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ABSTRACT

Background and Aims: Metabolic dysfunction-associated steatotic liver disease (MASLD) and its progressive form, metabolic
dysfunction-associated steatohepatitis (MASH), are highly prevalent among people living with type 2 diabetes, with estimated
rates of 65.4% and 31.6%, respectively, globally. This study aimed to estimate the direct healthcare costs of two MASLD and
MASH screening strategies among all people living with diabetes in Brazil, Germany, Japan, the Kingdom of Saudi Arabia
(KSA), Spain and the United States (US), from 2026 to 2030.

Methods: Strategy 1 consisted of a one-time universal screening of all adults living with diabetes. Strategy 2 involved bien-
nial retesting of individuals who initially tested negative. The Fibrosis-4 (FIB-4) index was used as the first line test, followed
by the Enhanced Liver Fibrosis (ELF) test or vibration-controlled transient elastography (VCTE) for confirmatory assessment.
Implementation costs were estimated based on the country-specific prevalence of diabetes and included positive price variations
that were aligned to monetary policy targets.

Results: Over 5years, the estimated costs of Strategy 1 ranged from R$0.7-1.3 billion for Brazil, €346-617 million for Germany,
¥80-172 billion for Japan, SAR 3.7-6.0 billion for the KSA, €591-949 million for Spain and $2.7-15.2 billion for the US. Strategy
2 resulted in higher costs, ranging from R$1.2-2.0 billion for Brazil, €528-940 million for Germany, ¥121-262 billion for Japan,
SAR 5.7-9.2 billion for the KSA, €0.9-1.4 billion for Spain and $4.1-23 billion for the US.

Conclusions: This study provides valuable guidance for policymakers and healthcare managers to integrate liver fibrosis screen-
ing strategies for people living with diabetes into national health budgets.

Abbreviations: $, United States dollar; ¥, Japanese yen; €, euro; ADA, American Diabetes Association; ALT, alanine transaminase; AST, aspartate aminotransferase;
CPG, clinical practice guideline; CVD, cardiovascular disease; DSA, deterministic sensitivity analysis; ELF, Enhanced Liver Fibrosis; EMA, European Medicines
Agency; US FDA, US Food and Drug Administration; FIB-4, Fibrosis-4; GBD, Global Burden of Disease; HCC, hepatocellular carcinoma; I$, international dollar; IDF,
International Diabetes Federation; KSA, Kingdom of Saudi Arabia; LTFU, lost to follow-up; MASH, metabolic dysfunction-associated steatohepatitis; MASLD,
metabolic dysfunction-associated steatotic liver disease; MoC, model of care; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NCD,
non-communicable disease; R$, Brazilian real; SAR, Saudi riyal; SDG, Sustainable Development Goal; T1D, type 1 diabetes; T2D, type 2 diabetes; UN, United Nations;
US, United States; VCTE, vibration-controlled transient elastography; WHO, World Health Organization.
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Summary

« Screening for metabolic dysfunction-associated stea-
totic liver disease (MASLD) and its progressive form,
metabolic  dysfunction-associated  steatohepatitis
(MASH), among people living with diabetes aligns
with the World Health Organization's quick buys.

« In this first-ever comparison of MASLD and MASH
screening costs, in six countries, a novel approach was
taken by incorporating the costs of performing such
screening among all individuals living with diabetes.

« Estimating the cost of screening for diseases can guide
priority setting and resource allocation in national
decision-making.

1 | Introduction

The prevalence of diabetes among people aged 20-79years
is estimated to be 11.1% globally and is expected to rise in the
coming years, with approximately half of those living with the
condition remaining unaware of their diagnosis [1]. Diabetes
is closely associated with metabolic dysfunction-associated
steatotic liver disease (MASLD) and its advanced form, meta-
bolic dysfunction-associated steatohepatitis (MASH), formerly
known as non-alcoholic fatty liver disease (NAFLD) and non-
alcoholic steatohepatitis (NASH), respectively [2, 3]. Among in-
dividuals living with type 2 diabetes (T2D) [4] the prevalence
of MASLD and MASH has been estimated at 65.4% (95% confi-
dence interval [CI]: 61.8-68.2%) and 31.6% (95% CI: 17.1-50.7%),
respectively. Meanwhile, the prevalence of MASLD is approxi-
mately 22.2% (95% CI: 15.6-30.7%) among those living with type
1 diabetes (T1D) [3, 5].

People living with diabetes and MASLD are at an increased
risk of developing advanced liver fibrosis and progressing to
severe liver outcomes, such as decompensated cirrhosis or he-
patocellular carcinoma (HCC) [2]. The progression of MASLD
is influenced by cardiometabolic risk factors such as insulin
resistance and obesity, which accelerate fibrosis progression
[6, 7]. Advanced liver fibrosis (stage 3 or higher) is an import-
ant predictor for liver-related and all-cause mortality [8-11].
Additionally, cardiovascular disease (CVD) is the leading cause
of death among people living with MASH with fibrosis, particu-
larly those with coexisting T2D [12, 13]. The complex interplay
between cardiometabolic abnormalities and MASLD highlights
the need for a comprehensive management approach with mul-
tidisciplinary care across different specialties. Several models of
care (MoCs) have demonstrated that multidisciplinary care im-
proves hepatic and extrahepatic outcomes in people living with
MASLD and MASH [14-16].

MASLD has emerged as a public health threat, contributing to
high direct and indirect healthcare costs and high rates of health
service utilisation [17-19]; it is also one of the leading causes
for liver transplantation [20]. Several studies have shown that
screening individuals for MASLD is cost-effective, enabling ear-
lier detection and timely and effective management to prevent or
halt disease progression [21, 22]. As a result, many clinical prac-
tice guidelines (CPGs) recommend routine MASLD screening

among individuals living with T2D using non-invasive test-
ing algorithms such as a two-tiered approach, with initial risk
stratification via the Fibrosis-4 (FIB-4) index, followed by the
Enhanced Liver Fibrosis (ELF) test or vibration-controlled tran-
sient elastography (VCTE) if FIB-4 results are high [23-25].
Such screening strategies, alongside the use of multidisciplinary
MoCs, could not only improve health outcomes but also reduce
the costs associated with diagnosing MASLD at advanced stages
[26]. Additionally, the 2025 American Diabetes Association
(ADA) Consensus Report on MASLD extended screening rec-
ommendations to individuals living with pre-diabetes [27].

CPGs and systematic reviews have emphasised the potential
benefits of implementing screening strategies as a form of sec-
ondary prevention, aiming to effectively manage MASLD in its
early stages through lifestyle-based interventions [28] or emerg-
ing pharmacotherapies. The latter includes resmetirom, which
was approved by the US Food and Drug Administration (FDA)
in March 2024 and in August 2025 by the European Medicines
Agency (EMA) [26, 29-31]. Because MASLD-related liver fibro-
sis often progresses slowly, there is an opportunity to identify
and treat people living with this condition before the onset of
cirrhosis or HCC [32].

Lessons can also be drawn from the success of population-level
screening for other conditions. For example, colorectal [33] and
cervical cancer screening programmes have reduced disease-
specific mortality, while risk-based approaches—such as lung
cancer screening [34] or cardiovascular risk assessment—have
guided early intervention and improved health outcomes in tar-
geted populations [33].

2 | Aim

This study aimed to estimate the direct healthcare costs of two
screening strategies for MASLD and MASH, among all people
living with diabetes in Brazil, Germany, Japan, the Kingdom of
Saudi Arabia (KSA), Spain and the United States, from 2026 to
2030. Strategy 1 consisted of one-time screening of all people
living with diabetes. Strategy 2 involved biennial retesting of all
people who initially tested negative.

3 | Methods
3.1 | Study Type and Population

A cost analysis was undertaken to estimate the direct healthcare
costs of two screening strategies for MASLD and MASH among
all individuals living with T1D and T2D in Brazil, Germany,
Japan, the KSA, Spain and the US from 2026 to 2030, from a
health system perspective. These countries were selected based
on their health system and diabetes prevalence differences, as
well as to contribute to the geographic diversity of the analy-
sis. The 2026 to 2030 timespan was selected to align with the
new World Health Organization (WHO) concept of ‘quick buys’,
which is defined as interventions likely to show measurable ef-
fects within Syears, consistent with the average electoral cycle
in many countries [35]. It also aligns with the target completion
date of the United Nations' Sustainable Development Goals (UN
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SDGs), with the SDGs set out in Target 3.4 (i.e., ‘By 2030, re-
duce by one third premature mortality from non-communicable
diseases [NCDs] through prevention and treatment and promote
mental health and well-being’) being particularly relevant [36].
Screening and diabetes population estimates were derived
from published recommendations and prevalence data, respec-
tively [1, 23, 27, 37].

3.2 | Screening Strategies

3.2.1 | Strategy 1: Once-Only Screening (Without
Retesting)

This strategy used the projected 2030 prevalence for T1D and
T2D, derived from the Global Burden of Disease (GBD) study
and the International Diabetes Federation (IDF) [1, 38], as the
total population to be screened during the 2026 to 2030 period.
This projected number of people was distributed uniformly
within the 5-year period, meaning that 20% of the projected
population living with T1D and T2D for 2030 was screened each
year. This strategy involved screening everyone once and did not
involve retesting (Figure 1).

3.2.2 | Strategy 2: Biennial Screening (With Retesting
Every 2Years)

Strategy 2 built upon Strategy 1 by incorporating biennial retest-
ing of individuals who tested negative or were lost to follow-up
(LTFU). For 2026 and 2027, the number of individuals screened

I :
Screening strategy 1:

once-only screening (without retesting)

Target: 100% of forecasted people
living with diabetes for the year 2030

Time period: 2026-2030

Year 2026
(20% of target)

Year 2027
(20% of target)

Year 2028
(20% of target)

Year 2029
(20% of target)
Year 2030
(20% of target)

100%

FIB-4 screening:

matched Strategy 1. However, those with a negative FIB-4, ELF,
or VCTE result, and those LTFU in years 2026, 2027 and 2028,
were retested in 2028, 2029 and 2030, respectively. Retesting be-
yond 2030 was not included. Consequently, the total number of
screenings in Strategy 2 exceeded the projected T1D and T2D
prevalence for 2030 (Figure 2).

For both strategies, it was assumed that 100% of the population
scheduled to be screened underwent FIB-4 testing and, of these,
40% were expected to have results above the low-risk cut-off
threshold and therefore proceeded to second-line testing with
either ELF or VCTE. In Brazil, the ELF test was incorporated
into this model from 2028 onward, acknowledging its current
unavailability in the country and the potential for its introduc-
tion in the near future. It was also assumed that 85% of those
who underwent ELF or VCTE tested positive and that 10% were
LTFU. Country-specific proportions of ELF or VCTE use were
applied to allocate costs accordingly (Table S1).

Costs were estimated on an annual basis without discounting, as
all projected costs were expected to be evenly distributed across
the 5-year period. Moreover, positive price variations that were
aligned with monetary policy targets were incorporated. Results
are reported in local currencies and international dollars (I$) for
the year 2023.

3.3 | Deterministic Sensitivity Analysis

To account for uncertainty, a deterministic sensitivity analysis
(DSA) was performed using a low-cost scenario (baseline —20%),

FIB-4 negative
results: 60%

ELF negative
results: 15%
ELF positive
results: 85%

LTFU: 10%
ELF: 15%*

VCTE: 85%%*

FIB-4 positive
results: 40%

VCTE negative
results: 15%

VCTE positive
results: 85%

FIGURE1 | MASLD and MASH screening strategy 1. ELF, Enhanced Liver Fibrosis; FIB-4, Fibrosis-4; LTFU, lost to follow-up; MASH, meta-
bolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver disease; VCTE, vibration-controlled transient

elastography. FIB-4 positive results are defined as >1.3 in individuals < 65years old and >2.0 in individuals > 65years old; ELF positive results are
defined as >9.8. *Of the 90% that were not LTFU: VCTE positive results are defined as >8kPa.
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Screening Strategy 2:
Biennial retesting

Target: 100% of forecasted people
living with diabetes for year 2030

Time horizon: 2026-2030

FIB-4 screening:
100%

Year 2029
(20% of target)
retesting out of time horizon

/ S
! ~<
i
|
\
\
\
N

h

Year 2030
(20% of target)
retesting out of time horizon

FIB-4 Negative
results: 60%
FIB-4 Positive
results: 40%

............

ELF test: 15%

ELF Positive
results: 85%

VCTE test: 85%

VCTE Positive
results: 85%

FIGURE2 | MASLD and MASH screening strategy 2. ELF, Enhanced Liver Fibrosis; FIB-4, Fibrosis-4; LTFU, lost to follow-up; MASH, metabolic
dysfunction-associated steatohepatitis; metabolic dysfunction-associated steatotic liver disease; VCTE, vibration-controlled transient elastography.
FIB-4 positive results are defined as > 1.3 in individuals <65years old and > 2.0 in individuals > 65years old; ELF positive results are defined as >9.8.
*Of the 90% that were not LTFU: VCTE positive results are defined as >8kPa.

a high-cost scenario (baseline +20%) and LTFU levels of 10%
(baseline) and 20%. Due to greater uncertainty around cost es-
timates for the US, an additional high-cost scenario of baseline
+200% was included for that country.

3.4 | Screening Pathway and Screening/Diagnosis
Thresholds

A two-tiered screening approach, with FIB-4 testing followed by
ELF or VCTE as second-line tests, was modelled. This approach
was assumed to be implemented within the existing standards
of care via which each country manages individuals living with
diabetes, including their routine tests and follow-up visits. The
screening pathway was assumed to start within the existing
standard of care in which individuals living with diabetes are
routinely managed and followed up in primary care. Primary
care was considered the most appropriate entry point for screen-
ing, as it allows for early identification and referral. While spe-
cialists may become involved, this model aligns with evidence
supporting a multidisciplinary approach to the management of
patients at risk of having MASLD.

In the initial phase of screening, the FIB-4 was used as the first-
line test for risk stratification for those with an intermediate-
high risk of having MASLD, with a cut-off value of >1.3 for
people aged <65years and >2.0 for people aged > 65years, in-
dicating the need for referral to a liver specialist. Anyone with
a FIB-4 above the cut-off would undergo second-line screen-
ing via ELF or VCTE, with cut-off values of >9.8 or >8.0kPa,

respectively (Figure 3) [39]. In the model, it was assumed that
40% of those screened via FIB-4 would test positive and proceed
with second-line testing, and that 85% of those undergoing ELF
or VCTE would test positive [40-42].

3.5 | Input Description

Model inputs included the projected T1D and T2D prevalence
for each country, direct cost inputs and national inflation targets
(Table S2) and screening test positivity rates. LTFU rates were
sourced from the literature but showed high variation. The pro-
portion of second-line testing conducted using ELF versus VCTE
for each country was obtained from the literature and expert opin-
ion. All inputs were validated by experts from each country.

3.6 | Prevalence

T1D and T2D prevalence data were sourced from the GBD study
2021 or IDF Diabetes Atlas, 11th edition. GBD provided prev-
alence estimates for the years 2017-2021, which were used to
generate linear trend projections for 2026 to 2030 (inclusive).
IDF provided data for 2021, 2024 and 2030, which were also
used to construct linear trend projections for 2026 to 2030 (in-
clusive) [1, 38].

GBD reported prevalence in absolute numbers, while IDF re-
ported it in thousands. IDF values were therefore multiplied by
1000 to obtain absolute numbers.
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FIGURE 3 | Proposed two-tiered MASLD and MASH screening strategy among people living with diabetes and the risk stratification and diag-
nosis thresholds. ELF, Enhanced Liver Fibrosis; FIB-4, Fibrosis-4; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic
dysfunction-associated steatotic liver disease; VCTE, vibration-controlled transient elastography. *The FIB-4 index has a lower sensitivity among peo-

ple < 35yearsand a lower specificity the higher the age, particularly among those > 65years,leading to potential false positives. Some studies suggest

adjusting the threshold to 2.0 for people > 65years, but these adjustments are not universally agreed upon. **The intermediate FIB-4 range is 1.3-2.67 in
the general population (< 65 years); in older people (> 65 years) the lower cut-off is often 2.0, and in older adults and T2D accuracy is reduced.

IDF reported combined T1D and T2D data for the
20-79-year-old age group. GBD reported T1D and T2D using
the categorical age groups <20, <70, 70-74 and 75-79; these
were aggregated into one 20-79-year-old group for compara-
bility. Methodological details for both data sources have been
described elsewhere [1, 38].

3.7 | Cost Data

Direct cost data were sourced from country-specific fee sched-
ules or relevant literature and validated by an expert panel. For
FIB-4, costs included the laboratory sample collection and anal-
ysis for platelet count, aspartate aminotransferase (AST) and ala-
nine transaminase (ALT). ELF testing costs were available for all
countries but Brazil, where US costs were used as a proxy. VCTE
costs were available for all countries. The cost of a physician visit
was also included. For all countries, except the KSA, annual cost
inflation was applied according to each country’s monetary au-
thority target rate. Since the KSA does not publish a specific in-
flation target, and the Saudi riyal (SAR) is pegged to the US dollar
($), the US target inflation rate was applied (Table S2).

3.8 | Role of the Funding Source
This study was funded by Boehringer Ingelheim, Echosens and

Novo Nordisk. The funders had no role in the study design, the data
collection, analysis or interpretation or writing of the manuscript.

4 | Results

We computed two sets of results, using GBD and IDF preva-
lence estimates, presented jointly in Tables 1-3. The estimated

diabetes prevalence showed an upward trend in all cases except
for Japan, where IDF data-based projections indicated a slight
downward trend. For Brazil, the KSA and Spain, GBD-based
prevalence estimates were lower than those from IDF, whereas
the opposite pattern was observed for Germany, Japan and the
United States (Table 1).

4.1 | Direct Healthcare Costs for Strategy 1:
Once-Only Screening

The total costs for Strategy 1 (once-only screening), based on
GBD and IDF estimates respectively and assuming a 10% LTFU,
were as follows: in Brazil, R$922 million (Brazilian reais) (range:
R$738-1107 million; people screened: 16.9 million in tier 1 and
6.1 million in tier 2) and R$1.045 billion (range: R$0.8-1.3 billion;
people screened: 19.2 million in tier 1 and 6.9 million in tier 2);
in Germany, €514 million (euros) (range: €411-617 million; people
screened: 7.8 million in tier 1 and 2.8 million in tier 2) and €433
million (range: €346-519 million; people screened: 6.6 million in
tier 1 and 2.4 million in tier 2); in Japan, ¥143 billion (Japanese yen)
(range: ¥115-172 billion; people screened: 15 million in tier 1 and
5.5 million in tier 2) and ¥100 billion (range: ¥80-119 billion; peo-
ple screened: 10.5 million in tier 1 and 3.8 million in tier 2); in the
KSA, SAR 4.6 billion (range: SAR 3.7-5.6 billion; people screened:
5.3 million in tier 1 and 1.9 million in tier 2) and SAR 5.0 billion
(range: SAR 4.0-6.0 billion; people screened: 5.8 million in tier 1
and 2.1 million in tier 2); in Spain, €739 million (range: €591-887
million; people screened: 5.1 million in tier 1 and 1.8 million in tier
2) and €791 million (range: €633-949 million; people screened: 5.4
million in tier 1 and 2.0 million in tier 2); and in the US, $5.1 billion
(range: $4.1-15.2 billion; people screened: 55 million in tier 1 and
19.7 million in tier 2) and $3.3 billion (range: $2.7-10.0 billion; peo-
ple screened: 36 million in tier 1 and 13.0 million in tier 2). With a
20% LTFU, these costs were lower (Table 2).
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TABLE1 | Estimated T1D and T2D prevalence for 2026-2030, among those aged 20-79years, based on GBD and IDF data.
2026 2027 2028 2029 2030
Brazil
GBD estimates 1510409 9.66% 15561531 9.87% 16012654 10.08% 16463776 10.30% 16914898 10.52%
IDF estimates 17587431 11.24% 17981829 11.40% 18376226 11.57% 18770624 11.74% 19165021 11.92%
Germany
GBD estimates 6916552 10.01% 7134499 10.31% 7352445 10.60% 7570392 10.90% 7788339 11.20%
IDF estimates 6432910 9.31% 6464186  9.34% 6495462  9.37% 6526738  9.40% 6558014  9.43%
Japan
GBD estimates 13646994 15.12% 14018276 15.67% 14389559 16.23% 14760841 16.80% 15132123 17.38%
IDF estimates 10721114 11.88% 10671829 11.93% 10622543 11.98% 10573257 12.03% 10523971 12.09%
Kingdom of Saudi Arabia
GBD estimates 4443277 18.33% 4660574 18.85% 4877870 19.35% 5095167 19.84% 5312464 20.34%
IDF estimates 5219281 21.53% 5355329 21.66% 5491376 21.78% 5627424 21.92% 5763471 22.07%
Spain
GBD estimates 4793948 13.02% 4866740 13.08% 4939531 13.16% 5012323 13.24% 5085114 13.32%
IDF estimates 5189038 14.09% 5252243 14.12% 5315448 14.16% 5378652 14.20% 5441857 14.26%
United States
GBD estimates 48541013 19.31% 50049088 19.83% 51557162 20.34% 53065237 20.85% 54573311 21.35%
IDF estimates 35320879 14.05% 35472757 14.06% 35624636 14.06% 35776514 14.06% 35928393 14.06%

Abbreviations: GBD, Global Burden of Disease; IDF, International Diabetes Federation; T1D, type 1 diabetes; T2D, type 2 diabetes. GBD projections were done from
the year 2017 to the year 2030. IDF projections were done from the year 2021 to the year 2030.

4.2 | Direct Healthcare Costs for Strategy 2:
Biennial Screening

The total costs for Strategy 2 (biennial screening), based
on GBD and IDF estimates respectively and assuming a
10% LTFU, were as follows: in Brazil, R$1.5 billion (range:
R$1.2-1.8 billion; people screened: 26.0 million in tier 1 and
9.2 million in tier 2) and R$1.7 billion (range: R$1.4-2.0 bil-
lion; people screened: 29.0 million in tier 1 and 10.4 million
in tier 2); in Germany, €783 million (range: €627-940 million;
people screened: 11.8 million in tier 1 and 4.2 million in tier 2)
and €660 million (range: €528-792 million; people screened:
9.9 million in tier 1 and 3.6 million in tier 2); in Japan, ¥218
billion (range: ¥175-262 billion; people screened: 23.0 mil-
lion in tier 1 and 8.2 million in tier 2) and ¥152 billion (range:
¥121-182 billion; people screened: 16.0 million in tier 1 and
5.7 million in tier 2); in the KSA, SAR 7.1 billion (range: SAR
5.7-8.5 billion; people screened: 8.0 million in tier 1 and 2.9
million in tier 2) and SAR 7.7 billion (range: SAR 6.1-9.2 bil-
lion; people screened: 8.7 million in tier 1 and 3.1 million in
tier 2); in Spain, €1.1 billion (range: €0.9-1.4 billion; people
screened: 7.7 million in tier 1 and 2.8 million in tier 2) and €1.2
billion (range: €1.0-1.4 billion; people screened: 8.2 million
in tier 1 and 3.0 million in tier 2); and in the United States,
$7.7 billion (range: $6.2-23.2 billion; people screened: 83.0
million in tier 1 and 30.0 million in tier 2) and $5.1 billion
(range: $4.1-15.3 billion; people screened: 54.4 million in tier
1 and 20.0 million in tier 2). With a 20% LTFU these costs were

lower for all countries except the KSA, since the cost of first-
line screening in this country is high enough that the required
FIB-4 retesting of people LTFU leads to higher costs as LTFU
rates increased (Table 3).

5 | Discussion

This study estimated the direct healthcare costs of screening
for MASLD and MASH among individuals living with diabetes
in six countries, employing two alternative strategies. Findings
demonstrated that costs varied by country due to differences
in cost inputs, population sizes and diabetes prevalence esti-
mates, as well as across countries due to the different testing
methods employed and estimates used. As expected, the second
strategy studied incurred higher costs, as it included retesting
those who initially tested negative or were LTFU, 2 years later.
Given that MASLD can progress silently and that individuals
with diabetes, especially T2D, are at higher risk of fibrosis pro-
gression, periodic retesting, as in Strategy 2, better reflects the
clinical need for long-term monitoring [6, 24, 43]. Although the
screening strategies proposed in this study have been demon-
strated to be cost-effective [22], some experts still recommend
annual retesting for people with two or more cardiometabolic
risk factors [24].

Screening for MASLD and MASH could be integrated into
existing care pathways for people living with diabetes, much
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Cost factor +20% Baseline cost Cost factor —20% Cost factor +20%

Cost factor —20%

Baseline cost

High LTFU

Baseline LTFU

20%

10%

Country

2672394143.35 10021478037.58 3262666373.31 2610133098.65 9787999119.94

3340492679.19

Overall total costs (in I$)

35928393

Prevalence of TID+T2D in year 2030

35928393

People screened in tier 1

11497086

12934221

People screened in tier 2

Abbreviations: GBD, Global Burden of Disease; I$, international dollar; IDF, International Diabetes Federation, LTFU, lost to follow-up; T1D, type 1 diabetes; T2D, type 2 diabetes.

like screening for other diabetes-related complications such
as peripheral neuropathy or diabetic retinopathy, which are
already well established and cost-effective. Embedding liver
screening into diabetes care could leverage peoples’ routine
healthcare interactions and shift care towards a more holistic
model, rather than a single-disease focus [44]. This approach
was proven to be feasible in a Swedish cross-sectional study,
which embedded MASLD screening into retinopathy screen-
ing and achieved a high uptake, with 77.2% of eligible partic-
ipants completing the MASLD screening [45]. Additionally, a
cost-utility analysis from the United Kingdom demonstrated
that applying a two-tiered FIB-4/ELF or FIB-4/VCTE algo-
rithm, as modelled here, effectively reduced unnecessary
hepatology referrals by 33.7% and 40.6%, respectively [46]. As
several factors can influence the cost of a screening strategy, it
is important to clearly define the screening pathway and iden-
tify all of the resources involved.

The availability of resources to screen eligible populations is
also a critical determinant that must be considered. In Brazil, for
instance, the ELF test is not currently available but was incorpo-
rated into the model from 2028 onwards, anticipating that this
or a similar blood-based biomarker test will be widely available
in the country by then. Additionally, the screening setting must
be carefully considered. In low-prevalence populations, diag-
nostic yield is lower and the positive predictive value decreases,
leading to more false positives, higher human resource use and
increased costs [40]. In this study, however, screening was tar-
geted to people living with diabetes—a higher-risk population—
where the diagnostic yield is expected to be higher. Although the
potential for overdiagnosis could lead to more follow-up investi-
gations and treatments—and thus to an underestimation of real-
world expenditures in our study—other factors should also be
considered, including the future incorporation of new technolo-
gies and diagnostic pathways (e.g., intelligent liver function test-
ing) [47] and the variability of LTFU in real-world settings [48].

As mentioned, the LTFU population is another key aspect to
consider when implementing screening strategies and con-
sidering retention strategies, such as peer support and digital
applications, could make screening efforts more effective and
efficient, as first-line retesting rates would decrease. In this
study, we assumed two different LTFU percentages (10% and
20%). However, as the reported LTFU variation in the literature
was large [48] there may be different levels, depending on the
population and setting. Certain subgroups—such as those with
limited health literacy or from lower socioeconomic means—
may be disproportionately LTFU or excluded from follow-up
pathways, highlighting the need for equity-focused strategies
within universal screening programmes to avoid exacerbating
existing health disparities, as shown in studies of diabetes care
access in rural settings [49, 50]. Policymakers may also choose to
begin screening within the T2D population, given that MASLD
prevalence in this group is estimated to be twice as high as the
general population [5], making it an ‘indicator condition’ for
MASLD testing. However, real-world evidence remains limited,
underscoring the need for further evaluation of the impact of
such screening approaches in practice.

This study has several limitations. First, total screening costs
may be overestimated as individuals already engaged in care
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for liver-related conditions were not excluded from the target
population. Second, the cost analysis was limited only to direct
healthcare costs based on public reimbursement rates, which
may not reflect actual expenditures. In the US, costs were es-
timated using Medicare fee schedules, which likely underesti-
mates costs across private healthcare systems. Similarly, fee
schedule-based estimates in the other countries studied may not
reflect private sector variations. Moreover, non-direct medical
costs (e.g., administrative, consumable or infrastructure ones)
were not included, as the analyses assumed that these resources
were already available. This assumption may not always hold
true and could lead to underestimating the total costs of screen-
ing. For instance, in Japan, annual health check-ups funded by
employers are legally mandated for all workers and include liver
function tests but not platelet counts [51], which are required for
calculating the FIB-4 index. Adding platelet counts to these rou-
tine health check-ups would enable their utilisation as a primary
screening tool for liver fibrosis.

Few cost studies that estimate the budget impact of MASLD
and MASH screening strategies across multiple countries have
been published, especially using a forward-looking approach
when considering potential cost variations across different strat-
egies. This study contributes by providing cost estimates for six
countries spanning three continents and four WHO regions.
However, additional studies need to be carried out in more coun-
tries, which use more granular data inputs, taking into account,
for example, regional cost variations within countries like
Germany and Spain, which have decentralised health systems.

A notable strength of this study is the inclusion of individuals
living with T1D, not just T2D, in MASLD and MASH screening
cost estimates, an approach not commonly taken in prior anal-
yses. This broader scope aligns with the 2025 ADA consensus
report, which recommends including people living with T1D,
particularly those with comorbidities such as overweight or obe-
sity, in screening strategies [27]. While this increases projected
costs, despite people living with T1D representing a smaller por-
tion of the diabetes population, the study does not specifically
target individuals living with T1D who, in addition to their con-
dition, also have comorbidities such as overweight or obesity, as
recommended by the ADA [27].

Future studies should also analyse how many new cases of fi-
brosis would be identified in each of the strategies and, like-
wise, which treatments would likely be prescribed and their
cost. Additionally, calculations could be made as to the number
of major adverse cardiologic or liver events that could be pre-
vented via these approaches [52, 53]. Given the natural history
and high global prevalence of MASLD, along with its substan-
tial risk of progression to liver fibrosis in those living with dia-
betes, screening should be integrated into broader NCD action
plans, particularly within diabetes strategies. It should also be
prioritised within policies such as the WHO ‘best buys’, which
are cost-effective policy options for five highly prevalent NCDs
[54, 55], as well within the new ‘quick buys’ framework [35] and
the UN General Assembly political declarations.

In conclusion, this study offers valuable, time-bound cost esti-
mates to help policymakers and healthcare managers integrate

MASLD and MASH screening strategies into national health
budgets, inform economic planning and raise awareness of the
growing burden of this neglected, high prevalence NCD.
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