Open access Original research

BM)J Open

To cite: Davidson JA,

Brewer HR, Rice CT, et al.
Estimating the clinical

and healthcare burden of
metabolic dysfunction-
associated steatohepatitis

in England: a retrospective
cohort study using routinely
collected healthcare data from
2011 to 2020. BMJ Open
2025;15:¢095761. doi:10.1136/
bmjopen-2024-095761

» Prepublication history

and additional supplemental
material for this paper are
available online. To view these
files, please visit the journal
online (https://doi.org/10.1136/
bmjopen-2024-095761).

Received 28 October 2024
Accepted 31 March 2025

I '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

'CorEvitas, Cheshire, UK
“Madrigal Pharmaceuticals
Inc, West Conshohocken,
Pennsylvania, USA

Correspondence to

Estimating the clinical and healthcare
burden of metabolic dysfunction-
associated steatohepatitis in England: a
retrospective cohort study using
routinely collected healthcare data from

2011 to 2020

Jennifer A Davidson,' Hannah R Brewer,' Caoimhe T Rice,! Sara J Carvalho,’
Yestle Kim @ 2

ABSTRACT

Objective To characterise patients with metabolic STRENGTHS AND LIMITATIONS OF THIS STUDY

dysfunction-associated steatohepatitis (MASH) in England = This study analysed large routinely collected health-
and to estimate its associated healthcare resource use care datasets capturing information from both pri-
(HCRU) and costs, both overall and by progression status mary and secondary care settings across England
and comorbidities. from 2011 to 2020, equating to the inclusion of
Design This was a retrospective observational study ~25% of the English population. .

of adults with a MASH-coded primary and/or secondary = Multiple definitions for metabolic dysfunction-

associated steatohepatitis (MASH) were used to
mitigate potential under or late diagnosis, although
the use of different definitions was exploratory and
each definition relied on diagnosis codes.

= As mean follow-up was only ~4 years, the overall
proportion of patients who will progress to end-
stage liver disease may have been underestimated.

= As the aim of the study was to describe MASH pro-
gression and consider the impact of progression on
healthcare resource use and costs, a non-MASH
comparator to estimate the incremental clinical and
economic burden associated with MASH was not in-
cluded. Most analyses were descriptive, preventing
adjustment for confounding factors.

care recorded diagnosis in England (2011-2020). The
analysis used data from the Clinical Practice Research
Datalink linked to the Hospital Episode Statistics and
death registrations. Annualised all-cause and MASH-
related (ie, coded as MASH, end-stage liver disease

or major adverse cardiovascular event) HCRU and

costs were calculated for patients with incident MASH.
Subgroup analyses were conducted for patients with type
2 diabetes, overweight/obesity, cardiovascular disease or
progression to cirrhosis. Comparative cost analysis was
conducted between those with progressed MASH and
those who did not progress.

Results A total of 2696 patients were included (mean
follow-up: 4 years). Incidence of MASH was estimated

at 4.7 per 100 000 person-years overall and increased
among patients with key comorbidities. Patients who had
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type 2 diabetes had greater HCRU and costs than those INTRODUFTION ) . .
who did not (eg, mean 1.8 vs 1.0 all-cause inpatient Metabolic dysfunction-associated steatotic
admissions and £2227 vs £1151 all-cause inpatient liver disease (MASLD), previously referred to
costs per-patient per-year). Some patients with MASH as non-alcoholic fatty liver disease, is the most
progressed to compensated (8.6%) or decompensated common chronic liver disease in Western
cirrhosis (6.5%) during the study. HCRU and costs were populations.l"?’ About a quarter of individ-
substantially higher among patients who progressed than uals with MASLD will develop a progressive
among those who did not (eg, mean 2.4 vs 1.1 all-cause form called metabolic dysfunction-associated
inpatient admissions and £3620 vs £1290 all-cause steatohepatitis (MASH), previously known
inpatient costs per-patient per-year). as non-alcoholic steatohepatitis.1 6 MASH
Conclusion HCRU and costs associated with MASH is characterised by severe liver damage due
are higher among patients who have cardiometabolic to long-term inflammation in addition to fat
comorbidities or who progress to advanced disease accumulation.??©

stages. Therefore, efforts to detect cases early and Over time, MASH increases the risk of

revent disease progression could reduce healthcare . .
Dr Yestle Kim: p prog end-stage liver disease (ESLD).?2 78 Many
. o burden. . .
ykim@madrigalpharma.com people with MASH develop fibrosis and
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some progress to cirrhosis.” '’ Compensated cirrhosis
(CC) is an asymptomatic stage where hepatic function
is preserved.'’ '* However, CC can progress to decom-
pensated cirrhosis (DC) due to predisposing factors and
precipitating events."" In turn, DC can lead to complica-
tions like hepatocellular carcinoma (HCC), liver failure
and death.® " Notably, a third of people waiting for liver
transplants in the USA have MASH and this percentage
has been increasing."”

Cardiovascularrelated mortality is the leading cause of
death among patients with MASH.'* "> MASLD/MASH
may be both a precursor and a complication of cardiomet-
abolic conditions such as cardiovascular disease (CVD),
diabetes and obesity, for which patients with MASLD/
MASH have increased risk.”'**' Conversely, patients with
diabetes also have a higher prevalence of steatohepa-
titis."® Obesity and diabetes are key determinants of risk
of progression to cirrhosis and HCC."”

Indirect estimates of MASH prevalence derived from
histology, annual health checks, national health surveys
and autopsy data suggest that this condition affects
3%-5% of the global population.” While biomarker-
based and imaging-based non-invasive tests have been
adopted,” # liver biopsy remains the reference stan-
dard.**'® However, its use for screening the general popu-
lation for MASH is not deemed acceptable due to its cost
and risk of complications.®? '° ** Therefore, existing esti-
mates likely underestimate the true prevalence of MASH,
with many patients remaining undiagnosed and most of
those diagnosed presenting advanced fibrosis.'”*

MASH is associated with substantial costs, and the
hospital length-of-stay per patient is longer than for other
serious liver diseases.”® Direct healthcare costs need to
be estimated for each country as they vary considerably
between them.?* %’ In the UK, the total economic costs of
diagnosed MASH were estimated to range £2-£4billion
in 2018."” Advanced liver disease, particularly cirrhosis,
presents the highest costs, highlighting the economic
burden linked to MASH progression.'” %%

The estimated incidence and prevalence of MASH
have roughly doubled globally in the last three decades,”
and the incidence of cirrhosis caused by MASH doubled
between 1990 and 2017.% Further, the prevalence of asso-
ciated risk factors like type 2 diabetes mellitus (T2DM)
is expected to keep rising by 2030, so the corresponding
rates of CC or DC, HCC and liver-related death are also
expected to increase.* '* ' Therefore, costs associated
with MASH are likely to rise, further stressing the impor-
tance of early diagnosis and management of MASH.”°

While accurately estimating healthcare resource
use (HCRU) and costs at a national level requires an
adequate estimation of prevalence in each country,®
there is limited knowledge of the prevalence of MASH
in England" or of the prevalence of complications such
as major adverse cardiovascular events (MACE) among
patients with MASH.? Given the limited MASH and MASH-
associated complication prevalence estimates, HCRU and
costs of MASH in England remain unquantified” *%; thus,

the economic burden of this condition is also believed to
be underestimated.* This study used routinely collected
primary and secondary care data from England to charac-
terise patients with MASH (including complications and
progression) and to estimate the HCRU and healthcare
costs associated with this condition, both overall and by
subgroups based on MASH progression and cardiometa-
bolic comorbidities.

METHODS

Data sources

Patient data were obtained from the Clinical Practice
Research Datalink (CPRD) Aurum, which contains
anonymised electronic healthcare records routinely
collected from primary care providers (general prac-
titioners, GPs) in the UK, mainly in England.‘w At time
of data acquisition, CPRD Aurum captured records for
more than 13 million currently registered patients, repre-
senting ~23% of the England population.™

Secondary care data were obtained from Hospital
Episode Statistics (HES) datasets, which include inpa-
tient admissions (Admitted Patient Care dataset), outpa-
tient appointments (Outpatient dataset), emergency care
attendances (Accident and Emergency dataset) and Diag-
nostic Imaging Dataset at National Health Service (NHS)
hospitals in England.g‘r’ % Death registrations data were
from the Office for National Statistics (ONS). Small area
statistics allowed identification of socioeconomic depriva-
tion levels among patients based on the Townsend depri-
vation score of their local area.”’

CPRD data were linked to HES and ONS data by
NHS Digital; the anonymised linked data were held and
administered by CPRD. As these analyses involved anony-
mised structured data, which according to applicable
legal requirements do not contain data subject to privacy
laws, obtaining informed consent from patients was not
required.

Study design

This was a retrospective observational study comprising cross-
sectional and open-cohort elements. The eligibility window
was 1 January 2011 to 31 December 2020, and the study
period was 1 January 2011 to 31 December 2021 (to allow
at least 1 year of follow-up for each individual). Follow-up
end was the date of ESLD diagnosis, date of death, admin-
istrative censoring (including patient transfer out of their
GP practice or end of data collection at their GP practice),
or 31 December 2021, whichever occurred first. The index
date was 90 days after the date of earliest MASH diagnosis to
account for late detection and ensure identification of inci-
dent cases. The study was conducted according to best prac-
tices, including the use of RECORD guidelines for reporting.

Patient and public involvement

Neither patients nor the public were involved in the
design, conduct, reporting or dissemination of our
research.
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Study population

CPRD patients with >1 MASH-coded primary or secondary
care record (see online supplemental methods for code
details) during the eligibility window were included if
they were eligible for HES linkage, were registered with
their GP at least 12 months before index and were >18
years old at index. Patients were excluded if they had
excess alcohol consumption; previous diagnosis of viral
hepatitis B or C, Wilson’s disease, Gaucher’s disease, chol-
angitis, autoimmune hepatitis, primary biliary cirrhosis,
haemochromatosis, HIV, heavy metal poisoning, or heart
failure prior to index; an ESLD diagnosis (including CC,
DC, HCC or liver transplant) before or <3 months after
the index date; indeterminate gender; or a HES record
matched to 22 CPRD patient records deemed to corre-
spond to different people based on differences in year of
birth and sex.

Due to the possible underdiagnosis and under-
reporting of MASH in the data sources, not all patients
were expected to have a MASH-specific code; to account
for this, additional MASH definitions were explored:
a subset of patients with a MASH-coded diagnosis from
an inpatient setting or >2 diagnoses from outpatient/
primary care settings, and patients with MASLD-coded
diagnosis and liver biopsy, which would be suggestive of
patients likely to have progressed to MASH (see online
supplemental methods and online supplemental tables
S1-S3).

Patients who had T2DM prior to MASH, had CVD
prior to MASH, or had a Body Mass Index (BMI) reading
indicative of being overweight or obese (BMI>25kg/m?)
in the 2 years before MASH were included in analysis as
additional comorbidity subgroup strata.

Epidemiological analysis

Prior to HCRU and cost analyses, descriptive epidemiolog-
ical analyses were conducted. Baseline characteristics were
summarised using descriptive statistics. Annual incidence
of MASH among CPRD-recorded patients was calculated
based on newly diagnosed patients occurring in each year
of the study period; once a patient was diagnosed, they
were censored from inclusion in incidence estimates for
subsequent years. Overall incidence and incidence rate
ratios (IRR) of MASH were calculated by comorbidity
subgroup (presence vs absence of comorbidity).

Annual point prevalence of MASH was calculated for
patients contributing to CPRD during the eligibility
window, including those diagnosed before the study
period; calculations used prevalence on 1 March of each
year, with all patients diagnosed prior to the prevalence
date as the numerator and all eligible patients contrib-
uting to the dataset on the same day of the year as the
denominator.

Incidence and IRR for MACE (defined as myocardial
infarction, stroke, acute heart failure or cardiovascular
death) in patients with MASH were calculated overall and
per MACE event type, and both for the overall population
and for each comorbidity subgroup.

For analyses by progression status among patients
with MASH, the incidence of ESLD (defined as CC, DC,
HCC or liver transplant) during follow-up was calculated
overall and per disease severity state (CC, DC or HCC).
Progression to ESLD was identified by coded diagnoses
and liver transplantation record (codes used are provided
in online supplemental table S4). Median time to death
was estimated using survival probability curves.

Health economic analysis

All-cause and MASH-related (coded with at least one of
the following conditions: MASH, any ESLD, or MACE)
HCRU and costs were calculated. HCRU and costs were
annualised to account for variable follow-up across
patients. For this, summary statistics were generated
by dividing the total value per patient by the time the
patient spent in the cohort during the study period, with
adjustments made for patients with short (<12months)
follow-up or who died within 12 months. All costs were
inflated to 2021-2022 Sterling (£) using the NHS Cost
Inflation Index. Identification and costing of primary and
secondary care HCRU are summarised below. Additional
details are provided in online supplementary methods.

Primary care

Annualised primary care consultations and costs were
calculated and reported per-patient per-year (PPPY), with
additional stratification by staff type (GP (including part-
ners and salaried GPs, doctors in training, and medical
students) or nurse (practice or district nurse) ). Only non-
administrative consultation (ie, limited to patient contact
time) was included.

Primary care was costed based on staff time spent
consulting patients by staff type (exclusive of overheads
and training fees). All doctors were costed as salaried
GPs, practice and district nurses, and allied health profes-
sionals were costed at band 5. Unit costs were taken from
the Unit Costs of Health and Social Care for the financial
year in which the consultation occurred.™

Secondary care

Inpatient admissions (all-cause and MASH-related),
outpatient appointments (all-cause and MASH-related),
and all-cause emergency care attendances PPPY, as well
as their associated costs, were calculated. Day case admis-
sions (ie, admission events where patients were admitted
and discharged on the same day with zero nights spent in
hospital) were excluded from calculations of cumulative
length of stay, but they were included in the analysis of
number/cost of inpatient admissions.

Secondary care inpatient activity was costed based on
health resource groups using the NHS payment grouper
for the financial year in which the HCRU event occurred
and corresponding to the diagnoses and procedures
recorded during admission. Diagnoses were based on
ICD-10 codes and procedures were based on OPCS-4
codes. Where costs were missing, these were imputed
using the median cost for similar events with costs (see
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Open access

I

Table 1 Baseline sociodemographic and clinical
characteristics

Characteristic N=2696
Months of follow-up, mean (SD) 52.0 (32.5)

Age in years, median (IQR)
Gender, n (%)

Female

Male
Ethnicity, n (%)

White

South Asian

Black

Mixed or other

Unknown
Comorbidities, n (%)

Obesity*

Hypertension

T2DM

CVD

Metabolic syndromet

Chronic kidney disease, stages 3-5

Polycystic ovary syndrome
DCSI# score, mean (SD)
Smoking status, n (%)

Non-smoker

Current smoker

Ex-smoker

Current or ex-smoker§

Unknown
Townsend deprivation quintile, n (%)

1 (least deprived)

2

3

4

5 (most deprived)
Charlson Comorbidity Index score, n
(%)

0

1-2

3-4

>5

Elixhauser Comorbidity Index score,
n (%)

0
1-2
3-4
>5

57.1 (46.4, 66.7)

1468 (54.5)
1228 (45.5)

2256 (83.7)
255 (9.5)
73 (2.7)

88 (3.3)

24 (0.9)

1206 (44.7)
1274 (47.3)
1104 (40.9)
517 (19.2)
448 (16.6)
290 (10.8)
94 (3.5)

1.6 (1.7)

1437 (53.3)
202 (7.5)
746 (27.7)
290 (10.8)
21 (0.8)

521 (19.3)
509 (18.9)
500 (18.5)
545 (20.2)

(23.0)

619 (23.0

132 (4.9)
1511 (56.0)
848 (31.5)
205 (7.6)

573 (21.3)
1048 (38.9)
667 (24.7)
408 (15.1)

Continued

Table 1 Continued
Characteristic N=2696
Number of all-cause hospital 2.6 (6.9)

admissions per patient in the year
before index, mean (SD)

All-cause healthcare costs per patient
in the year before index, mean (SD)

£4786 (£5874)

*BMI>30 kg/m?; this differs from the overweight/obese group,
which included BMI=25 kg/m?.

TDefined as the presence of at least three of the following
conditions: obesity based on BMI, diagnosed hypertension,
lowered HDL-cholesterol (<40 mg/dL in men or <50 mg/dL in
women), elevated triglycerides (>150mg/dL), and T2DM.
FAmong those with evidence of diabetes (coded diagnosis or >2
prescriptions of an antidiabetic treatment (oral glucose-lowering
drugs or insulin)).

§Defined where the status was ambiguous; it does not reflect the
sum of the current and ex-smoker categories.

BMI, Body Mass Index; CVD, cardiovascular disease; DCSI,
Diabetes Complications Severity Index; HDL, high-density
lipoprotein; T2DM, type 2 diabetes mellitus.

online supplemental methods). Outpatient costs were
determined by the specialty consulted and whether the
visit was consultant-led. Emergency care costs were deter-
mined by the number and premium of the investigations/
treatments provided.

Comparative cost analysis

To compare all-cause and MASH-related costs for each
progressed severity state against those who did not prog-
ress during the study period, a comparative cost analysis
was conducted. Differences in total all-cause and total
MASH-related costs in natural units were estimated using
a generalised linear model with a gamma distribution and
identity link; a residual value was added to entries with
Z€ro Costs (10'6) to allow model convergence. Estimates
of the incremental cost for those who progressed were
adjusted for comorbidity using Charlson Comorbidity
Index score and continuous follow-up time. Individual p
values were calculated using Wald tests.

RESULTS

Study population

Overall, 2696 individual patients with =1 MASH-coded
primary or secondary care record MASH diagnosis were
included (online supplemental figure S1), and the mean
duration of follow-up was approximately 4 years. The
mean age at baseline was 56 years (SD: 15 years), slightly
over half of patients (55%) were female, and most (84%)
were of white ethnicities. Over 40% of patients had obesity
(BMI=30 kg/m2), hypertension, and/or T2DM, and 19%
had CVD. About half of patients were current smokers or
ex-smokers (table 1). Baseline characteristics using other
MASH definitions are reported in online supplemental
table Sb.
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The incidence of MASH increased between 2011 and
2020, peaking in 2019, with an overall incidence of 4.7
per 100 000 person-years. By the end of the study period
(2020), the prevalence was 26.6 per 100 000 people
(online supplemental figure S2). Incidence and preva-
lence with other MASH definitions are reported in online
supplemental figure S2.

The incidence of MASH was nine times higher among
patients with T2DM (IRR: 9.46), twice higher among
patients with CVD (IRR: 2.34) and five times higher
among patients who were overweight or obese (IRR:
5.20), compared with patients without the corresponding
comorbidity in each case (online supplemental table S6).

Clinical outcomes
Among patients with incident MASH between 2011 and
2020, the overall incidence of MACE was 165 per 1000
person-years (online supplemental table S7). Acute heart
failure was the most frequent type of MACE.

In patients with MASH, the IRR for MACE was higher
among patients with T2DM (1.85), overweight/obesity

(1.10) or CVD (1.86) than among those without each
condition (online supplemental table S8).

Approximately 13% of patients with MASH progressed
to ESLD during follow-up. The median time to ESLD
progression among those who progressed was 1.4 years.
MASH progression to CC was the most frequent progres-
sion observed (8.6%), followed by DC (6.5%); less than
1% of patients progressed to HCC. Percentages do not
add up to 13% because some patients had multiple
progression events recorded (online supplemental table
S9).

Primary care HCRU and costs
The mean number of all-cause primary care consulta-
tions was 16.8 PPPY. The mean number of consultations
coded as MASH-related was 0.1 PPPY, all of which were
GP consultations (table 2).

Mean annualised costs for all-cause consultations were
£602 PPPY, including £354 for GP consultations and
£101 for nurse appointments. Mean annualised costs
for consultations coded as MASH-related were £3 PPPY,

Table 2 Primary care HCRU among patients with incident MASH in England (2011-2020)

T2DM Overweight Progressed to cirrhosis
Total /obese*
(n=2696) No (n=1592) Yes (n=1104) (n=1667) CVD (n=517) No (n=2347) Yes (n=349)
Consultations PPP
All-cause
Mean (SD) 16.8 (13.1) 13.6 (11.2) 21.4 (14.3) 18.1 (13.3) 22.0 (15.3) 16.0 (12.6) 21.9 (15.2)
Median (IQR) 13.6 (8.0- 10.9 (6.3- 18.0 (11.8- 14.6 (9.1-23.4) 19.3 (11.5- 13.0 (7.4- 17.8 (12.0-
21.9) 18.2) 27.0) 28.5) 21.2) 26.9)
MASH-relatedt
Mean (SD) 0.1 (0.6) 0.1 (0.4) 0.1 (0.8) 0.1 (0.7) 0.2 (1.3) 0.1 (0.3) 0.2 (1.4)
Median (IQR) 0 (0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.1)
GP consultations PPPY
All-cause
Mean (SD) 10.3 (8.8) 8.6 (7.8) 12.6 (9.7) 10.7 (8.9) 13.6 (10.5) 9.7 (8.4) 13.7 (10.8)
Median (IQR) 8.0 (4.4-13.6) 6.7 (3.5-11.4) 10.2 (6.0-16.4) 8.6 (4.9-14.2) 11.4(6.0-17.4) 7.5(4.1-13.0) 10.8 (6.9-17.0)
MASH-related*
Mean (SD) 0.1 (0.6) 0.1 (0.4) 0.1 (0.7) 0.1 (0.6) 0.2 (1.2) 0.0 (0.3) 0.2 (1.3)
Median (IQR) 0 (0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.1)
Nurse appointments PPPY
All-cause
Mean (SD) 2.0 (3.6) 1.5 (2.8) 2.8 (4.3 2.3(3.8) 2.6 (4.8) 1.9 (3.5) 2.5(3.8)
Median (IQR) 0.8 (0.0-2.5) 0.5(0.0-1.8) 1.3(0.0-3.8) 0.9 (0.0-2.9) 0.9(0.0-8.3) 0.7(0.0-2.4) 1.2(0.1-3.1)
MASH-related*
Mean (SD) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.1) 0.0 (0.0) 0.0 (0.0)
Median (IQR) 0 (0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.0)

*Included overweight (BMI>25 kg/m?) and obese (BMI=30kg/m?).
TIncluded a MACE, MASH or ESLD diagnosis.

BMI, Body Mass Index; CVD, cardiovascular disease; ESLD, end-stage liver disease; GP, general practitioner; HCRU, healthcare
resource use; MACE, major adverse cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis; PPPY, per-patient

per-year; T2DM, type 2 diabetes mellitus.
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Table 3 Primary care costs among patients with incident MASH in England (2011-2020)

T2DM Overweight Progressed to cirrhosis
/obese*
Total (n=2696) No (n=1592) Yes (n=1104) (n=1667) CVD (n=517) No (n=2347) Yes (n=349)
Cost of consultations PPPY
All-cause
Mean (SD) £602 (£475) £487 (£406) £768 (£517) £649 (£482) £785 (£549) £575 (£459) £779 (£539)
Median (IQR) £488 (£280- £392 (£219- £642 (£415-  £524 (£324-  £670 (£404- £465 (£262—-  £635 (£433-
£781) £652) £982) £831) £1031) £755) £966)
MASH-related*
Mean (SD) £3 (£20) £2 (£14) £3 (£26) £3 (£23) £7 (£43) £2 (£11) £8 (£47)
Median (IQR) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£5)
Cost of GP consultations PPPY
All-cause
Mean (SD) £354 (£304) £298 (£267) £434 (£335) £370 (£305) £466 (£360) £336 (£289) £472 (£371)
Median (IQR) £273 (£152-  £233 (£120- £353 (£207- £296 (£168-  £391 (£206- £258 (£140-  £375 (£243-
£469) £393) £562) £489) £601) £449) £590)
MASH-related*
Mean (SD) £2 (£19) £2 (£13) £3 (£24) £2 (£21) £6 (£40) £2 (£10) £7 (£44)
Median (IQR) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£4)
Cost of nurse appointments PPPY
All-cause
Mean (SD) £101 (£181) £74 (£146) £139 (£216) £114 (£194) £131 (£240) £97 (£181) £122 (£182)
Median (IQR) £37 (£0-£127) £26 (£0-£93) £61 (£0-£192) £45 (£0-£144) £46 (£0-£164) £35 (£0-£120) £60 (£6-£155)
MASH-relatedt
Mean (SD) £0 (£2) £0 (£2) £0 (£2) £0 (£2) £0 (£3) £0 (£2) £0 (£2)
Median (IQR) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0) £0 (£0-£0)

*Included overweight (BMI>25kg/m?) and obese (BMI>30kg/m?).
TIncluded a MACE, MASH or ESLD diagnosis.

BMI, Body Mass Index; CVD, cardiovascular disease; ESLD, end-stage liver disease; GP, general practitioner; MACE, major adverse
cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis; PPPY, per-patient per-year; T2DM, type 2 diabetes

mellitus.

including £2 for GP appointments and zero for nurse
appointments (table 3).

Patients with MASH and T2DM had more all-cause
consultations PPPY (mean: 21.4 vs 13.6 visits) and higher
costs (£768 vs £487) than those who did not have T2DM.
Patients who progressed to cirrhosis had more all-cause
consultations PPPY (mean: 21.9 vs 16.0 visits) and higher
costs (£779 vs £575) than those who did not progress.
HCRU is summarised in table 2 and costs are summarised
in table 3. Results with other MASH definitions are
reported in online supplemental tables S10 and S11.

Secondary care HCRU and costs

On average, there were 1.3 all-cause and 0.2 MASH-
related inpatient admissions PPPY. 74.9% were day case
admissions, and the mean cumulative all-cause length of
stay PPPY (excluding day case admissions) was 3.2 days.
On average, there were 5.8 (all-cause) and 1.1 (MASH-
related) outpatient appointments PPPY. The mean
number of all-cause emergency care attendances was 0.5
PPPY (table 4).

Mean annualised costs for inpatient admissions PPPY
were £1592 (all-cause) and £477 (MASH-related). Mean
annualised costs for outpatient appointments were £702
(all-cause) and £152 (MASH-related). Emergency care
attendances cost a mean of £78 PPPY (table 5).

There were more all-cause inpatient admissions and
outpatientappointments for those with T2DM (1.8 and 7.3
PPPY, respectively) than for those without T2DM (1.0 and
4.8 PPPY, respectively). Similarly, patients who progressed
to cirrhosis had approximately twice as many all-cause
inpatient admissions and outpatient appointments (2.4
and 9.9 PPPY, respectively) than those who did not prog-
ress (1.1 and 5.2 PPPY, respectively) (table 4). Mean all-
cause inpatient costs PPPY were higher in patients who
had T2DM than in those who did not (£2227 vs £1151)
and in patients who progressed to cirrhosis than in those
who did not (£3620 vs £1290) (table 5). Emergency care
costs showed the same pattern (tables 4-5). Secondary
HCRU and cost results with other MASH definitions are
reported in online supplemental tables S12 and S13.
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Table 4 Secondary care HCRU among patients with incident MASH in England (2011-2020)

T2DM Overweight Progressed to cirrhosis
Total /obese*
(n=2696) No (n=1592) Yes (n=1104) (n=1667) CVD (n=517) No (n=2347) Yes (n=349)

Total admissions PPPY

All-cause

Mean (SD) 1.3(6.2) 1.0 (4.3) 1.8 (8.1) 1.3 (6.8) 2.4 (11.1) 1.1(6.2) 2.4 (6.1)

Median (IQR) 0.3 (0.0-1.0) 0.2 (0.0-0.8) 0.4(0.0-1.2) 0.3(0.0-1.0) 0.7 (0.0-1.8) 0.2(0.0-0.8) 1.0(0.4-2.0)

MASH-relatedt

Mean (SD) 0.2 (1.6) 0.1 (0.6) 0.4 (2.4) 0.2 (0.6) 0.4 (1.0) 0.1 (0.7) 1.0 (4.0

Median (IQR) 0.0 (0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.2) 0.0(0.0-0.0) 0.0(0.0-0.4) 0.0(0.0-0.0) 0.3(0.1-0.8)
Day case admissions, n (%) 9071 (74.9) 4252 (75.4) 4819 (74.4) 5779 (75.5) 2773 (73.0) 6697 (76.0) 2374 (71.8)
All-cause length of stay, days 3.2 (14.9) 2.2 (12.4) 4.6 (17.9) 2.8 (13.1) 7.3 (24.4) 2.6 (14.3) 6.8 (18.4)
PPPY, mean (SD)
Outpatient appointments PPPY

All-cause

Mean (SD) 5.8 (7.8) 4.8 (6.4) 7.3(9.3) 5.9 (7.3) 7.4 (9.6) 5.2 (7.2) 9.9 (10.9)

Median (IQR) 3.4(1.1-7.6) 2.7(0.7-6.2) 4.4(1.7-9.3) 3.6 (1.2-8.0) 4.7 (1.6-10.0) 2.9 (0.9-6.6) 7.0(3.9-12.2)

MASH-relatedt

Mean (SD) 1.1 2.2 1.0 (1.7) 1.3 (2.7) 1.1(1.8) 1.4 (2.1) 0.9 (1.7) 2.2 (4.1)

Median (IQR) 0.4 (0.0-1.5) 0.3 (0.0-1.3) 0.6(0.0-1.7) 0.5(0.0-1.5) 0.6(0.0-2.0) 0.3 (0.0-1.2) 1.5(0.6-2.6)
Emergency care attendances PPPY

Mean (SD) 0.5(1.3) 0.4 (1.0 0.7 (1.6) 0.5(1.3) 0.9 (1.9) 0.5(1.1) 1.0(1.8)

Median (IQR) 0.0 (0.0-0.5) 0.0(0.0-0.4) 0.1(0.0-0.7) 0.0(0.0-0.5) 0.2(0.0-1.0) 0.0(0.0-0.5) 0.4 (0.0-1.0)

*Included overweight (BMI=25 kg/m?) and obese (BMI>30kg/m?).
TIncluded a MACE, MASH or ESLD diagnosis.

FOutpatient appointments with gastroenterology, hepatology or cardiology.
BMI, Body Mass Index; CVD, cardiovascular disease; ESLD, end-stage liver disease; HCRU, healthcare resource use; MACE, major
adverse cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis; PPPY, per-patient per-year; T2DM, type 2

diabetes mellitus.

Comparative cost analysis

Over the study follow-up period (mean: 4 years), all-cause
and MASH-related costs were significantly higher for
patients with MASH who progressed to CC or DC than
for those who did not progress. Using those who did not
progress as the reference, the estimated incremental all-
cause adjusted costs were greater for those who progressed
from MASH to DC (mean (95% CI): £18 376 (£12 874,
£25 706)) than for those who progressed to CC (£7500
(£4075, £10 924)) (online supplemental table S14).

DISCUSSION
This study used routinely collected data from primary
and secondary care settings in England to assess the char-
acteristics of MASH as well as to describe MASH progres-
sion. Furthermore, the analysis described HCRU and
healthcare costs among patients with incident MASH,
both overall and based on progression and the presence
or absence of key comorbidities.

We provide the first direct estimates of MASH inci-
dence and prevalence in England. We found a sustained
increase in MASH incidence over time (with the reduction

in 2020 likely to be related to COVID-19). Notably, MASH
prevalence in our study (equivalent to 0.02%-0.03%) was
much lower than estimates (3%-5%) previously derived
for the UK and other countries.” However, most prior
estimates were based on Markov modelling* '* or feed-
back from clinical panels.'” By contrast, our analysis was
based on real-world data sources including the general
population. Given the diagnostic challenges of MASH
(particularly at early stages, where symptoms may be few
or non-specific),” true MASH incidence and prevalence
may have been underestimated in our study.

CVD was among the most prevalent comorbidities in
this study population, in line with existing literature indi-

cating a CVD prevalence of up to 20% among patients

with MASH.? The percentage of patients with MASH
and CVD in this study was much lower than in a previous
report from the USA, where almost 70% of patients with
MASH had CVD.* This difference may be explained by
the different patient populations of both studies (USA
vs England) in addition to the fact that patients with
incident MASH in our study (as opposed to a prevalent
MASH population) may not have had sufficient time to
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Table 5 Secondary care costs among patients with incident MASH in England (2011-2020)

T2DM

Total (n=2696) No (n=1592) Yes (n=1104)

Overweight Progressed to cirrhosis
/obese*
(n=1667) CVD (n=517) No (n=2347) Yes (n=349)

Total admissiont cost PPPY

All-cause
Mean (SD) £1592 (£4420) £1151 £2227 (£5793)
(£3058)

Median (IQR) £217 (£0- £154 (£0- £381 (£0-
£1255) £950) £1850)

MASH-relatedt

Mean (SD) £477 (£2394) £278 (£1466) £765 (£3281)

Median (IQR) £0 (£0- £0) £0 (£0-£0) £0 (£0-£160)

Outpatient appointment§ cost PPPY

All-cause
Mean (SD) £702 (£986) £583 (£837) £872 (£1147)
Median (IQR) £399 (£128-  £329 (£88-  £520 (£205-
£906) £740) £1140)
MASH-related|
Mean (SD) £152 (£307) £130 (£243) £184 (£378)
Median (IQR) £60 (20-£200) £40 (20— £91 (£0-£238)
£174)

Emergency care attendance™ cost PPPY
Mean (SD) £78 (£192) £59 (£143) £106 (£244)
Median (IQR) £0 (£0-£74) £0 (£0-£60) £15 (£0-£103)

*Included overweight (BMI>25 kg/m?) and obese (BMI>30kg/m?).

£1536 (£4112) £3236 (£7323) £1290 (£3934) £3620 (£6497)

£228 (£0- £813 (20— £153 (20— £1153 (£314—

£1406) £3509) £1012) £4063)

£477 (£2255) £1199 (£4097) £246 (£1630) £2036 (£4867)

£0 (20-£0)  £0 (20-£454)  £0 (£0-£0)  £327 (£80-
£1871)

£716 (2922)  £899 (£1165)  £625(£897)  £1215 (£1343)

£425 (£154-  £558 (£200-  £349 (£102-  £841 (£445-

£957) £1241) £785) £1522)

£151 (£247)  £189(£302)  £128(£237)  £313 (2564)

£65 (£0-£208) £79 (£0-£270) £40 (£0-£171) £195 (£87-£390)

£77 (£192)
£0 (£0-£75)

£144 (£307)
£28 (£0-£142)

£68 (£174)
£0 (20-£64)

£149 (£278)
£56 (£0-£158)

1tThe proportion of inpatient admissions with imputed costs was 10.2% (total), 9.8% (without T2DM), 10.5% (with T2DM), 8.6%
(overweight/obese), 13.2% (CVD), 10.7% (not progressed to cirrhosis) and 8.7% (progressed to cirrhosis).

FIncluded a MACE, MASH or ESLD diagnosis.

§The proportion of outpatient appointments with imputed costs was 27.0% (total), 28.5% (without T2DM), 25.3% (with T2DM), 26.7%
(overweight/obese), 26.0% (CVD), 27.4% (not progressed to cirrhosis) and 25.6% (progressed to cirrhosis).

Y|Outpatient appointments with gastroenterology, hepatology or cardiology.

**The proportion of emergency care attendances with imputed costs was 16.2% (total), 17.7% (without T2DM), 14.7% (with T2DM),
15.5% (overweight/obese), 14.8% (CVD), 16.8% (not progressed to cirrhosis) and 14.2% (progressed to cirrhosis).

BMI, Body Mass Index; CVD, cardiovascular disease; ESLD, end-stage liver disease; HCRU, healthcare resource use; MACE, major
adverse cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis; PPPY, per-patient per-year; T2DM, type 2

diabetes mellitus.

develop CVD. Acute heart failure was the main incident
MACE during the study period, which is consistent with
recent evidence indicating a strong association between
MASLD and the risk of developing heart failure.*’

While most patients with MASH in our study were not
observed to progress during their follow-up period, those
who did progress (13%) did so with a median time to
progression of 1.4 years. Our observed rates of progres-
sion to CC and DC did differ from previous analyses. In
this study, about 8% of patients with MASH progressed to
CC or DC over 4 years of study follow-up, which contrasts
with a USA real-world study that first observed 1.4% of
patients with MASLD/MASH to progress to CGC and
27.6% to progress to DC over 8 years of study follow-up.”
This discrepancy might be due to the different follow-up,
methodology, and analysis population (USA vs England),
but the fact that more patients were first observed with

DC than with CC in the USA study is unsurprising given
that CC is often asymptomatic.'’ '* Further, patients who
progressed who only had the progression event recorded
(and not MASH) would have been excluded from the
current analysis. Rates of progression to HCC (0.4%-—
0.7%) in this analysis were consistent with the ~0.2%
reported in the USA study.™

A key objective was to analyse HCRU and costs in
primary and secondary care settings. Patients with MASH
had an average of ~13 all-cause primary care consul-
tations PPPY. This is over two times greater than the
average number of all-staff consultations in primary care
per patient in the UK in 2018-2019,"" highlighting the
substantial healthcare burden of MASH.” Primary care
providers in England are funded on a per-capita basis;
their funding was £160 per patient for 2020-2021,* but
our estimates show that costs for primary care use in
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MASH more than double this PPPY. Of note, all-cause
costs PPPY were much higher than MASH-related costs;
this likely reflects the fact that most events are not coded
as related to MASH, even though they might be, due to
multimorbidity. As cardiometabolic comorbidities may be
both a cause and consequence of MASH,2 1621 A ll-cause
costs provide a more comprehensive assessment.

Importantly, patients with MASH who also had T2DM
had greater HCRU and costs than those who did not have
diabetes, both in primary and secondary care settings.
This finding is consistent with a recent literature review
that found that costs were higher among patients with
MASH who had comorbidities than among those who
did not.?® Specifically, our results suggest that concomi-
tance of MASH and T2DM might result in more compli-
cations and require increased care, consistent with a
recent US report that dual diagnosis with MASH and
T2DM is associated with incremental costs.”® Further,
the subgroup of patients with both MASH and CVD had
more appointments in primary care and admissions/
attendances in secondary care than the overall sample
of patients with MASH. This could be explained by the
increased risk of cardiac complications in MASH, which
has been shown to be independent of traditional cardio-
vascular risk factors and related to liver inflammation.**
Together, these results stress the substantial HCRU and
cost burden of cardiometabolic comorbidities. In line
with this, current clinical guidelines for MASLD indicate
that non-invasive tests (such as the fibrosis-4 index (FIB-
4)) should be offered to individuals with cardiometa-
bolic risk factors, and that screening of subpopulations
with increased risk may be justified to enhance early
diagnosis and management, which could prevent
progression.'”

Healthcare use for MASH focuses on managing
complications of the disease,26 and most associated costs
are incurred in secondary care.'” * Notably, we quanti-
fied HCRU and costs among patients with MASH who
progressed to cirrhosis, which were significantly higher
than among those who did not. Our quantitative findings
support previous suggestions that early-stage MASH may
progress to more costly ESLD if left untreated,'” and that
healthcare costs are generally higher for patients with
MASH/MASLD in advanced stages, including cirrhosis,
than for those in earlier stages.27 4 Our comparative
cost analysis demonstrated a significant incremental
cost for patients who progressed to CC or DC, which is
consistent with a recent US cohort study where costs PPPY
were also significantly higher for patients with MASH
who progressed or developed cirrhosis during follow-up
compared with those who did not.*” Overall, this study
highlights the need for improved diagnosis and manage-
ment of early-stage MASH to reduce the economic
burden of this disease. Therapies that slow progression
may help alleviate this burden,"” and non-invasive diag-
nostic tests may improve detection of cases and reduce
healthcare costs.*®

Strengths and limitations

This study analysed patients obtained from a large primary
care dataset which captures data from practices across
England and used longitudinal data from 2011 to 2020.
CPRD Aurum is widely regarded as broadly representative
of the UK population.g‘2 However, this analysis also had
some limitations. MASH diagnosis is limited by the non-
specificity of symptoms at early stages (if patients show
any symptoms at all®), and incidence and prevalence
were likely to be underestimated due to under-reporting
in routinely collected healthcare datasets. Indeed, 80%
of the population with MASH in the UK in 2018 was esti-
mated to be undiagnosed."” To mitigate this issue, we
explored multiple definitions for MASH that had limited
overlap (such that the patients included in each defini-
tion differed); results were generally consistent across
definitions. However, the use of different definitions was
exploratory; each definition relied on coded diagnosis
of MASH/MASLD; patients without a coded diagnosis
were not included in the study. We cannot assess the
level of missing diagnoses/patients or know the reasons
for missing diagnoses, but those patients may have either
mild disease presentation (missing diagnosis) or have
rapidly progressed disease (resulting in end-ESLD diag-
nosis only). ™

The follow-up period (mean ~4 years) might have
been insufficient to derive true rates of progression, as
the study population consisted of patients with incident
MASH, some of whom may have progressed after the
study period. Disease burden should be analysed further
in a cohort of patients with MASH with sufficient time to
observe progression.

The study did not include the use of a non-MASH
comparator, and most analyses were descriptive so
confounding factors could not be accounted for. Prescrip-
tion costs (excluding high-cost drugs that would be cate-
gorised under OPCS-4 codes) could not be determined
for secondary care. High healthcare use and costs may
be accrued largely by patients with late-stage, progressed
MASH. Productivity loss or economic inactivity due to
illness and other economic costs were not estimated in
this analysis; previous work suggests that, in patients with
MASH, these are substantially higher than direct health-

care COStS.Zb 27

Conclusion

This study provides an up-to-date descriptive epidemio-
logical and health economic summary of the burden of
MASH in England. MASH places a significant demand
on healthcare resources. As its prevalence continues
to grow, the economic burden of MASH will become
increasingly important. Patients who had comorbidities
like T2DM or who progressed to cirrhosis showed higher
HCRU and costs than those who did not. While rates of
progression to CC and DC were relatively low in the study
population, those who progressed did so with a median
time to progression of 1.4 years. Notably, HCRU and costs
were significantly higher among patients with MASH
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who progressed to these advanced disease stages. There-
fore, efforts towards preventing disease progression by
improving early-stage diagnosis and management, partic-
ularly in high-risk populations, could reduce healthcare
burden.
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