period (97.7
per 100,000 inhabitants in 2004 to 316.2 per 100,000 inhabitants in 2022). A total of 79,992 individuals
(72%) entered the cohort with the underlying aetiology of liver disease, including alcohol related liver
disease (ArLD), non-alcoholic fatty liver disease (NAFLD), wviral hepatitis, metabolic,
hemochromatosis and autoimmune liver diseases. NAFLD has contributed to most of the change in

incidence.

Conclusions

We observed increasing incidence rates of liver disease in Wales, with NAFLD showing a particularly

sharp increase and frequently identified as an underlying condition. A better understanding of the

2
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incidence of liver disease is the first step towards effective prevention, early detection and targeted

intervention to improve patient outcomes.

Keywords Epidemiology; Hepatology; Non-alcoholic fatty liver disease hepatitis; Alcohol-related liver

disease; Cirrhosis

Word count: 3960
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Strengths and limitations of this study

o The national-scale population-based cohort and long follow-up maximized the generalizability
of our finding.

e By incorporating both in-patient and outpatient data, the study not only expanded the sample
size but also enabled a thorough analysis of liver disease incidence, enhancing understanding
of its clinical implications.

e With the usage of SAIL Databank as the research-ready data asset and the incorporation of
reproducible research pipelines, this study strengthened its reliability and reproducibility.

o Sensitive Read codes for conditions like HBV and HCV could not be included due to regulatory
laws, impacting the completeness and precision of the data analysis.

e The study only included individuals with a history of GP registration and residency information

in Wales, likely overlooking a subpopulation at significant risk for liver disease
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Background

Liver disease is a significant global public health issue and a major contributor to morbidity and
mortality [1]. Globally, cirrhosis and hepatocellular carcinoma account for an estimated two million
deaths every year [2]. In the UK, liver disease has become the third most common cause of premature

death [3], despite mortality rates for other major non-communicable diseases declining [4].

The management of chronic liver disease frequently involves lifestyle modification, including weight
loss and reduced alcohol use, with the goal of reversing factors that can lead to disease progression [5].
As aresult, public health policies in the UK have focussed on prevention and early detection, including
the UK Government's Prevention Green Paper to promote the disease prevention [6], the National
Institute for Health and Care Excellence guidance that focused on tackling obesity [7], and a series of
policies to reduce alcohol-related harm [8]. In November 2022, the Welsh Government published a
Quality Statement for Liver Disease [9], underlying the importance of the awareness of risk factors and
early detection of liver disease, and set out its plans to promote the delivery of better quality, higher

value and more accessible services for individuals with liver disease.

To effectively improve liver disease management, clinicians, researchers and policymakers must be
aware of the epidemiology and clinical profile of the individuals with liver disease. However, a
significant gap remains in the integration of primary, secondary, and mortality data, particularly across
the different liver disease stages and aetiologies. To date, much of the epidemiological data is based on
ICD-10 coding, which is largely derived from secondary care data sources and therefore likely to
underestimate the real-world incidence and prevalence of liver disease [10, 11]. This limitation
currently precludes adequate prioritisation of research, targeting of interventions, and recruitment of
individuals to clinical trials. Understanding the clinical and socio-demographic features associated with
liver disease in a large-scale population is essential for the improvement of disease prevention and
treatment. Therefore, we aim to fill this gap by integrating primary, secondary, and mortality data,
providing a more comprehensive and accurate depiction of liver disease across different stages and

actiologies.

The objective of our study is to describe the incidence of liver disease, as well as the key demographic
and socioeconomic characteristics and the associated comorbidity of liver disease patients in Wales, as

a first step towards improving capacity and capability for liver disease research.

Materials and method
Setting and data source

This study is designed as retrospective cohort study. We used data from the Secure Anonymised

Information Linkage (SAIL) Databank, which contains anonymised, individual-level linked electronic
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health record (EHR) data for Welsh population [12, 13, 14, 15]. The SAIL Databank includes complete
secondary care data and primary care data covering approximately 86% of the Welsh population. These
data reflect the demographic diversity of Wales across age, sex, and levels of deprivation [16] and can
be generalisable to the broader UK population due to demographic similarities [17]. SAIL employs a
split-file anonymisation process using National Health Service (NHS) number, name, sex, date of birth
and postcode, ensuring confidentiality while enabling the linkage of individual-level data sources [13,

16, 18].

To provide a comprehensive overview of liver disease epidemiology, we combined linked primary care,
hospital admissions and mortality data. Primary care data were accessed from the Welsh Longitudinal
General Practice (WLGP) data, which currently uses the Read version 2 clinical coding system and
collects event histories for people registered with a SAIL-supplying general practice in Wales. Hospital
admission data, including in-patient admissions (emergency, elective and maternity) and day-care
procedures, were collected from the Patient Episode Database for Wales (PEDW). Mortality data came
from the Annual District Death Extract (ADDE) by the Office for National Statistics (ONS) death and
contains the cause of death and contributory comorbidities. Both hospital admission and mortality data
were coded using the International Classification of Diseases version 10 (ICD-10) system. We derived
demographic and deprivation data from the Welsh Demographic Service Dataset (WDSD) and used the
Welsh Index of Multiple Deprivation (WIMD) version 2019 quintiles to measure relative area-level
deprivation based on geographical residential location from the Lower-layer Super Output Area (LSOA)

version 2011.

Study population

We linked data from all individuals in the WLGP, PEDW, and ADDE data within the SAIL Databank
using a unique anonymised individual identifier known as Anonymised Linkage Field (ALF).
Individuals were extracted based on ALF and filtered for good data linkage status based on existing
methodology [13, 18]. We excluded individuals not registered with a SAIL-contributing general
practice (GP) or lacking residency information and identified those who received a liver disease
diagnosis from 1% January 2004 to 315t December 2022. The first liver disease diagnosis across all data
sources is considered to be the index liver disease event. Individuals were required to be residents in
Wales at the time of cohort entry. GP registration was required if the index event was from WLGP. All
individuals were followed until the earliest of: GP de-registration (applicable only to individuals whose
index event was identified from WLGP), moving out of Wales, death, or the end of study period
(2022.12.31). GP de-registration is defined as the termination of an individual’s registration with a
SAIL-contributing GP, as indicated by the last end date in the registration records. We divided the full

cohort into four distinct groups: individuals identified in WLGP were assigned to the primary care group;
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those identified in PEDW were assigned to the secondary care group; individuals identified in ADDE
were assigned to the mortality group; and individuals identified across multiple data sources (two or

more) were assigned to a multi-source group.

Measurements
Definition of stages of liver disease and time of cohort entry

We applied a hierarchy of 3 tiers of potential aetiological diagnoses and 5 discrete stages of chronic
liver disease based on perceived clinical importance and natural history of liver disease progression as
was described in our previous study [19]. The first stage is the underlying aetiological conditions
without the presentation of cirrhosis and was divided into 3 tiers. Tier 1 aetiologies of liver disease
include: alcohol-related liver disease (ArLD), non-alcoholic fatty liver disease (NAFLD), metabolic
liver disease, hepatitis B virus (HBV), hepatitis C virus (HCV), autoimmune liver disease,
haemochromatosis; tier 2 aetiologies include: unspecified hepatitis, congestive hepatopathy, and toxic
liver disease, and tier 3 actiologies were other miscellanecous diagnoses. As the disease progresses,
various stages of liver disease were defined as follows: hepatic fibrosis and cirrhosis were categorised
as stage 2, portal hypertension as stage 3, hepatic decompensation as stage 4, and hepatocellular
carcinoma (HCC), intrahepatic cholangio carcinoma (ICC), and other primary liver cancers were
classified under stage 5. Acute liver diseases were analysed separately from chronic liver diseases as
they carry different challenges for primary and secondary care. Acute liver diseases were defined as
conditions including acute viral hepatitis, Budd-Chiari syndrome, acute liver failure, infections and
infarctions, and other unspecified acute liver injuries. A list of ICD-10 and Read v2 codes to identify

individuals with liver disease can be found in Supplemental Table 1.

We defined the time of the first chronic or acute liver disease diagnosis across all data sources as the
index date. To assess the proportion of individuals with liver disease who presented late, the diagnoses
were sequenced according to the natural history of the disease: aetiological diagnoses (stage 1),
followed by cirrhosis, portal hypertension, decompensation and then HCC formation [19]

(Supplemental Fig 1).

Comorbidities and drug prescription history

We collected data on demographic characteristics (age, sex, and WIMD 2019 quintile), with age divided
by birth year in 10-year intervals, except for the 0-17 age group and 18-29 age group. Comorbidities
including cardiovascular disease (CVD) related conditions (heart failure, transient ischaemic attack,

other ischaemic disease, atrial fibrillation, peripheral vascular disease, angina, and stroke), diabetes,
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hypertension, and antihypertensive usage were tracked up to ten years prior to cohort entry. Lists of
ICD-10 and Read v2 codes to identify the associated conditions are available as supplemental tables

(Supplemental Table 2-1, Supplemental Table 2-2).

Incidence of liver disease

The incidence rate was calculated as the number of incident cases per Welsh residents. An incident case
was defined as an individual having a first liver-related diagnosis during the study period (01.01.2004-
31.12.2022) with no prior liver disease history from 1% January 1994 to 31t December 2003. To
determine the most clinically significant aetiology, we only considered the most advanced stage of
diagnosis on incident event date. The Welsh population data was obtained from the ONS population
estimates [20]. The incidence rate was directly standardised using the European Union (EU) standard
population 2013 and were reported per 100,000 inhabitants in each calendar year from 2004 to 2022,
with corresponding 95% confidence intervals (CI). Analysis was repeated for different data sources,

liver disease aetiologies, and stages.

Study findings were reported in accordance with applicable reporting guidelines for observational
studies using administrative data (Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [21] and REporting of studies Conducted using Observational Routinely-
collected Data (RECORD) [22]. Data cleaning, cohort assembly and statistical analyses were performed
using Structured Query Language (IBM Db2 V.11.1) and R (V.4.1.0-V.4.1.3) within the SAIL

Databank privacy-protecting trusted research environment (TRE).

Patient and public involvement

The Liver Research Cymru Patient Advisory group was established to provide PPI input into the
development of research in Wales. The research questions and methodology addressed in this body of
work were developed following discussion of their priorities based upon their lived experience of liver
disease. The results were shared with this group and their feedback was sought in the interpretation and

presentation of these data.

Results
Demographic and socioeconomic characteristics

We identified a total of 111,098 individuals with liver disease from all three data sources from 1%

January 2004 to 315 December 2022, contributing 441,885 person-years of follow-up (Fig 1A). Of the
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eligible individuals, 57,491 (51.7 %) were male. The median (interquartile range [IQR]) age was 59
(47-72). Approximately 50% of the individuals (55,787) entered the cohort after 2016 and 27,178
(24.5 %) individuals came from the most deprived areas. Of the 111,098 individuals, 20,319 (18.3%)
individuals could be tracked from WLGP (primary care data source), forming the primary care group,
56,710 (51.0 %) from PEDW (secondary data source) constituted the secondary care group, and 3,459
(3.1 %) from ADDE (mortality data source) formed mortality group. Additionally, 30,610 (27.5%)
appeared in multiple sources, forming the multi-source group (Fig 1B). The demographic variation is
notable with a higher percentage of male and elderly individuals, and a higher degree of socioeconomic

deprivation in the mortality group (Table 1).

Incidence of chronic liver disease

We observed an increasing trend of liver disease from 2004 to 2022 in the Welsh population. The age-
sex standardised incidence rate increased by 3 times during the 18 years of follow-up (97.7 per 100,000
inhabitants in 2004; 316.2 per 100,000 inhabitants in 2022, Table 2). This was significantly contributed
by a 6.5 times increase in the incidence rate of the primary care group, followed by 4.4 times increase
in the secondary care group. The proportion of incident cases in primary care and secondary care group

increased by 14-16% during the past 2 decades (Fig 2A — 2C, Supplemental Table 3-1).

The incidence of liver disease has risen across all stages, with stage 2 (cirrhosis) and stage 3 diagnoses
(portal hypertension) experiencing the most notable increase from 2004 to 2022 (stage 2 by 4 times;
stage 3 by 3.9 times). However, the increases in the higher-stage liver disease cases were less
pronounced, particularly for stage 4 (1.5 times). Consequently, the proportion of more advanced liver
disease diagnoses decreased (stage 4 and stage 5: 8.6% in 2004, 5.3% in 2022, decreased by 1.62 times
since 2004, Fig 3A — 3C, Supplemental Table 3-2).

We further analysed the stage 1 aetiologies by each diagnosis. We observed the most notable increase
in the incidence of NAFLD (10.8 per 100,000 inhabitants in 2004, 124.5 per 100,000 inhabitants in
2022, increased 11 times since 2004), resulting a 3.4 time increase in the proportion and ultimately
accounting for over half of the cases by the end of our follow-up. Conversely, the proportion of ArLD
cases decreased by 71%, given that the incidence rate remained unchanged during the past 2 decades
(Fig 4A — 4B, Supplemental Table 3-3). A breakdown of NAFLD incidence by data sources
demonstrated the 14 and 18 times increases in the primary care and the secondary care group,
respectively (Supplemental Table 4-1). In contrast, the increase in the incidence of ArLD in the primary

care group was more than twice that of the secondary care group (Supplemental Table 4-2).

We did not observe an increasing trend for HBV and HCV. Both conditions fluctuated during the past
2 decades, with HBV cases increasing by 4.3 times and HCV cases 2.3 times from 2004 to 2017,
followed by a decrease from 2018 to 2022 (HBV by 1.7 times; HCV by 2.6 times). Consequently, the
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proportion of HBV and HCV cases decreased from 2004 to 2022 (HBV by 2.3 times; HCV by 8.6 times,
Fig 4A — 4C, Supplemental Table 3-3).

Underlying liver disease conditions

Of the 111,098 individuals with liver disease, 79,992 (72.0 %) entered the cohort due to a tier 1
aetiology. This was mainly contributed by the high prevalence of NAFLD (33,655 [30.3%]). Most
NAFLD cases were identified in the primary care group (13,565 [66.8 %]), and the least NAFLD cases
in the mortality group (727 [21.0 %]). This aligns with the distribution of individuals with tier 1
actiology, which’s proportion was the highest in the primary care group (18,453 [90.8 %]), and the
lowest in the mortality group (1,728 [50.0 %]). In contrast, tier 2 and tier 3 diagnoses were higher in
the secondary care group. The proportion of advanced liver disease stages was lower in the primary
care group (stage 3: 166 [0.8 %], stage 4: 53 [0.3 %], stage 5: 121 [0.6 %]), but higher in the mortality
group (stage 4: 276 [8.0 %], stage 5: 473 [13.7 %]) (Table 3).

Comorbidities associated with liver disease

Amongst all eligible individuals with liver disease, 40,427 (36.4%) individuals had onset hypertension
or initiated an antihypertensive medication, followed by 8,923 (8.0%) individuals who had
cardiovascular disease (CVD) related conditions, and 7,658(6.9%) who had diabetes. We observed the
higher proportions of comorbidities in the mortality group (CVD: 11.2%; diabetes: 8.1%;
hypertension/antihypertensive: 39.7%), and the lowest in the primary care group (CVD: 4.2%; diabetes:
6.3%; hypertension/antihypertensive: 35.7%) (Table 4). The burden of comorbidities was the lowest for
individuals with stage 1 liver disease conditions, but higher for late-stage (CVD highest for stage 4:
14.2%; hypertension/antihypertensive for stage 5: 45.1%) and stage 2 individuals (diabetes: 13.4%)
(Supplemental Table 5-1). Amongst the individuals who entered the cohort with a stage 1 aetiology,
individuals with congestive hepatopathy had the highest rates of hypertension/antihypertensive (47.6%)
and CVD conditions (23.6%), while those with NAFLD had the highest rates of diabetes (8.4%)
(Supplemental Table 5-2).

Discussion

In this large-scale population-based study, we observed that the incidence of liver disease had increased
dramatically in Wales during the past two decades. Notably, NAFLD played a significant role in this

rise, with its incidence and proportion increasing sharply.
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The rapid increase in the incidence rate of liver disease observed in our study is similar to our previous
findings in Wales [19], where a 3.6-fold increase was observed in the in-patient chronic liver disease
cases between 2001 and 2019, aligning with the trends presented in our secondary care data. This was
mainly driven by the 11-fold increase in NAFLD incidence. Other studies, such as P Nasr's et al work
in Sweden [23], reported a 2-fold increase in the incidence rate of NAFLD during 2005-2019. Similarly,
H Tian et al [24] used data from the Global Burden of Disease study 2019 and showed an increase of
95.4% of NAFLD globally from 1990 to 2019. A systematic review that included 578 studies
demonstrated a 13% higher prevalence of NAFLD during the year 2011-2021 compared with year 2000-
2010 [25]. A community study in the USA reported a 5-fold increase in the NAFLD incidence from
1997 to 2014 [26]. However, none of these findings compare to our observation in Wales. This
substantial difference may be partly attributed to our inclusion of primary care data, which experienced
more rapid increase than inpatient data and thus boosted the NAFLD incidence across the study
population. The high prevalence of obesity [27] and rapidly increasing incidence of diabetes [28] in
Wales in the recent decades may also have attributed to the sharp increase of NAFLD, as these
metabolic factors including obesity [29, 30] and insulin resistance were considered to be strongly linked
to NAFLD due to metabolic dysfunctions [31, 32]. This observation is further supported by our
observation of autoimmune liver disease, which is not linked to metabolic factors and remained
unchanged during our study period, highlighting the lifestyle-related nature of the increase in NAFLD.
Another interesting observation related to NAFLD is the high proportion of those with comorbidities.
NAFLD evolves in those with metabolic syndrome, and these comorbidities are used to define the more
recently adopted term metabolic associated fatty liver disease [33]. In keeping with this definition of
NAFLD, we observed a high proportion of individuals having onset comorbidities such as hypertension,
diabetes, CVD related conditions up to 10 years prior to their first liver disease diagnosis. The
multimorbidity amongst people living with liver disease is anticipated considering the increasing
incidence of NAFLD and the high prevalence of obesity in Wales, and this will require engagement
with primary care practitioners to address their complex multidisciplinary healthcare needs and to

identify those at risk of significant liver disease early in the disease trajectory [34].

Contrary to previous European studies showing a decline in ArLD incidence [19, 35], our research
observed a resurgence after 2015 following a slight decrease from 2004 to 2014. We believe that
changes in drinking habits [36, 37] and government actions on alcohol pricing and taxation [38] likely
influenced the declining trend before 2015, while the resurgence after 2015 was contributed by the
inclusion of outpatient data from the primary care group. The addition of primary care data could
explain the discrepancy in our results compared to the prior studies that focused solely on in-patients,
filling the gap by providing a broader perspective by including outpatient data [19, 35]. Similar to ArLD,
the incidence of HBV increased until 2017, then sharply dropped after the year of 2018. The observed
decrease in the incidence of HBV and HCV post-2020 could be attributed to the initiatives outlined in
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the Welsh Health Circular, which seeks to meet the goal of eradicating HBV and HCV as a major public
health concern [39]. This trend may represent the effort in better case finding and eradication, which
led to reduced transmission for HCV, and enhanced vaccination and viral suppression for HBV [40].
Additionally, disruptions caused by the COVID-19 pandemic may also have played a role in this decline
[41].

It is worth to mention our observation on the increasing number of incident cases identified from
primary care data, particularly after 2015. This observation, together with the rapid increase in NAFLD
and ArLD incidence, indicated an increasing detection rate of liver disease in primary care at an early
stage. This change might be attributed to the implementation of the Wales Liver Disease Delivery Plan,
which emphasised the importance of early detection and ensure that ‘excellent care’ is accessible when
necessary [42]. Another notable trend observed during our study period is the decreasing proportion of
severe late-stage presentations, such as hepatic decompensation. Additionally, we observed a declining
trend in the proportion of individuals who died from liver disease without receiving a prior diagnosis.
This is to say, despite the increasing incidence of liver disease, there is a promising indication that more
individuals were identified as the result of early detection. This provides the healthcare system with
more opportunities for early-stage intervention. Early detection of liver disease has been linked to
improved long-term outcomes, and a series of reviews and guidelines [43, 44] emphasize the importance
of thorough evaluation and timely referral for patients with abnormal liver function tests (LFTs).
Despite these recommendations, adherence remains inconsistent, and the factors influencing clinicians’
referral practices—including potential barriers and motivating factors—are not well understood. This
issue is especially pressing in the context of rising obesity rates and the emergence of new weight-loss
therapies, both of which carry significant implications for liver health. Consequently, further research
is essential to assess how integrated care models and early detection strategies might reduce liver disease

progression and mortality.

Our study has several strengths. First, it utilised the national-scale setting and created a population-
based cohort with long-term follow-up, which allowed us to maximise the generalisability of our
findings to the wider population. Furthermore, by combining primary care, secondary care, and
mortality data, our study uniquely expands on previous research and addresses a significant gap in
understanding liver disease [10, 11]. This novel approach increased our sample size by at least 20%,
allowing us to provide a more comprehensive view of liver disease incidence and characteristics.
Specifically, this integrated data approach enabled us to: 1, capture a broader range of liver disease
cases, reducing the likelihood of underestimating case numbers and ensuring a more accurate
representation of disease incidence; and 2, include patients from diverse healthcare settings, each with
unique clinical characteristics, which allowed for a detailed comparison across these settings and a
deeper understanding of liver disease in varied clinical contexts. Additionally, a significant strength of

the study is the consistency of coding practices in Wales, which have not changed in response to funding
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incentives [45]. This stability helps mitigate potential biases and misdiagnoses, providing a more
reliable and objective reflection of disease incidence and management trends. Another strength lies in
the reproducibility and the use of the SAIL Databank as a research-ready data asset (RRDA). By
incorporating reproducible research pipelines, we standardized and documented the cohort curation
process. This enhances the study's reliability and reproducibility, enabling other researchers to replicate

our findings and explore further research questions within the same framework.

Our study is also vulnerable to several limitations. Regulatory laws associated with the SAIL Databank
prohibited the inclusion of conditions classified as sensitive in our analysis. For instance, the sensitive
Read codes for HBV and HCV could not be extracted along with the rest of the cohort, resulting in
potentially incomplete data for these conditions, affecting the completeness and precision of our data
analysis. Our study exclusively included individuals who had a history of GP registration and residency
information in Wales. Consequently, we likely overlooked individuals were unable to register with a
GP, a subpopulation that represents a group at significant risk for liver disease. The exclusion may also
introduced a potential underestimation of the true incidence rate of liver disease in the primary care
data. Moreover, there may be changes in diagnostic practices and healthcare-seeking behaviour over
the study period that could influence the observed trends and introduce variations, potentially affecting
the accuracy of our findings regarding liver disease incidence and management. Furthermore, due to
the observational nature and design of our study, we were unable to establish causal relationships

between the onset of liver disease and other comorbidities.

Conclusion

Our study observed a significant rise in the incidence of liver disease in Wales over the past two decades,
primarily driven by the increase in NAFLD. The high prevalence of comorbid conditions among liver
disease patients and the increased role of primary care in disease identification highlight the need for
integrated healthcare approaches to address this growing public health concern. A better understanding
of the incidence of liver disease, driven by a more comprehensive analysis of the integrated primary
and secondary care data, is essential as a foundation for effective prevention, early detection, and

targeted interventions to improve patient.
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consideration to each project to ensure proper and appropriate use of SAIL data. When access has been
approved, it is gained through a privacy-protecting trusted research environment (TRE). SAIL has
established an application process to be followed by anyone who would like to access data via SAIL
https://www.saildatabank.com/application-process . This study has been approved by the IGRP as
project 1492. The research adhered to ethical guidelines and Data Protection Act 2018 to ensure the

privacy and confidentiality of all data subjects involved.

The reproducible SQL and R code, and code lists to identify study individuals are available on Github:
https://github.com/SwanseaUniversityDataScience/1492-LDCP

Ethics statements

Patient consent for publication
Not applicable.
Ethics approval

The study uses anonymised data only, and ethical approval was not required for this secondary use of

data. See the following weblink: https://saildatabank.com/data/
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Figure Legends

Fig. 1 Flowchart of study population selection (Fig.1A) and Venn diagram of study cohort
composition (Fig.1B)

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General
Practice; ADDE: Annual District Death Extract

Fig. 2 Changes in Standardised Incidence per 100,000 Inhabitants by Data Source (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by data sources. The x-axis represents time in years, and the y-axis represents incidence
rate in Fig.2A, percentages in Fig.2B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.2C.

Fig. 3 Changes in Standardised Incidence per 100,000 Inhabitants by Stages (2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by stages. The x-axis represents time in years, and the y-axis represents incidence rate in
Fig.3A, percentages in Fig.3B.

Line chart presenting the trends in annual Furopean age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.3C.

Fig. 4 Changes in Standardised Incidence per 100,000 Inhabitants by Liver Disease Aetiologies
(2004-2022)

Bar chart presenting the changes in annual European age-sex standardised incidence rate and
percentages by aetiologies. The x-axis represents time in years, and the y-axis represents incidence rate
in Fig.4A, percentages in Fig.4B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.4C.

Abbreviations: ArLD: alcohol related liver disease; NAFLD: non-alcoholic fatty liver disease; HBV:
hepatitis B virus; HCV: hepatitis C virus

* ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies (ArLD, NAFLD,
HBV, HCV, metabolic, hemochromatosis and autoimmune liver diseases) and one of them was ArLD;
Non-ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies but none of
them was ArLD.
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Table 1. Demographic and socioeconomic characteristics of liver disease patients

Demographic Full cohort, N = Primary care Secondary care Mortality group, Multi-source
characteristics 111,098! group, N =20,319'  group, N =56,710! N = 3,459! group, N =30,610!
Sex
Male 57,491(51.7%) 10,478(51.6%) 27,558(48.6%) 2,019(58.4%) 17,436(57.0%)
Female 53,607(48.3%) 9,841(48.4%) 29,152(51.4%) 1,440(41.6%) 13,174(43.0%)
Age
0-17 1,445(1.3%) 342(1.7%) 814(1.4%) <10 (<0.3%) <290 (<1.0%)
18-29 5,862(5.3%) 1,447(7.1%) 3,486(6.1%) <40 (<1.2%) <900 (<0%)
30-39 10,109(9.1%) 2,520(12.4%) 5,099(9.0%) 143(4.1%) 2,347(7.7%)
40-49 15,370(13.8%) 3,744(18.4%) 6,316(11.1%) 421(12.2%) 4,889(16.0%)
50-59 22,799(20.5%) 5,356(26.4%) 9,332(16.5%) 705(20.4%) 7,406(24.2%)
60-69 23,264(20.9%) 4,271(21.0%) 11,026(19.4%) 758(21.9%) 7,209(23.6%)
70-79 19,189(17.3%) 2,117(10.4%) 11,335(20.0%) 693(20.0%) 5,044(16.5%)
80+ 13,060(11.8%) 522(2.6%) 9,302(16.4%) 702(20.3%) 2,534(8.3%)

Cohort entry year

2004-2007 17,099(15.4%) 1,949(9.6%) 7,345(13.0%) 617(17.8%) 7,188(23.5%)
2008-2011 17,554(15.8%) 2,513(12.4%) 8,484(15.0%) 705(20.4%) 5,852(19.1%)
2012-2015 20,658(18.6%) 3,109(15.3%) 10,682(18.8%) 731(21.1%) 6,136(20.0%)
2016-2019 30,448(27.4%) 6,0683(32.9%) 15,521(27.4%) 749(21.7%) 7,495(24.5%)
2020-2022 25,339(22.8%) 6,065(29.8%) 14,678(25.9%) 657(19.0%) 3,939(12.9%)
WIMD 2019
quintiles
1, most 27,178(24.5%) 4,417(21.7%) 14,012(24.7%) 928(26.8%) 7,821(25.6%)
deprived
2 24,391(22.0%) 4,203(20.7%) 12,411(21.9%) 858(24.8%) 6,919(22.6%)
3 21,066(19.0%) 3,828(18.8%) 10,802(19.0%) 647(18.7%) 5,789(18.9%)
4 19,619(17.7%) 3,949(19.4%) 9,855(17.4%) 545(15.8%) 5,270(17.2%)
5, least deprived 18,844(17.0%) 3,922(19.3%) 9,630(17.0%) 481(13.9%) 4,811(15.7%)
(%)

Abbreviations: PEDW: Patient Episodes Dataset for Wales, WLGP: Welsh Longitudinal General Practice

dataset, ADDE: Annual District Deaths Extract, WIMD: Welsh Index of Multiple Deprivation
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Table 2. Crude and standardised incidence of chronic liver disease from 2004 to 2022

Year Wales Incident cases Crude incidence (95% CI) STD incidence (95% CI)
population

2004 3,131,640 3,060 97.7 (94.3 - 101.2) 97.7 (94.2 - 101.3)
2005 3,105,633 3,403 109.6 (105.9 - 113.3) 109.4 (105.7 - 113.2)
2006 3,104,483 3,670 118.2 (114.4-122.1) 118.7 (114.9 - 122.6)
2007 3,087,732 3,537 114.6 (110.8 - 118.4) 115.1(111.3-119.0)
2008 3,083,840 3,867 125.4 (121.5-129.4) 126.3 (122.3 - 130.4)
2009 3,081,366 4,008 130.1 (126.1 - 134.2) 131.7 (127.7 - 135.9)
2010 3,077,165 4,268 138.7 (134.6 - 142.9) 140.6 (136.4 - 144.9)
2011 3,072,739 4,519 147.1 (142.8 - 151.4) 149.9 (145.5 - 154.4)
2012 3,073,788 4,546 147.9 (143.6 - 152.3) 150.6 (146.3 - 155.1)
2013 3,071,058 4,733 154.1 (149.8 - 158.6) 158.0 (153.5 - 162.6)
2014 3,070,928 5,145 167.5 (163.0 - 172.2) 172.5 (167.7-1717.3)
2015 3,063,758 5,659 184.7 (179.9 - 189.6) 192.2 (187.2-197.4)
2016 3,049,971 6,548 214.7 (209.5 - 220.0) 225.7(220.2 - 231.3)
2017 3,038,872 6,981 229.7 (224.4 - 235.2) 243.2(237.4-249.1)
2018 3,025,867 7,953 262.8 (257.1 - 268.7) 279.1 (272.9 - 285.4)
2019 3,006,299 8,481 282.1 (276.1 - 288.2) 301.2 (294.8 - 307.8)
2020 2,985,668 7,327 245.4 (239.8 - 251.1) 264.0 (257.8 - 270.2)
2021 2,969,309 9,136 307.7 (301.4 - 314.1) 332.0 (325.0 - 338.9)
2022 2,957,422 8,596 290.7 (284.5 - 296.9) 316.2(309.4 - 323.1)

Abbreviation: STD: standardised; CI: confidence interval
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Table 3. The underlying liver disease conditions at cohort entry

Phenotype Full cohort, N = Primary care Secondary care Mortality group, Multi-source
111,098! group, N = group, N = N =3,459! group, N =
20,319! 56,710! 30,610!
Chronic liver disease
Stage 1 - tier 1 79,992(72.0%) 18,453(90.8%) 35,102(61.9%) 1,728(50.0%) 24,709(80.7%)

- ArLD

- NAFLD

- Metabolic liver disease
-HBV

-HCV

- Autoimmune liver disease
- Haemochromatosis

- ArLD overlap

- Non ArLD overlap

19,760(17.8%)

33,655(30.3%)
5,469(4.9%)
1,063(1.0%)
3,539(3.2%)

13,582(12.2%)
4,111(3.7%)

799(0.7%)

371(0.3%)

2,116(10.4%)

782(3.8%)
0(0.0%)
0(0.0%)

815(4.0%)

13,565(66.8%)

1,209(6.0%)

15(0.1%)

<20(<0.1%)

4,566(8.1%)
13,444(23.7%)
3,887(6.9%)
905(1.6%)
2,697(4.8%)
9,060(16.0%)
<940(<1.7%)
158(0.3%)

228(0.4%)

887(25.6%)
727(21.0%)
69(2.0%)
0(0.0%)
13(0.4%)
199(5.8%)
<10(<0.2%)
173(5.0%)

<10(<0.2%)

12,191(39.8%)
5,919(19.3%)
731(2.4%)
158(0.5%)
829(2.7%)
3,508(11.5%)
1,958(6.4%)
453(1.5%)

123(0.4%)

Stage 1 - tier 2 6,111(5.5%) 81(0.4%) 4,906(8.7%) 127(3.7%) 997(3.3%)
- Hepatitis not specified 4,783(4.3%) 11(0.1%) 3,867(6.8%) 102(2.9%) 803(2.6%)
- Congestive hepatopathy 574(0.5%) <10(<0.1%) 514(0.9%) <10(<0.2%) <60(<0.2%)
- Toxic liver disease 757(0.7%) 68(0.3%) 526(0.9%) 21(0.6%) 142(0.5%)
Stage 1 - tier 3 8,426(7.6%) 36(0.2%) 8,132(14.3%) 37(1.1%) 221(0.7%)
- Miscellaneous 8,426(7.6%) 36(0.2%) 8,132(14.3%) 37(1.1%) 221(0.7%)
Stage 2 4,562(4.1%) 506(2.5%) 1,664(2.9%) 690(19.9%) 1,702(5.6%)
- Hepatic fibrosis 261(0.2%) 64(0.3%) 135(0.2%) <10(<0.2%) <60(<0.2%)
- Cirrhosis 4,301(3.9%) 442(2.2%) 1,529(2.7%) 682(19.7%) 1,648(5.4%)
Stage 3 3,040(2.7%) 166(0.8%) 2,171(3.8%) 43(1.2%) 660(2.2%)
- Portal hypertension 3,040(2.7%) 166(0.8%) 2,171(3.8%) 43(1.2%) 660(2.2%)

Stage 4 3,221(2.9%) 53(0.3%) 2,517(4.4%) 276(8.0%) 375(1.2%)
- Hepatic decompensation 3,221(2.9%) 53(0.3%) 2,517(4.4%) 276(8.0%) 375(1.2%)
Stage 5 2,233(2.0%) 121(0.6%) 341(0.6%) 473(13.7%) 1,298(4.2%)
- Hepatocellular carcinoma 748(0.7%) 71(0.3%) 83(0.1%) 86(2.5%) 508(1.7%)
- Intrahepatic cholangio 1,455(1.3%) 47(0.2%) 232(0.4%) 387(11.2%) 789(2.6%)
carcinoma

- Other primary liver cancer 39(0.0%) <10(<0.1%) 26(0.0%) <10(<0.2%) <10(<0.1%)
Acute liver disease

Acute liver disease 3,513(3.2%) 903(4.4%) 1,877(3.3%) 85(2.5%) 648(2.1%)

- Budd-Chiari 184(0.2%) <10(<0.1%) 144(0.3%) <20(<0.1%) 20(0.1%)
- Acute liver failure 27(0.0%) <30(<0.2%) 0(0.0%) 0(0.0%) <10(<0.1%)
- Infection/infarction 1,343(1.2%) 62(0.3%) 757(1.3%) 67(1.9%) 457(1.5%)
- Other non-specified acute liver 71(0.1%) 45(0.2%) <20(<0.1%) 0(0.0%) <10(<0.1%)
injuries
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Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B
virus; HCV: hepatitis C virus
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Table 4. Comorbidities associated with liver disease

Comorbidities Full cohort, N = Primary care Secondary care Mortality group,  Multi-source group, N =
111,098! group, N = group, N = N = 3,459! 30,610!
20,319! 56,710!
CVD related conditions 8,923(8.0%) 852(4.2%) 5,362(9.5%) 385(11.2%) 2,324(7.6%)

Diabetes 7,658(6.9%)

Hypertension/antihypertensives 40,427(36.4%)

1,271(6.3%)

7,248(35.7%)

3,577(6.3%)

20,361(35.9%)

279(8.1%)

1,368(39.7%)

2,531(8.3%)

11,450(37.4%)

'n(%)

Abbreviation: CVD: cardiovascular disease; COPD: chronic obstructive pulmonary disease
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Allindividuals recorded in PEDW, WLGP, and ADDE data sources
N=5,482,158

Excluded

ividuals with poor quality dala:

Individuals with good quality data, and complete GP
registration and Wales residency information
N=4,738,237

als without complete GP

Excluded

ot recalve &
iagnosis

(2004.01.01 - 2022.12.31)
N=4627.139

Individuals with good quality data, complete GP regi
and Wales residency information, and received a quaiified
liver disease diagnosis during study period (2004.01.01 - 2022.12.31)

N= 111,008
Secondary care group Primary care group Mortality group Multi-source group
N=56710 N=20319 N=3458 N=30610
ADDE WLGP
(Mortality group) (Primary care group)
379
3459 (IS} 20319
(3.11%) (18.3%)
6138
(5.52%)
8146 15947
(7.33%) (14.4%)
56710
(51%)
PEDW

(Secondary care group)

(Fig.1B)

Fig. 1 Flowchart of study population selection (Fig.1A) and Venn diagram of study cohort composition

Abbreviations: PEDW: Patient Episode Database for Wales; WLGP: Welsh Longitudinal General Practice;

ADDE: Annual District Death Extract
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Fig. 4 Changes in Standardised Incidence per 100,000 Inhabitants by Liver Disease Aetiologies (2004-2022)
Bar chart presenting the changes in annual European age-sex standardised incidence rate and percentages
by aetiologies. The x-axis represents time in years, and the y-axis represents incidence rate in Fig.4A,
percentages in Fig.4B.

Line chart presenting the trends in annual European age-sex standardised incidence rate. The x-axis
represents time in years, and the y-axis represents incidence rate in Fig.4C.

Abbreviations: ArLD: alcohol related liver disease; NAFLD: non-alcoholic fatty liver disease; HBV: hepatitis B
virus; HCV: hepatitis C virus

* ArLD overlap: if an individual had 2 or more diagnoses from liver disease aetiologies (ArLD, NAFLD, HBV,
HCV, metabolic, hemochromatosis and autoimmune liver diseases) and one of them was ArLD; Non-ArLD
overlap: if an individual had 2 or more diagnoses from liver disease aetiologies but none of them was ArLD.
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Record the tier 1 diagnosis as index event,
the date of cohort entry as index day

7LD, NAFLD, metabolic lver clisease, HBY, HCV, autoimmune iver disease,
haemchromatasis, ArLD overlap, nos-ArLD cverlap

Record the stage 3 diagnosis as index event,
the date of cohort entry as index day

portal hypertension

YES

Is there a stage 4 diagnosis
throughout the disease progression?

Is there a tier 2 diagnosis
throughout the disease progression?

Is there a stage 3 diagnosis
throughout the disease progression?

NO

YES

Record the stage 4 diagnosis as index event,

the date of cohort entry as index day

hepatic deccmpens tion

HO

Is there a stage 5 diagnosis
throughout the disease progression?

Record the stage 2 diagnosis as index event,
the date of cohort entry as index day

hegatic fibrasis, cirhosis

YES

Record the stage 5 diagnosis as index event,
the date of cohort entry as index day

hepatoceliuar carcinoma, inrahepatic cholangie carcinoma,

NO

Record the acute liver diagnosis as index

YES

Record the tier 2 diagnosis as index event,
the date of cohort entry as index day

hepatts not specified, cangestive hepatapathy, taxic lver disease

NO

Is there a tier 3 diagnosis
the disease prog i

Is there a stage 2 diagnosis
t g the disease progressi

NO

Record the tier 3 diagnosis as index event,
the date of cohort entry as index day

miscallaneous

ves

Supplemental Fig. 1 Flowchart for Identifying Index Events and Determining Cohort Entry

Date.

This flowchart illustrates the decision rules for identifying the index event and determining the cohort
entry date for study participants. The index date is defined as the date of the first diagnosis between

2004 and 2022. The actiological diagnoses throughout the disease progression were identified as the

index event entering the cohort. If no aetiological diagnosis is present, the index event is defined

based on the following sequence: stage 2 diagnoses, stage 3 diagnoses, stage 4 diagnoses, and stage 5

diagnoses.
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The decision flow proceeds as follows:

Tier 1 Diagnosis: If present at any point during the disease progression, the tier 1 diagnosis is
recorded as the index event, and the date of the cohort entry is the index day. Tier 1 diagnoses include
ArLD, NAFLD, metabolic liver disease, HBV, HCV, autoimmune liver disease, and
haemochromatosis.

Tier 2 Diagnosis: If there is no tier 1 diagnosis, the presence of a tier 2 diagnosis is checked. If
present, it is recorded as the index event, and the date of cohort entry is the index day. Tier 2
diagnoses include hepatitis not specified, congestive hepatopathy, and toxic liver disease.

Tier 3 Diagnosis: In the absence of tier 1 and tier 2 diagnoses, the presence of a tier 3 diagnosis is
checked. If found, it is recorded as the index event. Tier 3 diagnoses include miscellaneous
conditions.

Stage 2 Diagnosis: If none of the Stage 1 diagnoses are present, the presence of a stage 2 diagnosis is
considered. If found, it is recorded as the index event. Stage 2 diagnoses include hepatic fibrosis and
cirrhosis.

Stage 3 Diagnosis: If no stage 1 or stage 2 diagnoses are present, a stage 3 diagnosis is checked next.
If found, it is recorded as the index event. Stage 3 diagnoses include portal hypertension.

Stage 4 Diagnosis: If the stage 1, stage 2, and stage 3 diagnoses are absent, a stage 4 diagnosis is
checked. If present, it is recorded as the index event. Stage 4 diagnoses include hepatic
decompensation.

Stage 5 Diagnosis: If no above diagnoses are found, a stage 5 diagnosis is considered. If found, it is
recorded as the index event. Stage 5 diagnoses include hepatocellular carcinoma, intrahepatic
cholangiocarcinoma, other primary liver cancer.

Acute Liver Diagnosis: If none of the chronic diagnoses are present, an acute liver diagnosis is
checked. If found, it is recorded as the index event. Acute liver diagnoses include acute viral hepatitis,

Budd-Chiari, acute liver failure, infections/sepsis, and other non-specified acute liver injuries.
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Phenotype

ICD10 codes

Read codes

Acute viral hepatitis

Acute liver failure

Budd-Chiari

Infection/infarction

Other non-specified acute liver

injuries

Autoimmune liver disease

Haemochromatosis

Metabolic liver disease

HBV~

HCV*

Alcohol-related liver disease

Non-alcoholic fatty liver disease

Hepatitis not specified

Congestive hepatopathy

Toxic liver disease

Miscellaneous

Hepatic fibrosis

Cirrhosis

Portal hypertension

B15,B19, B16, B17 (B171 excluded), B172,

B178,B179, B180, B159, B169, B199

K720

1820

K750, K763, K751

K752

K754, K743, K831, K753

E831

E880, E830

B181,B180

B182

K70

K760, K7581

K769, K7589, K73

K761, K762, K765

K71

K764, K768, K77

K740, K741, K742

K703, K744, K745, K746, K749

K766, 181, 1859, 1982, 185

A70z1, AyuB0, XE2u., Q4090, A700., A701.,
A7052, A70.., A706., A708., A709., A70z., A70G.,

A704., AyuB3

J6000

G820.

J62..,J620., 16200, J6201, J6202, J6203, 16204,

1620z, A053.,J634., J621.

J63y1

J63B.,J6141,J6160, J6617, J63X.

C3500

C3762, C3761, C3510

AT0E., A70F.

J613.,16130, J612.,J6120, J610.,J617.,16170, J611.

J61y1, J61y8

Jyu72,J614y

J630., J636., J637.

J635., 16350, J6351, J63252, 16353, 16354, J6355,

16356, 16357, J635X

J638., Jyu73, J63yz, Jyu75

J61y4, 161y6, I61y5

J6161, J616z, J6152

J623., G81.., G8523, G852., G8521, G8522, G852z
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Hepatic decompensation K721, K767,1850, K72, C220 J624., SP143, G850., G8520, J625., B1503, BB5D7,
BB5D5, BB5D8
Hepatocellular carcinoma C220 B1503, BB5D7, BB5SD5, BB5DS
(HCC)
Intrahepatic cholangio C221 B150.
carcinoma (ICC)
Other primary liver cancers C222, C223, C224, C225, C226. C227 B808.

*We identified Read codes(A7071, A7073, ZV02B, Q4091, 43B4., A7070, A7051, A7072, A70z0,

AT70A., A70B., A70C., A70D., A70E.,A70F., ZV02C) and ICD-10 codes (B180, B181, B182) for

HBYV and HCV. However, in order to comply with Data Protection Act 2018 and the UK General

Data Protection Regulation, we could not include Read codes (A7071, A7073, ZV02B, Q4091, 43B4.,

A7070, A7051, A7072, A70z0, A70A., A70B., A70C., A70D., ZV02C) and ICD-10 codes (B171) as

these were flagged as sensitive in the latest version of known sensitive code list of SAIL Databank.
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Supplemental Table 2-1 ICD-10 code list for identifying comorbidities

Comorbidities

ICD-10 codes

Atrial fibrillation

Angina

Asthma

Diabetes

Heart failure

Hypertension

1481, 1482

1200, 1201, 1208, 1209

J45

E09, E10, E102, E103, E11, E13, K86

150, 1501, 1502, 1503, 1508

110, 111,112, 113, 115

Peripheral vascular disease E106, E116, 170

Renal disease

Stroke 1691, 161, 163, 164, 160, 166, G45.0, G45.1, G45.3, G46.0, G46.2, G45.8, 165, G46.1, 45.9,
G45.2,G45.4
Transient ischaemic attack 161, 163, 166

Other ischaemic

N18

120, 121, 122, 123, 124, 125

5
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3 Supplemental Table 2-2 Read codes list for identifying comorbidities c
. = <
5 S
6 Comorbidities ~ Read codes ) '|o'|
)
7 @ m =)
8 Atrial 14AN., 14AR., 3272, 3273, 8CMW2, G573., G5730, G5731, G5732, G5733, G5734, G5735, G5736, G5737, G5738, G5739, G573z, 3272,2320;3%]93M1, 793M3
9 323
10 fibrillation SN
) ‘3" Q
11 Sa ¢
12 Angina G3112, G33.., G330., G3300, G330z, G33z., G33z3, G3327, G33zz, 662K., 662K0, 662K1, 662K2, 662Kz, 8B27., G33z1, G33z2, G33z5, gﬁiﬁ@G34y0, Gyu30
13 22s
n—o-.c =)
14 Asthma H33.., H330., H3300, H3301, H330z, H331., H3310, H3311, H331z, H332., H333., H334., H335., H33z., H3320, H33z1, H3322, H33zz, % @0
15 23
16 oc o
17 Diabetes 66AJ., 66AJ1, 66AJz, 66An., 66A0., 8CR2., 90LA., 9OLA., C10.., C100., C1000, C100z, C101., C1010, C1011, C101y, C102., C1020, C%Zﬂ; &022, C103., C1030, C1031, C103y, C103z, C104.,
wo
18 C1040, C1041, C104y, C104z, C105., C1050, C1051, C105y, C105z, C106., C1060, C1061, C106y, C106z, C107., C1070, C1071, C1072, Elgg]@ C1074, C107y, C107z, C108., C1080, C1081, C1082,
=YY=
>~ =
;g C1083, C1084, C1085, C1086, C1087, C1088, C1089, C108A, C108B, C108C, C108D, C108E, C108F, C108G, C108H, C108J, C108y, C¥88z,©€109., C1090, C1091, C1092, C1093, C1094, C1095,
> =
21 C1096, C1097, C1099, C109A, C109B, C109C, C109D, C109E, C109F, C109G, C109H, C109J, C109K, C10A., C10A0, C10A1, C10A2, glOAg C10A4, C10AS, C10A6, C10A7, C10AW, C10AX,
22 5 =
23 C10B., C10B0, C10C., C10D., C10E., C10E0, C10E1, C10E2, C10E3, C10E4, C10ES5, C10E6, C10E7, C10ES8, C10E9, C10EA, C10EB, CJB)ECgCIOED, C10EE, C10EF, C10EG, C10EH, C10EJ,
Q 2
24 CI0EK, C10EL, CI0EM, C10EN, C10EP, C10EP, C10EQ, CI0ER, C10F., C10F0, C10F1 C10F2, CI0F3, C10F4, C10FS, C10F6, C10F7,£10Fg C10FA, C10FB, C10FC, C10FD, C10FE, CI0FF,
25 > 2
26 C10FG, C10FH, C10FJ, C10FK, C10FL, C10FM, C10FN, C10FP, C10FQ, C10FR, C10FS, C10G., C10G0, C10H., C10HO, C10K., CIOKQ%CI@/I., C10MO0, C10N., C10NO, C10N1, C10P., C10PO,
27 C10P1, C10y., C10y1, C10yy, C10yz, C10z., C1020, C10z1, C10zy, C10zz, F372., F3720, F3721, F3722, 1434, 14F4., 14P3., 90L9. % S
28 = >
29 =
Heart failure G58.., G580., G5800, G5801, G5802, G5803, G5804, G581., G5810, G582., G583., G584., G58z., G232., G234., Glyzl, 101.., 662W., 66@., 8@9., 8H28., 90r0., G400., G41z., G5540, G5540,
30 S o
31 G5yy9, G5yyA, R2y10, 5851, 585g., 14A6., 14AM., 1736, 1J60., 23E1., 388D., 662T., 662f., 662g., 662h., 662i., 679X., 8CL3., SHBE., SPg—IZ.,g-Ig& 8HKO., 9NOk., 9N2p., ON4s., 9N4w., ON6T.,
Q o
:g 90n.., 90n0., 90n1., 90n2., 90n3., 90n4., 90r.., 90r1., 90r2., 90r3., 90r4., 90r5., h1.., 9hll1., 9h12., 9hH.., 9hHO., 9hH1., G581., HS4..$—154@D H5410, H541z, H54z., H584., H584z, ZRad.
T
34 . 2
35 Hypertension 14A2., G2..., G20.., G200., G201., G202., G203., G20z., G21.., G210., G2100, G2101, G210z, G211., G2110, G2111, G211z, G21z., G21z0, G & 1, G21zz, G22.., G220., G221., G222., G22z., G23..,
]
36 G230., G231., G232., G233., G234., G23z., G24.., G240., G2400, G240z, G241., G2410, G241z, G244., G24z., G24z0, G24z1, G24zz, G25.., G@O., G251., G26.., G27.., G28.., G2y.., G2z.., 6627,
37 w
38 6628, 662F., 662G., 6620., 662b., 662c., 662d., 662r., 7Q01., 8B26., 8BLO., 8I3N., F4042, F4213, G672., Gyu2., L122., L1220, L1221, L1223, Ig222, L127., L1272, L128., L1280, L1282, Gyu21
39 &
40 B
41 g
42 6 =
. . . . - aQ
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Comorbidities Read codes % @
s g
=] S
Peripheral G73.., G734., G73y., G73z., G7320, G73zz, Gyu74, 2G63., A3AQF, C107., C1070, C1071, C1073, C1074, C107z, C108G, C109F, C109F, Cl1 OEJg, C10FF, G700., G702., G702z, G731., G7310,
o
=
vascular G731z, G732., G7320, G7321, G733., G73y0, G73yl1, G73yz, G740., G742z, M271., M2710, M2713, R0550, R0550 S m o
™S 2
disease ‘2 4 o
Da'<
228
Renal disease 1Z213.,1Z14.,1Z1H., 1Z1J., 1Z1K., 1Z1L., K050., K054., K055., K060., K060., K08z., KOD.., 1210., 1Z17.,1Z18., 1Z11., 1Z19., 1Z1A., @13.,3215., 1Z16.,1Z1B., 1Z1C., 1Z1D., 1Z1E., 1Z1F.,
- D -
>
1Z1G., % ~9
L=
n—o-.c 2
Stroke Gé6..., G61.., G610., G611., G612., G613., G614., G615., G616., G617., G618., G619., G61X., G61X0, G61X1, G612., G63.., G630., G631 .m 33, G633., G634., G63y., G63y0, G63y1, G63z., G64..,
oo
c o
G640., G6400, G641., G6410, G64z., G6470, G64z1, G6472, G6473, G64z4, G66.., G660., G661., G662., G663., G664., G665., G666., G6@,‘§668., G67.., G670., G671., G6710, G6711, G671z,
P>
G677.,G6770, G6771, G6772, G6773, G6774, G679., G67y., G672., Goy.., G67Z. 3 % g
ERZE:
(g_ =
Transient G65z., G652z, G65z1, G65y., 14AB., G6520, Fyu55, G65.., G65.., G650., G651., G6510, G652., G653., G654., G655., G656., G657., G65yj,>F4§36, 14AB0O
= ©
ischaemic =5 §
SRS
ttack 2 -r?)
a @ 2
ENE]
Other G33z4, G34.., G34y., G34y0, G34yl1, G34yz, G34z., G34z0, G3y.., G3z.., G31y3, G332., 6A2.., 6A4.., 8B3k., 8H2V., G3..., G31.., G3110, §31ng3 1y2, G31lyz, G340., G343., G344., Gyu3., Gyu32,
w o
ischaemic Gyu33 3 3
T
Anti- bil.., bill., bil2., bil3., bil4., bil5., bil6., bil7., bil8., bil9., bilA., bilB., bilC., bilH., bill., bilJ., bilK., bila., bilb., bilc., bild., bilg., Elh.,éﬂi., bilj., bilk., bill, bilm., biln., bilo., bilp., bilq.,
= >
hypertensive bilr., bilv., bilw., bilx., bily., bilz., bi2.., bi21., bi22., bi23., bi24., bi25., bi26., bi27., bi29., bi2A., bi2B., bi2C., bi2D., bi2E., bi2F., bi2G.33i2]—ﬁ, bi2J., bi2K., bi2L., bi2M., bi2a., bi2t., bi2u., bi2v.,

bi2w., bi2x., bi2y., bi2z., bi3.., bi31., bi32., bi33., bi34., bi35., bi36., bi37., bi38., bi39., bi3a., bi3b., bidc., bi3c., bi3d., bi3d., bi3e., bi3f., bl‘%., b%l., bili., bi3j., bi3k., bi3l., bi3m., bi3q., bi3r., bidy.,
bi4.., bid1., bi42., bi43., bid4., bid5., bi46., bi47., bid9., bi4A., bidB., bi4C., bi4D., bi4E., bi5.., bi51., bi52., bi53., bi54., bi57., bi58., bi6.., bs?61., g;éZ., bi63., bi64., bi65., bi66., bi67., bi68., bi69., bi6A.,
bi6B., bi6C., bi6D., bi6E., bi6F., bi6G., bi6o., bi6p., bibq., bi6r., bibs., bi6t., bibu., bi6v., bibw., biéx., biby., bi6z., bi7.., bi71., bi72., bi73., bi74.,3§§i8.‘, bi81., bi82., bi82., bi83., bi83., bi84., bi84., bi85.,
bi86., bi&6., bi&7., bi87., bi88., bi88., bi89., bi89., bi8a., bi9.., bi9l., bi92., bi93., bi%4., bi%4., bi95., bi95., bi%6., bi%6., bi97., bi98., bi99., bi%A., %A., bidz., biA.., biAl., biA2., biA3., biA4., biB..,

biB1., biB2., biB3., biBx., biBy., biBz., biC.., biC1., biC2., biC3., biC4., biC5., biC6., bk3.., bk31., bk32., bk33., bk34., bk37., bk38., bk3B., bk3é::, bk3D., bk3E., bk3F., bk3G., bk3H., bk4.., bk41.,
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5 g
6 bk42., bk43., bk44., bk45., bk46., bk4A., bk4B., bk4C., bkds., bk4t., bk4u., bkdv., bkdw., bk5.., bk51., bk52., bk53., bk54., bk55., bk56., bﬁ,bgl bk72., bk73., bk74., bk75., bk76., bk77., bk78.,
o
=
7 bk79., bk7z., bk8.., bk81., bk82., bk83., bk84., bk85., bk8z., bk9.., bk91., bk92., bk92., bk93., bk9x., bk9y., bk9z., bkB.., bkB1., bkB2., bk B&),I_Hl@ bkBS5., bkB6., bkJ.., bkJ1., bkJ2., bkJ3., bkJ4.,
8 DS 2
9 bkJ5., bkJ6., bdlic, bdl.., bd11., bd12., bd13., bd14., bdl5., bd16., bd17., bd18., bd19., bd1A., bd1B., bd1C., bd1D., bd1E., bd1F., bd1G. b‘ﬂlﬁg,gc‘dl.l.,bdlK.,bdlL.,bdlM.,ble.,ble.,ble.,
0o'<
10 bd1Q., bdIR., bd1S., bd1T., bd1U., bd1V., bd1W., bd1X., bd1Y., bd1Z., bdla., bdlb., bdlc., bdld., bdle., bd1f, bdlg., bdlh., bdli., bdlj. %d@(@)dll bdll., bdlm., bdln., bdlo., bdlp., bdlr., bdlr.,
n &3y
12 bdls., bdlt, bdlu., bdlv., bdlw., bdlx., bdly., bdlz, bd2.., bd21., bd22., bd23., bd2w., bd2x., bd2y., bd3.., bd31., bd32., bd34., bd35., bd3g;, gdy bd3a., bd3b., bd3c., bd3c., bd3d., bd3e., bd3f.,
13 bd3g., bd3h., bd3i., bd3;., bd3k., bd3l.,, bd3x., bd3z., bd4.., bd41., bd4z., bd5.., bd51., bd52., bd53., bd54., bd55., bd56., bd57., bd58., bd59. %c%agbdﬁ bd5u., bd5v., bdSw., bd5x., bdSy., bdé.., bd61.,
14
15 bd62., bd64., bd65., bd66., bd67., bd68., bd6b., bd6e., bd6d., bd6e., bdéw., bdéx., bd6z., bd7.., bd71., bd72., bd7y., bd7z., bd8.., bd81. bd8§_ gdSS bd84., bd85., bd86., bd87., bd88., bd89., bd8a.,
oS o
16 bd8b., bd8c., bd8d., bd8e., bd8f., bd8g., bd8h., bd8i., bd8k., bd8l., bd8m., bd8n., bd8o., bd8u., bd9.., bda.., bdal., bda2., bda3., bda4., bday. &bdazo'bdb bdc.., bdcl., bdcl., bde2., bde3., bde4., bdc5.,
17
18 bdcu., bdev., bdew., bdex., bdd.., bdd1., bddl., bdd2., bddz., bde.., bdel., bde2., bde3., bde4., bde5., bde6., bde7., bde8., bde9., bdeQ., bdeRShﬂbE bdeb., bdec., bded., bdee., bdef., bdeg., bdeh., bdei.,
19 bdej., bdek., bdel., bdf.., bdfl., bdf2., bdf3., bdf4., bdf5., bdf5., bdf6., bdf6., bdf7., bdf3., bdf9., bdfA., bdfB., bdfC., bdfD., bdfE., bdfF., bdé bgH bdfl., bdfJ., bdfK., bdfL., bdfM., bdfw., bdfx.,
20
21 bdfy., bdfz., bdg.., bdgl., bdg2., bdh.., bdh1., bdh2., bdh3., bdh4., bdi.., bdil., bdi2., bdj.., bdjl., bdj2., bdj3., bdj4., bdj5., bdl.., bdll., bdll. ‘,delz %dB bdl4., bdl5., bdl6., bdl7., bdl8., bdl8., bdm..,
2; bdml., bdm2., bdmy., bdmz., bdn.., bdnl., bdn2., bdn3., bdn4., bdn5., bdn6., bb3.., bb31., bb32., bb33., bb34., bb35., bb36., bb37., bb38., bh89 %SA bb3B., bb3C., bb3D., bb3F., bb3G., bb3H.,
2
24 bb3J., bb3K., bb3L., bb3M., bb3N., bb30., bb3P., bb3Q., bb3a., bb3b., bb3d., bb3e., bb3f., bb3g., bb3h., bb3i., bb3j., bb3k., bb3l., bb3m., l‘)%3n HJb3p bb3q., bb3r., bb3s., bb3v., bb3w., bb3x., bb3y.,
;2 bb3z., blS.., bl51., bl52., bl53., bl54., bISS., blS6., bIST., bISS., bIS9., bISA., bISB., bI5C., bl5D., bISE., bISF., bISG., bISH., blS1., bl5J., blSKgble bISM., bISN., bl50., bI5P., bl5Q., bI5SR., bISS., bIST.,
27 bI5SU., bI5V., bISV., bISW., bISW., bISX., bI5Y., bISZ., bl5a., bl5b., bl5c., bl5d., bl5e., bl5f., blSg., blSh., bl5j., bl5k., bl51., bl5m., bl5n., blSé bl% bl5q., bl5r., blSs., blSt., bl5u., bl5v., blSw., bl5x.,
;g bl5y., bl5z., bl7.., bl71., bl72., bl73., bl74., bl7w., bl7x., bl7y., bl7z., bl8.., bI81., bI82., bI83., bI84., bI85., bI86., bI8Y., bISA., bI8B., bI8C., l;BSD <b.18E bI8F., bI8G., bI8H., bI8J., bI8K., bISL., bI8M.,
30 bl8O., bl8P., bl8Q., bI8R., bISS., bI8T., bl8U., bI8V., bISW., bl8X., bI8Y ., bI8Z., bl8a., bl8b., bl&c., bl&d., bl8e., bIST., bl8g., bl8h., bl8i., bng, blS‘lP bl8l., bl8m., bl8n., bl8o., bl8p., bl8q., bl8r., bl8s.,
31
32 bl8t., bl8u., bl8v., bl8w., bl8x., bl8y., bl8z., bla.., bla.., blal., blal., bla2., bla2., blb.., blbl., blb2., blb3., blb4., blb5., blb5., blb6., blb6. blbﬁ blbg blc.., blel., ble2., blc3., ble4., blc5., blco., blc7.,
33 blc8., blc9., blca., blcb., blcc., bled., blce., blcf,, bleg., blch., blci., blcj., blck., blcl., blem., blen., blco., blcp., blcq., bler., blcs., blct., ble.., bl'el b;l@Z ble3., ble4., ble5., blg.., bigl., blg2., blg3., blg4.,
34
35 blgs., blgt., blh.., blh1., blh2., blh3., blh4., blj.., blj1., blj2., blj3., blj4., blj5., blj6., blj7., blj8., blj9., bljA., bljB., bliC., bliD., bliE., bljF., bljG., blg{., bljJ., bljK., bliL., bljM., bljN., bljO., bliP., bljQ.,
b=
36 bljR., bljS., biT., bljU., bljV., bljW., bljX., bljY., bliZ., blja., bljb., bljc., bljd., blje., bljf,, bll.., bll1., bl12., blI3., bll4., blI5., bll6., bl17., blI8., bl19.ghlla., bllb., bllc., blld., blle., blIf,, bllg., bllh., blli., bllj.,
37 w
38 bllk., bllL, dtl.., dt13., dt14., b2...,, b21.., b211,,b212., b213., b214., b215., b216., b217., b218., b219., b21A., b21B., b21a., b21b., b22..,, b221., bR2., b22y., b227., b23.., b231., b232., b23y., b23z,,
39 8
40 B
41 _g
42 8 c
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b24..,b25..,b251., b25z., b26.., b261., b262., b263., b264., b26y., b26z., b27..,b271., b27z., b28.., b281., b282., b283., b284., b285., b286::ﬁ287l5‘b288., b289., b28z., b29.., b291., b29z., b2a.., b2al.,
=}
=T
b2az., b2b.., b2bl., b2b2., b2b3., b2bz., b2c¢.., b2¢cl., b2cz., b2d.., b2d1., b2dz., bAl.., bAll., bA12., bAly., bAlz., bilD., bilE., bilF., bilC& Fllllg" bilf., bils., bi28., bi2b., bi3n., bi3p., bi3s., bi3t.,
™S 2
bi3u., bi3v., bi3w., bi3x., bi48., bi4F., bi55., bi56., biC7., biC8., bk35., bk36., bk39., bk3A., bk3y., bk3z., bk47., bk48., bk49., bk4x., bk4y.,‘_ﬁl<§@zggbk57., bk58., bk59., bk5x., bkSy., bk5z., bk86., bk87.,
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Supplemental Table 3-1. Standardised incidence rate of liver disease by data sources (2004 to 2022)

PEDW only group WLGP only group ADDE only group Two or more data sources
TS T e S T smesear S ampesa S aposiar
2004 41.2 (38.9t0 43.5) 13.5 (12.2to0 14.9) 3.8 (3.1t0 4.5) 39.2 (37.1t0 41.5)
2005 49.6 (47.2t0 52.1) 15.3 (13.9t0 16.8) 3.8 (3.1t04.5) 40.7 (38.5t0 43)
2006 54.4 (51.9t0 57.1) 16.1 (14.7 to 17.6) 3.7 (3.1t0 4.5) 44.4 (42.1t0 46.9)
2007 54.8 (52.2t0 57.5) 13.9 (12.6t0 15.3) 4.5 (3.7t05.3) 41.9 (39.6 to 44.3)
2008 59.3 (56.6 to 62.1) 18.0 (16.5 to 19.6) 5.5 (4.7t06.4) 435 (41.2t045.9)
2009 63.9 (61.1 to 66.9) 18.5 (17 t0 20.1) 5.5 (4.7t06.5) 43.7 (41.4t0 46.2)
2010 67.4 (64.5 to 70.4) 21.7 (20.1t0 23.4) 5.6 (4.7t06.5) 459 (43.5t0 48.4)
2011 74.1 (71.1 to0 77.3) 23.6 (21.8t025.4) 5.1 (4.31t06) 47.1 (44.7 t0 49.6)
2012 76.3 (73.2t0 79.5) 21.5 (19.9t023.2) 5.5 (4.7t06.4) 473 (44.9t0 49.9)
2013 82.7 (79.4 to 86) 22.3 (20.6 to 24.1) 6.0 (5.1t06.9) 47.1 (44.6 t0 49.6)
2014 90.3 (86.9 to 93.8) 26.2 (24.4t028.1) 6.1 (53t07.1) 49.8 (47.3t052.4)
2015 99.1 (95.5 t0 102.8) 322 (30.2 to 34.3) 6.2 (53t07.2) 54.7 (52.1t0 57.5)
2016 115.9 (112 to 120) 45.1 (42.7 to 47.6) 6.4 (5.5t07.4) 58.3 (55.5t0 61.1)
2017 122.9 (118.8t0 127.2) 48.9 (46.4 to 51.5) 6.5 (5.5t07.5) 64.9 (62 to 67.9)
2018 141.0 (136.5t0 145.5) 62.5 (59.7 to 65.5) 7.1 (6.1t08.2) 68.5 (65.5t0 71.7)
2019 157.6 (152910 162.4) 71.4 (68.4 to 74.6) 6.4 (54t07.4) 65.8 (62.8 t0 68.9)
2020 153.3 (148.5t0 158.1) 50.2 (47.6 t0 52.8) 8.7 (7.6109.8) 51.9 (49.2 to 54.7)
2021 197.5 (192.1 to 203) 73.4 (70.2 to 76.6) 7.5 (6.5 t0 8.6) 53.5 (50.8 to 56.4)
2022 182.1 (176.9t0 187.4) 88.6 (85.1t092.1) 7.9 (6.9t09.1) 37.6 (35.2t0 40.1)

Abbreviation: STD: standardized; CI: confidence interval

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplemental Table 3-2 Standardised incidence rate of liver disease by disease stages (2004 to 2022)

a 0} Buipnjoul ‘1ybruAdoo Aq |

=
o
©
1]
3
N
o
N
&
o
(]
w
w
w
a1
o
ju
Year Stage 1 Stage 2 Stage 3 Stage 4 5\ Stage 5
STD incidence STD 95% CI STD incidence STD 95% CI  STD incidence STD 95% CI  STD incidence ST ) Sn"_/lo(;;ﬁl STD incidence STD 95% CI
o) M ]
2004 70.3 (67410 73.3) 5.8 (5t06.7) 5.1 (4310 6) 4.9 2L P 2.7 (2.1103.3)
D a'<
2005 79.6 (76.4 to 82.8) 6.8 (5.9 10 7.8) 5.2 (4410 6) 53 [CRT= )1 2.9 (2.3103.6)
(1]
3N
2006 86.9 (83.6 10 90.3) 7.1 (6.2 10 8.1) 6.3 (5.5107.3) 6.2 (5‘330’307.33 35 (2.9 t0 4.2)
— U
2007 84.0 (80.8 to 87.4) 75 (6.5 10 8.5) 5.7 (4.9 10 6.6) 6.4 (S.thg?.% 35 (291t04.2)
n—n-.c 2
2008 92.3 (88.9 10 95.9) 8.1 (7.1109.2) 8.2 (7.3109.3) 5.7 (4.%0?6@) 44 (3.7105.2)
[ONeN
2009 97.8 (94.3 to 101.4) 8.6 (7.6 10 9.7) 7.6 (6.6 t0 8.6) 6.4 (s.iffj& 4.1 (3.4 10 4.9)
SN
2010 106.0 (102.3 t0 109.7) 8.1 (7.1t09.1) 8.3 (7.3 10 9.4) 6.5 (5.3(%%) 3.6 (29104.3)
EX%)
2011 111.6 (107.8 to 115.5) 10.1 (©to11.3) 8.4 (74 109.5) 6.6 (5.367.5 46 (39105.5)
-3
2012 1123 (108.5t0 116.1) 9.5 (8.4 10 10.7) 8.2 (7.2 10 9.3) 6.6 (5.-B07. 47 (410 5.6)
= 3
2013 115.4 (111.6 to 119.4) 103 (9.1t0 11.5) 8.9 (7.9 t0 10.1) 7.4 (680 83) 6.0 (5210 7)
2 T
2014 127.9 (123.9 to 132.1) 11.6 (10.4 to 12.9) 9.4 (8.4 t0 10.6) 7.1 (6.8t0 83 53 (4.5106.2)
- o
Q
2015 141.9 (137.6 to 146.3) 14.0 (12.7 to 15.5) 125 (11.2 to 13.8) 6.5 (5.6 73 6.3 (54107.3)
(@]
%) o
2016 170.5 (165.7 to 175.3) 16.2 (14.7 t0 17.7) 13.2 (11.9 to 14.7) 8.1 (7.§fo 93 6.4 (5.5t07.5)
2017 185.5 (180.5 to 190.6) 17.8 (16.2 t0 19.4) 13.5 (12.2 to 14.9) 8.0 %953 6.7 (5.7t07.8)
g [
(9]
2018 2129 (207.5 t0 218.4) 21.6 (19.9 to 23.4) 147 (13.3 10 16.2) 9.2 (8.1% 10%) 73 (6.3 10 8.5)
-
2019 231.8 (226.2 to 237.6) 22.1 (20.4 to 24) 17.8 (16.2 to 19.5) 8.9 (7.8%) 103) 6.6 (5.7 10 7.6)
Q o
2020 201.7 (196.3 to 207.1) 19.5 (17.8 t021.2) 14.3 (12.9 to 15.8) 8.9 (7.8%0 1039) 7.7 (6.6 10 8.9)
T
2021 263.0 (256.9 t0 269.3) 21.6 (19.9 to 23.5) 18.3 (16.7 t0 20.1) 8.2 (7.2 to 9.@ 7.9 (6.8t09.1)
«Q
2022 244.7 (238.7 t0 250.7) 23.5 (21.6 t0 25.5) 19.9 (18.2t0 21.8) 75 (6.4 10 8, 8.7 (7.6 to 10)
(@]
Abbreviation: STD: standardized; CI: confidence interval oy
o
=
«Q
Q
©
=.
11 =
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. . . . s o
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Supplemental Table 3-3, Standardised incidence rate of liver disease by aetiologies (2004 to 2022) 5 S
«Q
2 &
Year ArLD NAFLD Metabolic HBV HCV Autoimmune  Haemochromatosis ArLD Non- Hegatitlg Congestive Toxic Miscellaneous
liver liver disease overlap ArLD @ S hepatopathy liver
disease overlap sp&iﬁeg disease
- =
(DS
STD STD STD STD STD STD STD incidence STD STD 'S_E["ﬁ N STD STD STD incidence
incidence incidence incidence incidence incidence incidence (95% CI) incidence incidence in@%q% incidence incidence (95% CI)
95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95% CI) 95%CI)  (95% CI) (95(%/0(jl);ﬁ'I (95% CI) (95% CI)
— U
2004 22.0(20.3 10.8 (9.6 44(3.7t0 06(04t0 3.0(2.4t0 144 (13.2to 3.2(2.6t03.9) 03(02to 04(0.2to 3.6&2@@ 0.6 (0.4 to 1.8(1.3t0 53(4.5t06.1)
to 23.7) to 12) 5.2) 0.9) 3.7) 15.8) 0.6) 0.7) g% =1 0.9) 2.3)
S5 = o
2ad
o< @
2005  21.7(20.1 14.0(12.7 4739to 06(03t0 29(2.3to0 18.4 (16.9 to 4.0(3.3t04.8) 04(02t0 04(02t0 4.0933 6 0.5(0.3to 23 (1.8t 5.8(5t06.7)
to 23.5) to 15.4) 5.5) 1) 3.5) 19.9) 0.7) 0.7) g% g 0.8) 2.9)
=m3
2006 219202 179(16.4 51(44t0 07(04t0 39@32to 17.7 (16.2 to 5.1 (4.3t06) -- 0.8 (0.5 to 4.B(410~ 0.6 (0.3 to 19(1l4to 63(54107.2)
to 23.6) to 19.5) 6) 1.1) 4.7) 19.2) 1.2) (_36) _g 0.9) 2.5)
2007 223206 17.1(15.7 51(44t0 06(04t0 2.8(22to 17.1 (15.7 to 43(3.6t05.1) -- 0.8 (0.5 to 4.9:54.2 2] 0.6 (0.3 to 1.6(1.2to0  6.5(5.6t07.5)
to 24) to 18.6) 6) 1) 3.5) 18.6) 1.2) S8) %. 0.9) 2.1)
S5 O
2008 20.2(18.6  21.2(19.6 4.8 (4to 0.8(0.5t0 3.8(3.1to 20.1 (18.6 to 4.8 (41t05.6) -- 0.6(04t0 6.335.4 2] 0.8 (0.5 to 12(09to 7.4 (6.5t08.4)
to 21.9) t0 22.9) 5.6) 1.2) 4.6) 21.8) 1) 9.2) o 1.2) 1.7)
8 3
S 2.
2009 21.1(195 233(21.6 5547t 07(04t0 32(2.6to 23.8(22.1to 5.6 (4.8 t0 6.6) 05(02to0 05(03t0 4598t 0.6(03to1]) 1.0(0.7to  7.5(6.6 to 8.6)
to 22.8) to 25.1) 6.4) 1.1) 4) 25.6) 0.8) 0.9) %.-3) g 1.4)
2010 209192  28.8(269 52(44t0 08(05t0 3427t 259 (24.1to 5.7 (4.9 t0 6.6) 03(0.2to 0.5(03to 5.3§4.5 @ 0.7 (0.4 to 09(0.6to 7.8(6.81038.8)
to 22.6) to 30.8) 6) 1.1) 4.1) 27.7) 0.6) 0.8) 82 < 1.1) 1.3)
8 c
=
2011 18.8(17.3  32.6(30.6 6.4 (5.5t 1.3 (0.9 to 363 to 24.4 (22.7 to 5.8(5t06.7) 04(02to 0.6(04to 5.%(5 téD 0.4 (0.2 to 1.5(1.1to 9.8 (8.7to 11)
t0 20.4) to 34.7) 7.4) 1.8) 4.4) 26.3) 0.7) 1) %8) L 0.7) 2)
Q
2012 17.3(159  32.6(30.6 81(7.1to0 0.8(0.5t0 42@3.5to 23.0(21.3to 6.3(5.5t07.3) 04(02to 0.6(04to 6.2@5.3 ® 0.8 (0.5 to 14(1to 10.3(9.2to
to 18.9) to 34.7) 9.2) 1.2) 5.1) 24.8) 0.7) 1) 1) o 1.2) 1.9) 11.6)
2013 17.8(16.3  36.0(33.9 8.6 (7.5to 1.0 (0.7 to 4.7 (4 to 18.4 (16.9 to 5.8(5t06.7) 04(02to 0.6(04t0 8.3(7.3 0.8 (0.5 to 1.1 (0.7 to 11.9 (10.7 to
to 19.4) to 38.2) 9.7) 1.5) 5.6) 20) 0.7) 1) 9.4) 1.2) 1.5) 13.2)
2014  17.3(159 452428 84(74t0 0.7(04t0 57(49to 17.8 (16.3 to 6.5(5.6t07.4) 03(02to 0.8(0.5t0 7.8(6.8 0.9 (0.6 to 1.0 (0.6 to 15.6 (14.2 to
to 18.9) to 47.7) 9.5) 1.1) 6.6) 19.3) 0.6) 1.1) 8.9) 1.3) 1.4) 17.1)
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2015

2016

2017

2018

2019

2020

2021

2022

17.8 (16.3
to 19.4)

18.7(17.2
t0 20.3)

20.3 (18.6
t0 22)

19.8 (18.2
t0 21.5)

21.7 (20 to
23.5)

19.9 (18.3
t0 21.6)

22.2(20.4
to 24)

224207
t0 24.2)

547 (52.1
to 57.5)

69.5 (66.6
t0 72.6)

81 (77.7 to
84.3)

100.5
(96.9 to
104.3)

114.9
(110.9 to
118.9)

90.1 (86.6
t0 93.7)

129.6
(1254 to
133.9)

124.5
(120.4 to
128.8)

9.0 (7.9 to
10.2)

12,6 (11.3
to 14.1)

11.8 (10.5
to 13.2)

12.6 (11.3
to 14.1)

13.0 (11.6
to 14.5)

11.5 (10.2
to 12.9)

14.1 (12.7
to 15.7)

152 (13.7
to 16.9)

0.9 (0.6 to
1.4)

1.9(1.4to
2.5)

2.6 (2to
3.2)

2.0(1.5t0
2.5)

252t
3.2)

1.6(1.2to0
22)

1.7 (13 to
2.3)

1.2 (0.9 to
1.7)

52(@44t0
6.1)

6.9 (6 to
8)

7.0 (6.1 to
8.1)

59(5to
6.9)

5.6(4.81t0
6.6)

51(43t0
6)

3.6(2.9to
43)

23 (1810
3)

19.8 (18.2 to
21.5)

19.8 (182 to
21.6)

18.5 (16.9 to
20.2)

20.3 (18.6 to
22.1)

20.3 (18.6 to
22.1)

16.2 (14.7 to
17.9)

19.4 (17.7 to
21.2)

17.0 (15.5 to
18.7)

BMJ Open

6.0 (52 t07)

7.6 (6.6 10 8.7)

7.6 (6.6 10 8.7)

8.5 (7.4 10 9.6)

8.9 (7.8 to 10.1)

7.8 (6.8 t0 8.9)

8.4 (7.4 10 9.6)

9.2 (8 to 10.4)

0.4 (02 to
0.7)

0.6 (0.4 to
1)

0.9 (0.6 to
1.3)

0.8 (0.5 to
1.2)

0.8 (0.5 to
1.2)

0.6 (0.4 to
1)

0.5(0.2 to
0.8)

0.4(02to
0.8)

0.5 (0.2 to
0.8)

1.0 (0.7 to
1.4)

1.0 (0.7 to
1.5)

1.0 (0.7 to
1.4)

0.8 (0.5 to
1.2)

0.9 (0.5 to
1.3)

14 (1to
1.9)

1.3 (09 to
1.8)
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1.0 (0.6 to
1.4)

1.2 (0.8 to
1.7)

12 (0.9 to
1.7)

1.4 (0.9 to
1.9)

1.5(1t02)

1.6(12to
2.2)

1.4 (0.9 t0 2)

1.7(12t0
2.4)

1.1 (0.7 to
1.6)

1.2 (0.8 to
1.6)

1.3(09to
1.7)

1.7(12t0
2.2)

1.2 (0.8 to
1.6)

1.8(1.3to
2.4)

1.5(1.1to
2.1)

1.2(0.8 to
1.7)

17.0 (15.6 to
18.6)

19.4 (17.7 to
21.1)

21.1(19.4 to
22.9)

26.1 (24.2 to
28.1)

27.9 (259 to
30)

31.6 (294 to
33.9)

42.9 (40.4 to
45.5)

335(31.2t0
35.9)

QD
Abbreviation: ArLD: alcohol-related liver disease; NAFLD: non-alcohol fatty liver disease; HBV: hepatitis B ViruszviH
2

standardised; CI: confidence interval
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Supplemental Table 4-1, Standardised incidence rate of NAFLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% STD STD 95% CI
incidence incidence incidence CI incidence
2004 3.4 (2.8t04.1) 4.2 (3.5t05) 0.5 (0.3100.8) 2.7 (2.1t03.3)
2005 4.6 (3.9t05.4) 52 (44t06.1) 0.3 (0.2 t0 0.6) 39 (3.2t04.6)
2006 6.0 (5.2t07) 72 (6.31t08.3) -- -- 4.4 (3.7t05.3)
2007 6.1 (52t07) 6.7 (5.8t07.7) 0.3 (0.2t0 0.6) 4.0 (3.3t04.8)
2008 6.0 (5.1t06.9) 10.4 (9.2t0 11.6) 0.6 (0.4 t0 0.9) 4.2 (3.5t05)
2009 6.6 (5.71t07.6) 10.7 (9.6 to 12) 0.6 (0.3t00.9) 5.4 (4.61t06.3)
2010 6.8 (5.9t07.8) 14.9 (13.5t0 16.3) 0.7 (0.4to01.1) 6.4 (5.6t07.4)
2011 9.8 (8.7to 11) 154 (14t0 16.9) 0.4 (0.2t00.7) 7.0 (6.1t08)
2012 11.6 (10.4 t0 12.8) 13.8 (12.5t0 15.2) 0.4 (0.2t00.7) 6.9 (6t07.9)
2013 13.0 (11.8to 14.4) 15.2 (13.8t0 16.7) 1.0 (0.7t0 1.4) 6.7 (5.8t07.7)
2014 17.6 (16.2t0 19.2) 18.2 (16.7 to 19.8) 1.1 (0.7to 1.5) 8.2 (72109.3)
2015 21.0 (19.4 t0 22.8) 233 (21.6 t0 25.1) 1.0 (0.7t0 1.4) 9.4 (8.3 t0 10.6)
2016 242 (22.4 t0 26) 325 (30.5 to 34.7) 1.2 (0.8 to 1.6) 11.7 (10.5 to 13)
2017 29.7 (27.7t0 31.7) 35.7 (33.6to 38) 1.3 (0.9t0 1.8) 14.2 (12910 15.7)
2018 389 (36.7 to 41.3) 453 (42.8 t0 47.8) 1.6 (1.1to2.1) 14.7 (13.4t0 16.2)
2019 45.1 (42.7 t0 47.7) 53.4 (50.8 t0 56.2) 1.6 (1.2t02.1) 14.7 (13.3t0 16.2)
2020 45.0 (42.5 t0 47.6) 34.0 (31.9t036.2) 1.9 (1.4t02.5) 9.1 (8.1t010.3)
2021 65.2 (62.2 to 68.3) 52.9 (50.2 to 55.6) 1.5 (1.1to2.1) 10.0 (8.8t0 11.2)
2022 60.5 (57.6 t0 63.5) 58.7 (55.9 t0 61.6) 1.5 (1.1to2) 39 (3.2t04.7)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 4-2, Standardised incidence rate of ArLD by data sources (2004 to 2022)

Year PEDW-only WLGP-only ADDE-only Two or more data sources
STD STD 95% CI STD STD 95% CI STD STD 95% CI STD STD 95% CI
incidence incidence incidence incidence
2004 43 (3.6t05.1) 3.0 (241t03.7) -- - 14.3 (13 to 15.8)
2005 49 (42t05.8) 2.7 (22t03.4) 0.6 (03t01) 134 (12.1to 14.8)
2006 5.0 (43t05.9) 2.7 (2.1t03.3) 0.3 (0.2t0 0.6) 13.8 (12.5t0 15.2)
2007 5.4 (4.6t06.3) 2.3 (1.8t02.9) 0.6 0.4t01) 14.0 (12.7t0 15.4)
2008 4.8 (4.1t05.7) 2.0 (1.5 t02.6) 0.7 (04to01.1) 12.7 (11.4to 14)
2009 5.7 (4.8t06.6) 2.1 (1.6 t0 2.6) 0.9 (0.6t0 1.3) 12.5 (11.2t0 13.8)
2010 5.1 (4.3t06) 25 (1.9t03.1) 0.9 (0.6t0 1.3) 12.5 (11210 13.8)
2011 4.5 (3.8t05.3) 2.5 (1.9to03.1) 0.7 (0.4t01.1) 11.1 (9.9t0 12.4)
2012 4.7 (3.9t05.5) 1.8 (1.4t02.4) 0.7 (04to01.1) 10.1 9to11.3)
2013 4.8 (4 t05.6) 2.0 (1.5t02.6) 0.6 04t01) 10.4 (92t0 11.6)
2014 4.7 (39t05.5) 22 (1.7t0 2.8) 0.6 0.4t01) 9.9 (8.8t 11.1)
2015 44 (3.7t05.3) 2.3 (1.8t03) 0.7 (04to01.1) 104 (9.2t0 11.6)
2016 4.7 (3.9t05.5) 3.9 (3.2t04.7) 0.9 (0.6t0 1.3) 9.3 (8.2t0 10.4)
2017 43 (3.6t05.1) 4.5 (3.7t05.3) 0.6 0.4t01) 10.9 (9.7 to 12.1)
2018 43 (3.5t05.1) 52 (44t06.1) 0.7 04t01) 9.7 (8.6 t0 10.9)
2019 4.8 (4.1t05.7) 5.6 (4.8t06.6) 1.0 (0.6t0 1.4) 10.3 (92t0 11.6)
2020 5.4 (4.6t06.4) 5.0 (42t05.9) 1.1 (0.7to 1.5) 8.4 (7.3t09.5)
2021 4.8 (4t05.7) 7.5 (6.5t0 8.6) 1.3 (0.9t0 1.8) 8.5 (7.5t09.7)
2022 6.1 (52t07.1) 9.7 (8.5t0 10.9) 1.1 (0.8t0 1.6) 5.5 (4.7t06.5)

Abbreviation: STD: standardized; CI: confidence interval
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Supplemental Table 5-1 Comorbidities associated with liver disease by stages (2004 to 2022)

[t

Comorbidities Stage 1, N =94,529'  Stage 2, N =4,562! Stage 3, N =3,040' Stage4,N=3, tage 5, N = 2,233!

ysn U8 Buipnjoul ‘1ybuAdod Aq |

oNOYTULT D WN =

CVD related conditions 7,018(7.4%) 587(12.9%) 310(10.2%) 457(14.2%) 264(11.8%)

Diabetes 6,135(6.5%) 612(13.4%) 303(10.0%) 234(7.3%) 200(9.0%)

13 Hypertension/anti-hypertensive 34,022(36.0%) 1,939(42.5%) 1,165(38.3%) 1,232(38.2% 1,006(45.1%)

15 ' n(%)
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Supplemental Table 5-2 Comorbidities associated with liver disease by aetiologies (2004-2022) c
2 o5
> =]
S
§Hea‘ltitis
Metablic Autoimmune c ® Congestive Toxic liver
ArLD,N = NAFLD, N = HBV,N = HCV,N = Haemochromatosis, g g‘ ot Miscellaneous,
Comorbidities liver disease, liver disease, N 2 g g hepatopathy,  disease, N
19,760! 33,655! 1,063! 3,539! N=4,111" @Bcﬂied, N N = 8,426!
N =5,469! =13,582! Q (:D N N =574 =757
g @17831
- D -
°2u
CVD related conditions 1,442(73%)  1,837(5.5%)  578(10.9%)  54(5.2%) 177(5.5%)  1,159(8.6%) 227(5.6%) BIRET1%) 135(23.6%)  58(7.7%)  885(10.5%)
~5 3
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Diabetes 1,185(6.0%)  2,776(8.4%)  380(7.2%) 46(4.4%) 132(4.1%)  752(5.6%) 175(4.3%) g@(ﬁj%) 42(7.3%) 26(34%)  253(3.0%)
25
P>
Hypertension/antihypertensives  6,911(35.0%) 12,455(37.5%) 1,916(36.1%) 197(19.1%) 632(19.5%) 4,670(34.8%) 1,422(35.2%) g,g%”l%) 273(47.6%) 203(26.9%)  3,468(41.2%)
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