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Abstract

Background: To enhance early liver disease detection, a clinical pathway 

integrating reflex AST testing and automated AAR reporting was implemented. 

We aim to evaluate the long-term effectiveness of introducing reflex AST testing 

by assessing its impact after implementation in 2 regions of Wales.

Methods: We applied a quasi-experimental, Difference-in-Difference approach 

to evaluate the introduction of the reflex AST:ALT pathway in Wales (January 

2010 to December 2023). Outcomes were the monthly incidence rate of (1) 

chronic liver disease (including cirrhosis) and (2) cirrhosis in the 2 intervention 

regions versus the control regions.

Results: In total, 78,917 individuals with liver disease were included in the 

study. A significant increase in cirrhosis diagnoses was observed in both 

regions (first region: incidence rate ratio = 1.24, 95% CI: 1.15–1.34, p < 0.001; 

second region: incidence rate ratio = 1.16, 95% CI: 1.02–1.33, p = 0.028). The 

incidence of composite chronic liver disease (including cirrhosis) increased 

transiently in the second region only (incidence rate ratio = 1.35, 95% CI: 

1.16–1.56, p < 0.001).

Conclusions: In this long-term, population-level evaluation, reflex AST:ALT 

testing increased cirrhosis detection in both regions and produced a short-term 

rise in chronic liver disease (including cirrhosis) diagnoses one region, 

strengthening the evidence of the pathway’s effect on cirrhosis detection. 

Further study is warranted to understand regional variation.

Keywords: aspartate aminotransferases, clinical pathways, liver cirrhosis, 
liver diseases, primary health care 

Abbreviations: AAR, AST/ALT ratio; ABUHB, Aneurin Bevan University Health Board; ATT, average treatment effect on the treated; BCUHB, Betsi Cadwaladr 
University Health Board; CLD, chronic liver disease; CTMUHB, Cwm Taf Morgannwg University Health Board; CVUHB, Cardiff and Vale University Health Board; 
DiD, Difference-in-Difference; HDUHB, Hywel Dda University Health Board; ICD-10, International Classification of Diseases, 10th Revision; IRR, incidence rate ratio; 
ONS, Office for National Statistics; PTHB, Powys Teaching Health Board; SAIL, Secure Anonymised Information Linkage; SBUHB, Swansea Bay University 
Health Board.

Supplemental Digital Content is available for this article. Direct URL citations are provided in the HTML and PDF versions of this article on the journal's website, www. 
hepcommjournal.com.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
Copyright © 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Study of Liver Diseases.

1Population Data Science, Swansea 
University Medical School, Faculty of 
Medicine, Health & Life Science, Swansea 
University, Swansea, UK

2Division of Population Medicine, Cardiff 
University, Neuadd Meirionnydd, Heath Park, 
Cardiff, UK

3Centre for Trials Research, Cardiff University, 
Neuadd Meirionnydd, Heath Park, Cardiff, UK

4PRIME Centre Wales, Cardiff University, 
Neuadd Meirionnydd, Heath Park, Cardiff, UK

5Department of Gastroenterology and 
Hepatology, University Hospital of Wales, 
Cardiff, UK

Correspondence 
Jingwei Gao, Population Data Science, 
Swansea University Medical School, Data 
Science Building, Singleton Park, Swansea 
SA2 8PP, UK. 
Email: jingwei.gao@swansea.ac.uk

Received: 12 August 2025 | Accepted: 10 November 2025

DOI: 10.1097/HC9.0000000000000887

Hepatology Communications. 2026;10:e0887. www.hepcommjournal.com | 1

http://www.hepcommjournal.com
http://www.hepcommjournal.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:jingwei.gao@swansea.ac.uk
mailto:jingwei.gao@swansea.ac.uk
mailto:jingwei.gao@swansea.ac.uk
mailto:jingwei.gao@swansea.ac.uk
mailto:jingwei.gao@swansea.ac.uk
mailto:jingwei.gao@swansea.ac.uk


INTRODUCTION

Chronic liver disease (CLD) poses a significant global 
health and economic burden, accounting for approxi
mately 2 million deaths annually.[1,2] In the United 
Kingdom, liver disease mortality has continued to rise 
over the past three decades, in contrast to other major 
diseases where mortality has declined.[3] It has become 
the third leading cause of premature death and one of 
the most common causes of mortality in working-age 
individuals.[4–6]

CLD progresses through the stages of fibrosis, with 
severity significantly associated with liver-related out
comes. Once cirrhosis develops, the burden on health 
care systems rises sharply due to increased complica
tions and costs.[7–9] Early detection of liver disease is 
essential for timely intervention to prevent progression 
and reduce disease burden.[3,10] Key time points in the 
early detection of liver disease are (1) prior to the 
development of cirrhosis, and (2) prior to hepatic 
decompensation if cirrhosis is established. There is a 
growing focus on noninvasive fibrosis assessment 
tools, such as transient elastography and serum 
biomarkers, which have been widely validated and 
are well accepted in clinical practice.[11] Among these, 
indirect biomarkers, which are readily measurable 
biochemical parameters in peripheral blood, offer a 
cost-effective and easily accessible alternative during 
routine clinical visits. Consequently, indirect biomarkers 
have been extensively developed and applied to 
identify individuals with cirrhosis without the need for 
invasive liver biopsy. One of the most established and 
widely available markers of hepatocyte stress and 
apoptosis is the AST/ALT ratio (AAR), which has shown 
a positive predictive value of 93% when using AAR > 1 
to detect cirrhosis in patients with HCV and 
NAFLD.[12,13]

Over the past decade, several community-based 
pathways have been introduced to improve risk 
stratification and early liver disease diagnosis.[14]

One such initiative is the introduction of reflex AST 
testing to enable AAR reporting and prompt referral 
through the Gwent AST project in 2 regions of Wales 
in 2016 and 2018. This approach allows the reflex 
use of AST testing for abnormal ALT results, 
enabling automatic AAR reporting and prompt 
onward referral for further assessment.[15] Following 
the implementation of the reflex AST testing, we 
demonstrated an 81% increase in the new diagnosis 
of cirrhosis within 2 years in Aneurin Beven Univer
sity Health Board (ABUHB), one of the first Wales 
regions to adopt this approach.[15] However, our 
previous work study lacked a control arm, making it 
difficult to determine whether the observed increase 
was directly attributable to the intervention or 
influenced by other factors, such as underlying 
trends in liver disease incidence. In addition, the 

long-term sustainability and broader impact of these 
pathways remain uncertain. Furthermore, with the 
same approach later introduced in more Welsh 
regions, it is also unclear whether the intervention 
would produce a consistent effect across different 
geographical settings.

The objective of this study is to assess the long-term 
effectiveness of the introduction of reflex AST testing by 
evaluating its impact in 2 Welsh regions where the 
intervention was implemented: ABUHB and Cwm Taf 
Morgannwg University Health Board (CTMUHB). We 
aimed to quantify the changes in the detection of CLD 
(including compensated cirrhosis) and cirrhosis, pro
viding valuable insights into the sustained impact of 
community-based liver disease detection pathways on 
the early diagnosis of liver disease.

METHODS

Setting and data source

We used the Secure Anonymised Information Linkage 
(SAIL) Databank, which contains anonymized, indi
vidual-level routinely collected linked electronic health 
record data for the Welsh population.[16–19] The SAIL 
Databank includes secondary care data for the whole 
Welsh population and primary care data for approx
imately 86% of the Welsh population.[20] To provide a 
comprehensive assessment of liver disease cases, we 
combined data from primary and secondary care 
records. Primary care data were accessed from the 
Welsh Longitudinal General Practice data, which 
collects event histories for people registered with a 
SAIL-supplying general practice in Wales and 
employs the Read version 2 clinical coding system. 
Secondary care data, including inpatient admissions 
(emergency, elective, and maternity) and day-care 
procedures, were retrieved from the Patient Episode 
Database for Wales and coded according to the 
International Classification of Diseases, 10th Revision 
(ICD-10). In addition, we obtained demographic and 
deprivation data from the Welsh Demographic Service 
Dataset, using the 2019 Welsh Index of Multiple 
Deprivation quintiles to assess area-level deprivation 
based on residential locations within the 2011 Lower- 
layer Super Output Area boundaries. Individual health 
board allocations were determined based on the 
health board information available in the Welsh 
Longitudinal General Practice and Patient Episode 
Database for Wales data sources.

Population

All individuals with available residency information and 
registration with a SAIL-contributing general practice 
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were included in the study using a unique anonymized 
individual identifier known as an Anonymised Linkage 
Field.[16,17] The study population comprised individuals 
identified from primary and secondary care settings and 
diagnosed with CLD (including cirrhosis) across the 7 
health boards in Wales—ABUHB, CTMUHB, Betsi 
Cadwaladr University Health Board (BCUHB), Cardiff 
and Vale University Health Board (CVUHB), Hywel Dda 
University Health Board (HDUHB), Powys Teaching 
Health Board (PTHB), and Swansea Bay University 
Health Board (SBUHB)—between January 1, 2010, and 
December 31, 2023. CLD (including cirrhosis) was 
defined as a combination of diagnoses comprising both 
(1) noncirrhotic chronic liver conditions (chronic etiologic 
conditions and hepatic fibrosis without cirrhosis) and (2) 
compensated cirrhosis (including portal hypertension 
prior to decompensation), as per our previous work.[21,22]

Chronic etiologic conditions include alcohol-associated 
liver disease, NAFLD, metabolic liver disease, HBV, 
HCV, autoimmune liver disease, hemochromatosis, 
unspecified hepatitis, congestive hepatopathy, toxic liver 
disease, and miscellaneous conditions. Individuals 
diagnosed with decompensation (including chronic 
hepatic failure, unspecified hepatic failure, hepatorenal 
syndrome, esophageal varices with bleeding) or HCC 
were excluded, as this pathway aims to detect individ
uals with cirrhosis before decompensation. A list of ICD- 
10 and Read v2 codes to identify individuals with liver 
disease is provided in Supplemental Table S1, http:// 
links.lww.com/HC9/C226.

Intervention and control

The introduction of the reflex AST testing and AST:ALT 
calculation is a diagnostic strategy designed to improve 
the early detection of significant liver disease. Imple
mented through the Gwent AST project under the Wales 
Liver Plan, the pathway automatically identifies patients 
who may require further assessment. When a patient 
presents with an elevated ALT level, a reflex AST test will 
be performed, with the AAR calculated. If the ratio is ≥ 1, 
the general practitioners will be advised to refer the 
patient for fibrosis assessment—typically using transient 
elastography (FibroScan).[16] This provides an opportu
nity to make a liver disease diagnosis without cirrhosis 
and a window for lifestyle advice intervention in primary 
care without the need for onward referral to secondary 
care. The promotion of reflex AST testing was initially 
introduced in ABUHB, a local health board in Wales, on 
July 4, 2016, and then implemented in CTMUHB, a 
neighboring local health board, in March 2018 (Figure 1). 
Therefore, we consider ABUHB and CTMUHB as 
intervention groups, and the remaining 5 health boards 
(BCUHB, CVUHB, HDUHB, PTHB, and SBUHB) as 
control groups for the time period under investigation in 
this study. The preimplementation period was defined as 

January 1, 2010, to July 3, 2016, for ABUHB, and 
January 1, 2010, to February 28, 2018, for CTMUHB. 
The postimplementation periods were defined as July 4, 
2016, to December 31, 2023, for ABUHB and March 1, 
2018, to December 31, 2023, for CTMUHB.

Outcomes

Although the reflex AST/AST:ALT pathway was introduced 
to facilitate identification of cirrhosis before 
decompensation, in clinical practice, an elevated AAR 
may trigger further evaluation, and many patients are often 
first coded with etiologic conditions instead of cirrhosis. 
Therefore, we speculate that this pathway may promote 
consideration of the underlying cause of liver disease, and 
defined a boarder primary composite outcome as CLD 
(including cirrhosis), consisting of noncirrhotic and cirrhosis 
liver disease in our study. Accordingly, our primary 
outcome was defined as the monthly incidence rate of 
CLD (including cirrhosis) recorded in primary or secondary 
care. To evaluate the pathway’s intended target more 
specifically, we conducted a prespecified subanalysis of 
the monthly incidence of compensated cirrhosis alone. The 
monthly incidence rate was calculated for each health 
board by dividing the number of new cases by the total 
population of the corresponding health board, and reported 
per 100,000 inhabitants. A new case was defined as an 
individual receiving a first diagnosis during the study period 
(January 1, 2010, to December 31, 2023) with no prior liver 
disease history from January 1, 1994, to December 31, 
2009. To capture the most clinically relevant etiology, only 
the most advanced stage of diagnosis on the date of the 
incident event was considered. Population data for Wales 
were obtained from the Office for National Statistics (ONS) 
population estimates.[23]

Statistical analysis

Descriptive analyses were conducted to summarize the 
demographic and socioeconomic characteristics of the 
individuals diagnosed with CLD (including cirrhosis). 
The average incidence rates and corresponding SD 
were calculated in the intervention and control groups 
during the preimplementation and postimplementation 
periods of reflex AST testing.

A Difference-in-Difference (DiD) analysis was employed 
to test the impact of the intervention on the early detection 
of liver disease by determining whether there was a 
statistically significant difference in the change in each 
outcome. The analysis compared changes of incidence 
rates of CLD (including cirrrhosis) and cirrhosis from 
preimplementation to postimplementation for the interven
tion group relative to the control groups. The Poisson 
regression and linear regression models were fitted to the 
monthly counts with the corresponding health board 

IMPACT OF A LIVER FUNCTION TEST PATHWAY | 3

http://links.lww.com/HC9/C226
http://links.lww.com/HC9/C226


population as the offset, with predictors including time, an 
intervention group indicator, and a postimplementation 
period indicator. The incidence rate ratio (IRR) and 
Average Treatment Effect on the Treated (ATT) were 
constructed to estimate the DiD effect, representing the 
impact of the intervention on the incidence rate of liver 
disease. The monthly incidence rates in the intervention 
and control groups were visualized graphically to detect 
trends and ensure the existence of preintervention parallel 
trends, an assumption of quasi-experimental DiD analysis. 
We tested for parallel trends using the Wald test to assess 
whether the linear trends were parallel prior to the 
intervention. Where the preintervention parallel trends 
assumption was not supported by statistical and visual 
assessment, the results are interpreted as exploratory, as 
the violations of this assumption undermine the validity of 
causal inference in DiD analysis. All analyses were 
conducted using Stata/SE version 19.0 (StataCorp LLC) 
and R version 4.3.3 (R Foundation for Statistical 
Computing) via RStudio version 2025.05.1 (Posit 
Software).

Sensitivity analysis

We conducted a sensitivity DiD analysis restricted to 
data from primary care settings (Welsh Longitudinal 
General Practice data source) with the same outcomes, 
to evaluate potential changes in liver disease incidence 
rates within the primary care context.

Ethics approval

This study was conducted in accordance with the 
Declarations of Helsinki and Istanbul, using routinely 
collected anonymized data available in the SAIL Data
bank. Access to SAIL data is subject to approval by the 
independent Information Governance Review Panel, 
which ensures appropriate and ethical use of the data. 
This study was approved by the Information Govern
ance Review Pane (Project ID: 1492). All data access 
was conducted through SAIL’s privacy-protecting 
Trusted Research Environment. As this study used 

Hywel Dda University
Health Board

Swansea Bay University
Health Board

Cwm Taf Morgannwg
University Health Board

Betsi Cadwaladr
University Health Board

Cardiff and Vale
University Health Board

Powys Teaching Health
Board

Aneurin Beven
University Health Board

Intervention: 2018.03.01

Intervention: 2016.07.04

F I G U R E  1 Map of the seven health boards in Wales. This map illustrates the geographical boundaries of the seven regional health boards 
responsible for health care delivery in Wales: Aneurin Bevan University Health Board (ABUHB), Cwm Taf Morgannwg University Health Board 
(CTMUHB), Betsi Cadwaladr University Health Board (BCUHB), Cardiff and Vale University Health Board (CVUHB), Hywel Dda University 
Health Board (HDUHB), Powys Teaching Health Board (PTHB), and Swansea Bay University Health Board (SBUHB). ABUHB, covering the 
Gwent area in southeast Wales—including Newport, Caerphilly, and Abergavenny—was the first to implement the Gwent AST Project on July 4, 
2016, positioning it as a leader in liver disease detection innovation. CTMUHB, serving Rhondda Cynon Taf, Merthyr Tydfil, and Bridgend, later 
adopted the Gwent AST Project in March 2018.
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anonymised secondary data with no direct participant 
contact, individual informed consent was not required 
and was waived by the approving review body. The 
research complied with the ethical guidelines and 
adhered to the Data Protection Act 2018 to safeguard 
the privacy and confidentiality of all individuals.

RESULTS

A total of 78,917 individuals with CLD (including cirrhosis) 
from the seven health boards of Wales between January 
1, 2010, and December 31, 2023, were included in the 
study. Among them, 15,064 (19.09%) and 10,504 
(13.31%) incident cases were identified in the ABUHB 
and CTMUHB groups, respectively, and 53,349 (67.60%) 
in the control group (Figure 2). The age and sex 
distributions were similar across groups, with median 
ages of 58, 57, and 59 years (ABUHB, CTMUHB and 

control, respectively), and the proportion of males was 
48.71%, 52.20%, and 50.48%, respectively. However, a 
higher percentage of individuals from the most deprived 
areas was observed in ABUHB and CTMUHB (31.69% 
and 31.68%, respectively) compared to the control group 
(20.72%). Demographic and socioeconomic character
istics remained consistent before and after the interven
tion within each group (Table 1).

CLD (including cirrhosis)

In ABUHB, the average incidence of CLD (including 
cirrhosis) rose from 10.90 to 19.19 per 100,000 inhab
itants (mean difference: 8.29, 95% CI: 6.34–10.24), while 
controls increased from 10.33 to 16.72 (mean difference: 
6.39, 95% CI: 5.52–7.26) (Table 2). DiD analysis found no 
significant intervention effect on the detection of CLD 
(including cirrhosis) in ABUHB (IRR = 1.09, 95% CI: 

All individuals recorded in PEDW and WLGP data
sources, N=5,590,098

Individuals with good quality data, GP registration,
and Wales residency information, N=4,866,428

Individuals with good quality data, GP registration and Wales
residency information, and received a qualified liver disease

diagnosis (2010.01.01 - 2023.12.31), N = 94,497

Individuals receiving a first liver disease diagnosis during
study period (2010.01.01 – 2023.12.31), N = 92,649

Individuals receiving a first chronic liver disease (including
cirrhosis) diagnosis from the seven health boards in Wales

(2010.01.01 – 2023.12.31), N = 78,917

ABUHB group
N = 15,064

CTMUHB group
N = 10,504

Control group
N = 53,349

Excluded:
 - Individuals with poor quality data:
 N = 5889
 - Individuals without Wales residency
 information: N = 176,712
 - Individuals without complete GP
 registration: N = 541,069

Excluded:
 - Individuals who did not receive a
 qualified liver disease diagnosis during
 study period (2010.01.01 - 2023.12.31):
 N = 4,771,931

Excluded:
 - Individuals with prevalent liver
 disease: N = 1848

Excluded:
 - Individuals with decompensation or
 hepatocarcinoma: N = 9452
 - Individuals outside the seven health
 boards of Wales: N = 4280

F I G U R E  2 Consort diagram of cohort extraction. This diagram outlines the flow of data sources and participant selection used to construct 
the final study cohort. Abbreviations: ABUHB, Aneurin Bevan University Health Board; CTMUHB, Cwm Taf Morgannwg University Health Board; 
GP, general practice; PEDW, Patient Episode Database for Wales; WLGP, Welsh Longitudinal General Practice.
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0.94–1.26, p = 0.256; ATT = 1.90, 95% CI: −1.44 to 5.24, 
p = 0.204) (Table 3). In CTMUHB, the average incidence 
increased from 9.74 to 20.47 per 100,000 inhabitants 
(mean difference: 10.73, 95% CI: 8.75–12.70), compared 
to a rise from 11.15 to 17.40 in the control group (mean 
difference: 6.25, 95% CI: 5.37–7.14) (Table 2). DiD 
analysis indicated a significant intervention effect (IRR = 
1.35, 95% CI: 1.16–1.56, p < 0.001; ATT = 4.47, 95% CI: 
1.25–7.69, p = 0.016) (Table 3). When restricted to 
primary care only, no significant effect was detected in 
either health board (ABUHB: IRR = 0.88, 95% CI: 
0.75–1.03, p = 0.111; ATT = −0.75, 95% CI: −2.87 to 
1.37, p = 0.405; CTMUHB: IRR = 1.13, 95% CI: 
0.99–1.29, p = 0.066; ATT = 0.36, 95% CI: −1.78 to 2.50, 
p = 0.686) (Table 3). Trend-wise, ABUHB demonstrated 
no clear postimplementation divergence from controls. In 
CTMUHB, the intervention series was generally lower 
than the control series preimplementation; it then rose 
rapidly during the first 2 years after rollout, followed by 
attenuation after the COVID-19 lockdown. All panels 
showed a sharp drop around March 2020, aligning with 
the COVID-19 lockdown (Figure 3).

Compensated cirrhosis

We conducted a subanalysis to evaluate changes in the 
incidence rate of compensated cirrhosis. In ABUHB, the 
average incidence rate increased from 1.35 to 2.73 per 
100,000 inhabitants (mean difference: 1.38, 95% CI: 
1.06–1.70), versus 1.30–2.13 in the control group 
(mean difference: 0.83, 95% CI: 0.68–0.97) (Table 2). 
DiD analysis indicated a significant intervention effect 
(IRR = 1.24, 95% CI: 1.15–1.34, p < 0.001; ATT = 0.56, 
95% CI: 0.06–1.06, p = 0.036) (Table 3). In CTMUHB, 
incidence rose from 1.79 to 3.21 per 100,000 inhab
itants (mean difference: 1.43, 95% CI: 1.09–1.76), 
compared with 1.42–2.20 in control groups (mean 
difference: 0.78, 95% CI: 0.63–0.93), with a similar 

significant DiD estimate for intervention effect (IRR = 
1.16, 95% CI: 1.02–1.33, p = 0.028; ATT = 0.65, 95% 
CI: 0.24–1.06, p = 0.01) (Tables 2, 3). When restricted 
to primary care settings, only Poisson regression 
models detected a significant difference in both health 
boards (ABUHB: IRR = 1.18, 95% CI: 1.02–1.37, 
p = 0.024; ATT = 0.16, 95% CI: −0.03 to 0.34, 
p = 0.078; CTMUHB: IRR = 1.25, 95% CI: 1.12–1.39, 
p < 0.001; ATT = 0.04, 95% CI: −0.07 to 0.16, p = 0.359) 
(Table 3). Due to the low monthly count and high 
variance of cirrhosis diagnoses, the panels do not show 
a clear, sustained divergence between intervention and 
control. Nonetheless, after the implementation, the 
incidence rates in the intervention group exceed that 
of control in higher frequency and by a larger margin. A 
dip due to covid lockdown is visible around early 2020, 
though less marked than for CLD (including cirrhosis) 
diagnoses (Figure 4).

DISCUSSION

Using a Difference-in-Difference approach, our study 
investigated the impact of introducing reflex AST 
testing and AAR calculation as a tool for improving 
early detection of liver disease in different regions in 
Wales. Our DiD analyses results showed a significant 
increase in cirrhosis incidence rate in both ABUHB 
and CTMUHB. We did not observe a significant 
change in the composite CLD (including cirrhosis) 
outcome in ABUHB. While CTMUHB demonstrated a 
significant increase in CLD (including cirrhosis) 
outcome, the rise occurred mainly within 2 years after 
implementation.

Over the past decade, numerous community-based 
pathways for the early detection of liver disease have 
been developed, many of which have demonstrated 
improvements in risk stratification and liver disease 
diagnosis.[14] Our previous work, which introduced 

T A B L E  3 Effect of introduction of reflex AST:ALT pathway for Aneurin Bevan and Cwm Taf Morgannwg University Health Boards

Poisson regression model Linear regression model

IRR 95% CI p ATT 95% CI p Parallel trends test

Chronic liver disease (including cirrhosis)

ABUHB 1.09 0.94–1.26 0.256 1.90 −1.44–5.24 0.204 0.431

ABUHB, primary care 0.88 0.75–1.03 0.111 −0.75 −2.87–1.37 0.405 0.368

CTMUHB 1.35 1.16–1.56 < 0.001 4.47 1.25–7.69 0.016 0.421

CTMUHB, primary care 1.13 0.99–1.29 0.066 0.36 −1.78–2.50 0.686 0.177

Cirrhosis only

ABUHB 1.24 1.15–1.34 < 0.001 0.56 0.06–1.06 0.036 0.521

ABUHB, primary care 1.18 1.02–1.37 0.024 0.16 −0.03–0.34 0.078 0.082

CTMUHB 1.16 1.02–1.33 0.028 0.65 0.24–1.06 0.010 0.691

CTMUHB, primary care 1.25 1.12–1.39 < 0.001 0.04 −0.07–0.16 0.359 0.888

Abbreviations: ABUHB, Aneurin Bevan University Health Board; ATT, Average Treatment Effect on the Treated; CTMUHB, Cwm Taf Morgannwg University Health 
Board; IRR, incidence rate ratio.
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reflex AST testing and AAR calculation in ABUHB, 
observed an 81% increase in coded cirrhosis diag
noses within 2 years of implementation.[15] Similarly, a 
community pathway using AAR ≥ 0.8 as a threshold for 
identifying at-risk patients suggested that 38.7% of liver 
disease cases would go undetected without an active 
case-finding strategy.[24] In Germany, a structured 
screening initiative combining AAR and the AST-to- 
platelet ratio index was implemented and demonstrated 
a 59% higher likelihood of identifying early cirrhosis 
compared to routine care in patients without decom
pensated cirrhosis.[25] Other implementations 

incorporating Fibrosis-4 as an initial screening tool 
have also demonstrated significant increases in liver 
disease detection rates.[26–28] Additionally, a random
ized trial using serum fibrosis markers and FibroScan 
reported more than double the number of liver disease 
diagnoses in the intervention group compared to 
controls.[29] Beyond improved risk stratification and 
case detection, several studies have highlighted the 
cost-effectiveness and higher patient satisfaction asso
ciated with novel liver disease screening 
pathways.[30–32] However, none of the existing studies 
has evaluated the long-term, population-level impact of 
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such interventions. Most research has been limited to 
short follow-up periods (1–2 y postimplementation) and 
relatively small sample sizes, with the largest study 
including 17,770 participants as the screened 
population.[15] In contrast, our study expands the 
investigation to a broader population, analyzing 
78,917 individuals over a 14-year span of time before 
and after implementation.

As an extension of our previous work, we found 
significant increases in cirrhosis incidence in both 
ABUHB and CTMUHB when combining primary and 

secondary care. In primary care alone, effects were 
detected with Poisson but not with linear models. This 
may be due to the low case numbers captured at a 
monthly base in primary care. Because of the small 
numbers, we favor Poisson regression for this analysis 
as it is more appropriate for sparse count data. This 
finding is consistent with our observation of the trend 
visualization, where the intervention series exceeded 
the control more often and by a larger margin post
intervention, despite the low counts and high variation. 
This result aligns with our earlier report of an 81% 
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increase in cirrhosis in ABUHB in 2 years after 
implementation of AST:ALT pathway. Moreover, our 
study provided stronger evidence as it includes a 
control arm and evaluated changes in rates rather than 
raw counts, providing a more precise description of the 
changes in cirrhosis detection over the 14 years of 
follow-up.

We extended the outcome to the boarder range of 
CLD (including cirrhosis) to include underlying etiol
ogies and fibrosis. CTMUHB demonstrated a signifi
cantly larger postimplementation change compared to 
controls, while ABUHB showed no significant differ
ence. This heterogeneity is unlikely to be explained by 
demographic, socioeconomic, or geographic compo
sition, as ABUHB and CTMUHB are neighboring 
health boards that shared similar age-sex distribu
tions, which remained largely stable over follow-up. 
Nor is it readily explained by other policy changes, as 
the only liver disease relevant policy, the minimum 
unit pricing for alcohol, was implemented Wales-wide. 
One possible interpretation is variation in local 
implementation (eg, timing, laboratory workflows, 
referral practices), which may yield gains not only in 
cirrhosis detection but also in CLD coding in some 
settings. However, we cannot rule out the possibility 
that the difference was due to unmeasured confound
ing or random variation. The increase in CTMUHB 
was concentrated in the first 2 years postimplementa
tion and attenuated after a COVID-19–related drop. 
We also observed that the incidence rate of CLD 
(including cirrhosis) of control groups occasionally 
exceeded intervention group in primary care settings. 
These features indicated an inconsistent, context- 
dependent effect on CLD (including cirrhosis) detec
tion. Moreover, because the pathway primarily targets 
cirrhosis, any effect on CLD (including cirrhosis) 
detection remains speculative; the transient CLD 
(including cirrhosis) increase in CTMUHB should 
therefore be interpreted cautiously.

This study has several strengths. To our knowledge, 
this is the first study to evaluate the impact of a liver 
disease community pathway at the all-Wales population 
level over a long-term period, providing novel insights 
into its sustained effects. We employed a rigorous 
study design by incorporating DiD analysis along with 
intervention and comparator groups, allowing for a 
more robust evaluation of the intervention’s true effect. 
In addition, primary care and laboratory services are 
organized geographically at the health board level: 
patients register with local general practice and routine 
blood tests are processed by the same board’s hospital 
laboratory. This structure limits cross-board spillover of 
reflex AST testing and strengthens the internal validity 
of our comparisons. The use of large-scale national 
population data maximized the statistical power, 
improving the precision and reliability of our findings. 
Furthermore, this study leveraged a research-ready 

data asset constructed in the SAIL Databank and 
incorporated reproducible research pipelines. This 
enhanced the reproducibility and efficiency of our work 
and allowed future researchers to replicate findings or 
explore additional research questions using the same 
framework. However, some limitations should be 
acknowledged. Regulatory restrictions associated with 
data access agreements for data available within the 
SAIL Databank prevented the inclusion of sensitive 
conditions, such as HBV and HCV, which may have led 
to incomplete data for certain liver disease etiologies, 
potentially affecting the precision of our analysis. 
Additionally, the lack of data limited our ability to fully 
explore the reasons behind differences in intervention 
effects across health boards. Future research incorpo
rating imaging, referral pathways and health care 
utilization patterns could provide a deeper understand
ing of regional variations in implementation and 
effectiveness.

CONCLUSIONS

Our study provides the first long-term, all-Wales, 
population-level evaluation of a community liver 
disease pathway. Using a DiD approach, implemen
tation of reflex AST:ALT testing was associated with 
significant increases in cirrhosis detection in both 
ABUHB and CTMUHB, and a short-term rise in the 
composite CLD (including cirrhosis) incidence in 
CTMUHB. This finding strengthens evidence that 
reflex AST:ALT testing can improve cirrhosis detec
tion. Future research should examine each step of the 
clinical pathway—from test uptake and referral to 
imaging and diagnosis—to identify the key factors 
contributing to regional differences in intervention 
effectiveness and to inform strategies for optimizing 
and sustaining liver disease screening programs.

ACKNOWLEDGMENTS
The authors acknowledge all the data providers who 
make anonymized data available for research. The 
authors also acknowledge Dr Andrew Yeoman (Royal 
Gwent Hospital) for his contribution to discussions 
related to this manuscript.

FUNDING INFORMATION
The Liver Disease Cymru Partnership (LDCP) 
received a grant from the National Institute for Health 
Research (NIHR154876). This project was partly 
funded by an unrestricted grant from the Liver 
Disease Implementation Group, Welsh Government 
(LDIG-22-19).

This output will be accessible as Open Access, and 
the authors have applied a CC BY license to any Author 
Accepted Manuscript (AAM) version arising from this 
submission.

IMPACT OF A LIVER FUNCTION TEST PATHWAY | 11



CONFLICTS OF INTEREST
The authors have no conflicts to report.

ORCID
Jingwei Gao aahttps://orcid.org/0000–0002–7722– 
6177
Haroon Ahmed aahttps://orcid.org/0000–0002–0634– 
8548
Rebecca Cannings-John aahttps://orcid.org/0000– 
0001–5235–6517
Ashley Akbari aahttps://orcid.org/0000–0003–0814– 
0801
Aled Davies aahttps://orcid.org/0000–0002–7815–5155
Thomas Peter I. Pembroke aahttps://orcid.org/0000– 
0002–2600–2034

REFERENCES
1. Paik JM, Golabi P, Younossi Y, Mishra A, Younossi ZM. 

Changes in the global burden of chronic liver diseases from 
2012 to 2017: The growing impact of NAFLD. Hepatology. 2020; 
72:1605–16.

2. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver 
diseases in the world. J Hepatol. 2019;70:151–71.

3. Williams R, Aspinall R, Bellis M, Camps-Walsh G, Cramp M, 
Dhawan A, et al. Addressing liver disease in the UK: A blueprint 
for attaining excellence in health care and reducing premature 
mortality from lifestyle issues of excess consumption of alcohol, 
obesity, and viral hepatitis. Lancet. 2014;384:1953–97; 

4. Office for National Statistics. Deaths Registered in England and 
Wales (Series DR): 2017. 2017. Accessed June 13, 2025. 
https://www.ons.gov.uk/peoplepopulationandcommunity/birth
sdeathsandmarriages/deaths/bulletins/deathsregisteredinen
glandandwalesseriesdr/2017

5. British Liver Trust. The Alarming Impact of Liver Disease in the 
UK: Facts and Statistics. 2019. Accessed June 14, 2025. https:// 
archhealthcare.uk/wp-content/uploads/2023/10/The-alarming- 
impact-of-liver-disease-FINAL-June-2019.pdf

6. Office for National Statistics. Deaths registered in England and 
Wales: 2017. 2018. Accessed June 14, 2025. https://www.ons. 
gov.uk/peoplepopulationandcommunity/birthsdeathsandmar
riages/deaths/bulletins/deathsregistrationsummarytables/2017

7. Subhani M, Knight H, Ryder S, Morling JR. Does advice based 
on biomarkers of liver injury or non-invasive tests of liver fibrosis 
impact high-risk drinking behaviour: A systematic review with 
meta-analysis. Alcohol Alcohol. 2021;56:185–200.

8. Abat C, Roussel Y, Chaudet H, Raoult D. Alcohol and the global 
burden of disease. Lancet. 2019;393:2390–1.

9. Younossi ZM, Wong G, Anstee QM, Henry L. The global burden 
of liver disease. Clin Gastroenterol Hepatol. 2023;21:1978–91.

10. Huang DQ, Terrault NA, Tacke F, Gluud LL, Arrese M, 
Bugianesi E, et al. Global epidemiology of cirrhosis: Aetiology, 
trends and predictions. Nat Rev Gastroenterol Hepatol. 2023; 
20:388–98.

11. European Association for the Study of the Liver (EASL). EASL- 
ALEH clinical practice guidelines: Non-invasive tests for 
evaluation of liver disease severity and prognosis. J Hepatol. 
2015;63:237–64. 

12. Giannini E, Risso D, Botta F, Chiarbonello B, Fasoli A, Malfatti 
F, et al. Validity and clinical utility of the aspartate 
aminotransferase–alanine aminotransferase ratio in assessing 
disease severity and prognosis in patients with hepatitis C 
virus–related chronic liver disease. Arch Intern Med. 2003;163: 
218–24.

13. McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. 
Simple non-invasive fibrosis scoring systems can reliably 
exclude advanced fibrosis in patients with non-alcoholic fatty 
liver disease. Gut. 2010;59:1265–9.

14. Abeysekera KWM, Macpherson I, Glyn-Owen K, McPherson S, 
Parker R, Harris R, et al. Community pathways for the early 
detection and risk stratification of chronic liver disease: A 
narrative systematic review. Lancet Gastroenterol Hepatol. 
2022;7:770–80.

15. Yeoman A, Samuel D, Yousuf DF, Czajkowski MA, Venn S, 
Salmon J, et al. Introduction of “reflex” AST testing in primary 
care increases detection of advanced liver disease: The Gwent 
AST project (GAP). J Hepatol. 2020;73(Suppl 1):S19.

16. Ford DV, Jones KH, Verplancke JP, Lyons RA, John G, Brown 
G, et al. The SAIL Databank: Building a national architecture for 
e-health research and evaluation. BMC Health Serv Res. 2009; 
9:157.

17. Lyons RA, Jones KH, John G, Brooks CJ, Verplancke JP, Ford 
DV, et al. The SAIL databank: Linking multiple health and social 
care datasets. BMC Med Inform Decis Mak. 2009;9:3.

18. Jones KH, Ford DV, Ellwood-Thompson S, Lyons RA. The UK 
Secure eResearch Platform for public health research: A case 
study. Lancet. 2016;388(suppl 1):S62.

19. Wilkinson T, Schnier C, Bush K, Rannikmäe K, Lyons RA, 
McTaggart S, et al. Drug prescriptions and dementia incidence: 
A medication-wide association study of 17 000 dementia cases 
among half a million participants. J Epidemiol Community 
Health. 2022;76:223–9. 

20. Metadataworks. Welsh Longitudinal General Practice Dataset 
(WLGP) – Welsh Primary Care. Discover Metadata Works; 2025.

21. Gao J, Akbari A, Ahmed H, Davies A, Yeoman A, Pembroke 
TPI. Incidence rate and associated patient characteristics of 
liver disease in Wales 2004–2022: A retrospective population- 
scale observational study. BMJ Open. 2025;15:e093335.

22. Pembroke TPI, John G, Puyk B, Howkins K, Clarke R, Yousuf F, 
et al. Rising incidence, progression and changing patterns of 
liver disease in Wales 1999–2019. World J Hepatol. 2023;15: 
89-106.

23. Office for National Statistics. Population Estimates for the UK, 
England, Wales, Scotland, and Northern Ireland: Mid-2022. 
2024. Accessed June 14, 2025. https://www.ons.gov.uk/people
populationandcommunity/populationandmigration/populationes
timates/bulletins/annualmidyearpopulationestimates/mid2022

24. Chalmers J, Wilkes E, Harris R, Kent L, Kinra S, Aithal G, et al. 
Development and implementation of a commissioned pathway 
for the identification and stratification of liver disease in the 
community. Frontline Gastroenterol. 2020;11:86–92.

25. Labenz C, Arslanow A, Nguyen-Tat M, Nagel M, Wörns MA, 
Reichert MC, et al. Structured early detection of asymptomatic 
liver cirrhosis: Results of the population-based liver screening 
program SEAL. J Hepatol. 2022;77:695–701.

26. Srivastava A, Gailer R, Tanwar S, Trembling P, Parkes J, 
Rodger A, et al. Prospective evaluation of a primary care referral 
pathway for patients with non-alcoholic fatty liver disease. J 
Hepatol. 2019;71:371–8. 

27. Macpherson I, Nobes JH, Dow E, Furrie E, Miller MH, Robinson 
EM, et al. Intelligent liver function testing: Working smarter to 
improve patient outcomes in liver disease. J Appl Lab Med. 
2020;5:1090–100. 

28. Mansour D, Grapes A, Herscovitz M, Cassidy P, Vernazza J, 
Broad A, et al. Embedding assessment of liver fibrosis into routine 
diabetic review in primary care. JHEP Rep. 2021;3:100293.

29. El-Gohary M, Moore M, Roderick P, Watkins E, Dash J, Reinson T, 
et al. Local care and treatment of liver disease (LOCATE)–A 
cluster-randomized feasibility study to discover, assess and 
manage early liver disease in primary care. PLoS One. 2018;13: 
e0208798.

12 | HEPATOLOGY COMMUNICATIONS

https://orcid.org/0000-0002-7722-6177
https://orcid.org/0000-0002-0634-8548
https://orcid.org/0000-0001-5235-6517
https://orcid.org/0000-0003-0814-0801
https://orcid.org/0000-0002-7815-5155
https://orcid.org/0000-0002-2600-2034
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregisteredinenglandandwalesseriesdr/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregisteredinenglandandwalesseriesdr/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregisteredinenglandandwalesseriesdr/2017
https://archhealthcare.uk/wp-content/uploads/2023/10/The-alarming-impact-of-liver-disease-FINAL-June-2019.pdf
https://archhealthcare.uk/wp-content/uploads/2023/10/The-alarming-impact-of-liver-disease-FINAL-June-2019.pdf
https://archhealthcare.uk/wp-content/uploads/2023/10/The-alarming-impact-of-liver-disease-FINAL-June-2019.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregistrationsummarytables/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregistrationsummarytables/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsregistrationsummarytables/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2022
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2022
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2022


30. Stasi C, Milani S. Non-invasive assessment of liver fibrosis: 
Between prediction/prevention of outcomes and cost-effective
ness. World J Gastroenterol. 2016;22:1711– 1720.

31. Hayward KL, McKillen BJ, Horsfall LU, McIvor C, Liew K, Sexton 
J, et al. Towards collaborative management of non-alcoholic 
fatty liver disease: A ‘real-world’ pathway for fibrosis risk 
assessment in primary care. Intern Med J. 2022;52:1749–58.

32. Ong E, Gibson H, Lally H, Rowe I, Jones R, Parker R. Early 
access to fibrosis testing in primary care reduces costs. 
Hepatology. 2020;72(1 SUPPL):387A

How to cite this article: Gao J, Ahmed H, 
Cannings-John R, Akbari A, Davies A, Pembroke 
TPI. A liver function test pathway significantly 
increases the early detection of chronic liver 
disease and cirrhosis. Hepatol Commun. 
2026;10:e0887. https://doi.org/10.1097/ 
HC9.0000000000000887

IMPACT OF A LIVER FUNCTION TEST PATHWAY | 13

https://doi.org/10.1097/HC9.0000000000000887
https://doi.org/10.1097/HC9.0000000000000887

	A liver function test pathway significantly increases the early detection of chronic liver disease and cirrhosis
	Background:
	Methods:
	Results:
	Conclusions:
	INTRODUCTION
	METHODS
	Setting and data source
	Population
	Intervention and control
	Outcomes
	Statistical analysis
	Sensitivity analysis
	Ethics approval

	RESULTS
	CLD (including cirrhosis)
	Compensated cirrhosis

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICTS OF INTEREST
	REFERENCES




