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Summary
Metabolic dysfunction-associated steatohepatitis (MASH) is an increasingly important contributor to morbidity and mortality. Little emphasis has been placed on its timely diagnosis and interventions to prevent adverse disease outcomes. The principal determinant of MASH outcomes is the liver fibrosis stage. The prevalence of MASH is higher among people living with obesity and/or type 2 diabetes, with MASH with moderate to advanced fibrosis affecting one in six adults. Delivering a paradigm shift in MASH diagnosis in the four countries studied will require an expansion of community-based diagnostic capability that will also foster prevention efforts and provide opportunities for treatment and care.



Introduction
[bookmark: _Hlk183363212]An estimated 32·4% (29·9-34·9) of adults globally have metabolic dysfunction-associated steatotic liver disease (MASLD, formerly NAFLD),1 with regional prevalence ranging from 32·6% (24·5%-40·6%) in Europe to 44·8% (25·9%-99·7%) in North America.2 The prevalence of metabolic dysfunction-associated steatohepatitis (MASH, formerly NASH),1 the more aggressive form of MASLD, is commonly reported as 5%.3 However, there are large variations in the contextualisation of the epidemiological data along with geographic and patient-specific factors. The disease exists across a spectrum of fibrosis severity, commonly classified across 5 stages from F0 (no fibrosis) to F4 (cirrhosis).4 Fibrosis stage is the most important prognostic marker for people living with MASLD.5 Fibrosis stage ≥F2 is commonly referred to as ‘moderate fibrosis’, and F3 as ‘advanced fibrosis’, while MASH combined with F2 or greater is known as ‘at-risk MASH’. ‘At-risk' MASH is a term of reference to describes those with MASLD and the risk of fibrosis, and is more comprehensively covered in the EASL-EASD-EASO clinical practice guideline from 2024.6

Hepatic steatosis shares a complex bidirectional relationship with components of the metabolic syndrome and is strongly, but not exclusively, associated with obesity and insulin resistance.7,8 MASH with fibrosis F2 and greater is much more prevalent in adults living with type 2 diabetes (T2D) than in the general adult population and is found in one in six older adults (≥50 years).9,10 The disease is associated with the risk of developing extra-hepatic diseases, including cardiovascular disease (CVD)–the leading cause of death in people living with MASLD,11 T2D, chronic kidney disease, and extra-hepatic cancer,12–14 with the risk proportional to the severity of MASLD.14 The burden of hepatic and non-hepatic morbidity and mortality related to MASH is large and growing,15,16 presenting a major challenge for health systems.17 An important aspect of care is the wider awareness of the condition and co-ordinated metabolic risk optimisation in patients with MASLD across the continuum of metabolic-dysfunction.18 The development of cross-specialism multi-disciplinary teams and integrated clinical pathways to optimise these conditions are a great unmet need. Additionally, non-pharmacological interventions (NPIs) are the cornerstone of improved health outcomes and should be centrally positioned alongside targeted pharmacological approaches, particularly as liver-specific and pleiotropic treatments become available.19 

Despite the scale of the challenge, the disease is underdiagnosed in both the general population and in specialist care settings including cardiology, endocrinology (diabetology specifically), and metabolic medicine.20 The largely asymptomatic nature of MASLD, including at the most advanced stages, often results in patients presenting with decompensated cirrhosis, or, with advanced hepatocellular carcinoma,21 and the burden of MASH-associated primary liver cancer has been increasing over the past 20 years.22 Each late-stage diagnosis represents a missed opportunity for earlier intervention to prevent progression, threatening worse hepatic and extra-hepatic outcomes for people living with MASH and greater costs for individuals, health systems, payers, and societies.23–25

In 2023, a global collaboration of over 300 experts and practitioners26 called for the development of clear guidance on care pathways that promote the timely referral of people living with MASLD and MASH and to work across disciplines to establish the most efficient and effective means of identifying people at risk. Some, but not all clinical guidelines include pathways and algorithms for identifying advanced disease in non-hepatology settings,6 yet the operational readiness to implement these is low in many countries. Challenges include how to absorb the intensifying need for diagnostics along with treatment and care and overcoming the limited capacity for task-shifting diagnostic performance outside of hepatology clinics. In addition, there is a low perceived readiness for most health systems to rapidly integrate and implement new diagnostics.27

There is, however, cause for optimism. Advances in non-invasive diagnostic capabilities can facilitate a shift from specialist-only diagnosis (e.g. liver biopsy) to generalist diagnosis (e.g. non-invasive tests at the primary care level). Artificial intelligence-supported automation for liver function screening, often from pre-existing data within electronic health records,28,29 offers the near-term possibility of heightened productivity and task-shifting. Alongside these diagnostic advances to improve case finding is an ever-growing toolkit for treatment and care, including the first pharmacological treatment for MASH (resmetirom), approved by the US Food and Drug Administration (FDA) in March 2024,30 and the expectance of  approval in 2025 of semaglutide based on the recent phase 3 ESSENCE trial31 with more treatments becoming available in the next 1-3 years.32,33 There is some evidence, for example, of histological benefits in MASH from four  classes of pharmacological treatments (some for obesity and/or T2D): peroxisome proliferator-activated receptor agonists,34 glucagon-like peptide-1 receptor (GLP-1R) agonists,35 dual GIP-GLP-1R  agonists,36 and increasing interest in triple agonists37,38  though none are currently approved as MASH specific treatments. These landmark moments in MASLD and MASH treatments may create an upstream benefit in catalysing expanded diagnostics, hopefully improving outcomes for millions living with the disease. 

In this paper, we outline a realistic near-term strategic approach to deliver a paradigm shift in MASH diagnosis before 2030, a date chosen to align with the United Nations’ Sustainable Development Goals,39 in particular efforts to ensure healthy lives and promote well-being for all at all ages. 

The MASLD and MASH diagnosis dilemma–who, what, and where 
MASLD regression is most feasible at the earliest stages of fibrosis (i.e. F0-1), in some instances exclusively with non-pharmaceutical interventions,40 so a strong case can be made for diagnosing MASLD at the earliest opportunity. In the short term, capacity and reimbursement constraints within health systems have led to a more targeted approach focused on identifying those who are at greatest risk of nearer-term adverse outcomes and so likely to experience improved quality of life and reduced risk of premature mortality following a diagnosis and linkage to care. 

This raises three critical questions: Who are the highest priority group to identify? What is the most cost-effective means of identifying them? And where are the opportunities to identify this group within the health system? 

Who are the highest priority group to identify and refer to specialist care?
People living with MASH (either presumed based on non-invasive tests (NITs) or confirmed by liver biopsy) who also have moderate fibrosis (≥F2) (i.e. people with at-risk MASH) are a particular interest group for hepatologists and gastroenterologists, with care focused on preventing fibrosis progression to cirrhosis and hepatocellular carcinoma (HCC). The incidence of HCC in those with MASLD without cirrhosis may be as high as 35%,41 and therefore efforts to minimise the development of fibrogenesis is again pivotal in mitigating against this. Current evidence, and guidance from international societies, does not advocate for hepatoma surveillance programmes; however, in the future, novel approaches using risk stratification based on NITs may be implemented. Further research is needed to establish criteria for HCC surveillance based on liver stiffness a measurement (LSM) and other clinical criteria. As the numbers of these subjects is so great, magnetic resonance elastography, or traditional histological approaches, will not be feasible for this purpose.

Pharmacological trials have and continue to focus on this group of “at-risk” MASLD, with resmetirom, the first MASH-specific drug approved by the US FDA, indicated for use in people living with MASH (with no liver biopsy required) and fibrosis stage 2 or 3,42 however, there appears to be somewhat limited utility from the published data within the MAESTRO-NASH trial.19

While people living with at-risk MASH represent a small proportion of the overall population living with MASLD, in absolute terms it is a large cohort of people who would benefit from being linked to care with a hepatologist or gastroenterologist.3

The lack of specific symptoms arising from the disease, even in the more advanced stages necessitates a risk-based approach to population enhancement and positive case-identification. Obesity, pre-diabetes, and T2D are all independent risk factors for MASH.43

Our recommendation is to focus screening and active case finding efforts on people living with any of the following: 1) T2D; 2) obesity and one or more cardiometabolic risk factor(s) (e.g. dyslipidaemia, hypertension, and pre-diabetes); and 3) persistently elevated liver enzymes (over a period longer than six months, when tested more than four weeks apart). This is a pragmatic and strategic choice, with well-defined groups at elevated risk of MASH and advanced fibrosis44 and in accordance with multidisciplinary European guidelines.6

What is the most cost-effective approach to identify people with MASH and advanced fibrosis? 
The advent of NITs has allowed clinical practice to largely move beyond the biopsy, which is a costly and invasive procedure that carries a degree of risk. NITs are separated into two broad categories: 1) biomarkers in serum samples; and 2) liver stiffness measurements using ultrasound–or magnetic resonance–based elastography techniques.45 A range of NITs are used in clinical practice, from non-proprietary calculated indices (e.g. FIB-4) to proprietary serum-based and elastography-based tests. The availability of different NITs varies widely across healthcare settings.

The practical application of NITs involves setting pre-determined cut-offs related to the risk of moderate or advanced liver fibrosis. A low cut-off improves the sensitivity and results in a high negative predictive value. When used in the general population (i.e. a low prevalence cohort) clinicians can rule out advanced fibrosis when a result falls below the cut-off. Conversely, a high cut-off improves the specificity and positive predictive value and ability to rule in advanced fibrosis.46,47 While current NITs are not as accurate for detecting F2 as they are for F3, they are still reliable enough for use in routine clinical care. Clinicians often repeat the same test over time or use different NITs sequentially (stepwise), balancing cost and availability; both approaches are expected to increase diagnostic performance. The performance of individual tests also varies in different population groups; perhaps most importantly in people living with T2D, where overall performance is often poorer than in individuals without T2D.48 

The cost-effectiveness of screening and active case finding approaches has been hotly debated. The models are influenced by the inclusion of extrahepatic outcomes, which generally occur prior to hepatic outcomes and can be costly.49–51 A 2024 cost-effectiveness study on screening for clinically suspected MASLD in people living with T2D and obesity with multiple cardiometabolic risk factors, found favourable incremental cost-effectiveness ratios.51

Critically, as both pharmacological–liver-directed and weight loss-directed–and non-pharmacological approaches become more efficacious and available, the cost-effectiveness of active case finding may become substantially more favourable,52 including early-stage diagnosis to promote prevention of disease progression. 

Where are the opportunities to identify people living with MASH and advanced fibrosis within the health system?
People with T2D alone or cardiometabolic multimorbidity have a high number of healthcare contacts annually in both primary and secondary care (e.g. endocrinologists/diabetologists).53 Each healthcare contact represents a potential opportunity to assess for at-risk MASH in people living with obesity and pre-diabetes or diabetes. The incidental findings of hepatic steatosis, for example by radiologists when imaging for other conditions, also presents an opportunity and pathways should be in place to enable fibrosis risk assessment following such a finding. Today, most of these opportunities are overlooked (Figure 1).

Most of these healthcare visits occur outside of specialised liver clinics, necessitating a broad expansion of testing in other areas of the health system. Capacity constraints amongst hepatologists and gastroenterologists preclude the option of first-line tests, or many second-line tests, being undertaken exclusively in hepatology and gastroenterology settings. While endocrinology, cardiology, and primary care experience similar resource constraints, the pre-existing healthcare contacts in these clinical settings, including many who undergo blood or imaging tests, make these visits amenable to first-tier assessment of liver fibrosis. We suggest such integration will be more efficient, cost-effective, and person-centric by minimising the additional burden on individuals. The barriers to shifting diagnostics beyond hepatology and gastroenterology should not be underestimated, and it will take a broad expansion of the MASLD community of practice, but this represents an essential shift to address the current challenges of under- and late-diagnosis of this disease, and the delivery of multidisciplinary care models.54

Expanding the MASLD community of practice is both a visionary and practical endeavour. Amongst healthcare professionals, this is driven by an understanding of who needs to be engaged, what the benefit of engaging is for their patients and what is being asked of them (e.g. deliver diagnostic tests, make referrals for testing). At least initially the target should be primary care doctors, endocrinologists/diabetologists, cardiologists, and obesity specialists, along with allied health professionals who work across these disciplines. Of equal importance is engagement with people living with MASLD and patient advocates as a powerful voice in calling for equitable access to diagnostics, treatment, and care and in creating demand for diagnostic testing. This will include groups focused on diabetes, obesity, heart disease, cancer, and NCDs more generally.

Translating the promise of innovation at scale
Increasing MASH diagnoses will rely on innovation across a range of areas, from technological advances in diagnostic hardware and software to AI supported task-shifting and innovation in care models.

[bookmark: _Hlk192875157]In the next three years, leveraging existing technologies, we can feasibly advocate for incorporation of FIB-4 and care pathways into electronic medical records and automation of FIB-4 and other serum based fibrosis tests55–such as the Enhanced Liver Fibrosis test (ELF), which has FDA marketing authorisation for prognostication of disease progression, but which at present, is not widely available or used–within routine clinical laboratory results for target individuals. In the UK, it is recommended as the first biomarker test of choice in the 2016 NICE NAFLD Guideline, although its use is restricted to certain centres that have approved funding for this specific test for use in primary and secondary healthcare. As a serum-based biomarker, there is a clear advantage to developing implementation of ELF using reflex testing, following a positive or indeterminate index test, e.g. FIB-4. The development of simple guidance for primary care providers will be key to deliver at pace and scale.  In some health systems this drive needs to be supported by patient group advocacy and reimbursement incentives for active case finding of at-risk MASH, with the goal of making the assessment as routine as is currently observed for assessment of cardiovascular risk, blood pressure, glycated haemoglobin or cholesterol. 

Some relatively simple actions can also be taken now. In addition to broad implementation of screening based on current MASLD guidelines of FIB-4 +/- VCTE-LSM,6 several clinical guidance documents suggest levels for liver enzymes above which further investigation is required, including the American Association of Clinical Endocrinology (aminotransferase levels >30 U/L)56 and the American College of Gastroenterology (ALT >33 IU/L for males and >25 IU/L for females),57 yet many laboratories use cut offs of 40-45 U/L or higher, especially where some outdated analytical techniques are employed, while the International Federation of Clinical Chemistry recommend threshold for 42U/L for males, 30U/L for females using modern techniques.58 Important first steps would include lowering the ‘normal’ laboratory values for liver enzymes to be in line with clinical practice guideline recommendations and linking identified individuals to receive a confirmatory test. Equally, introducing a quality measure into the diabetes care package and disease management plans for obesity care, such as an annual liver fibrosis assessment, would be a notable advance for the field. 

Within three years, the availability of "second-line testing" (e.g. liver elastography or blood-based tests) should be widely expanded to facilitate referral pathways from primary care more efficiently, but the success of this will also depend on diagnostic tools being accessible and affordable, including through adequate reimbursement policies. Existing diagnostic pathways published in clinical practice guidelines should be used according to the country and available resources, acknowledging that they may perform variably across different population groups.
	
In the next 3 to 5 years, the field should position itself for technology-based step changes. Although guidelines advocate for unified approaches, there is no definitive consensus on how to deliver this paradigm change. Advances in AI that are already supporting liver function test task-shifting in some contexts are likely to expand to other geographic regions,59 with machine learning also enhancing productivity and predictive accuracy.60 Innovations in diagnostics will facilitate quicker, more accurate and easier-to-use tools. Alongside this, a growing treatment toolkit will drive greater demand for MASH diagnosis amongst people living with the disease, which should lead to a broadening of testing within and across healthcare settings. This shift should also facilitate much earlier diagnosis allowing for a greater focus on prevention through the full spectrum of MASLD (including individuals without fibrosis)–such “preventive hepatology” that would represent a second stage of the paradigm shift in MASLD diagnosis, treatment, and care and simultaneously contribute to better metabolic health overall (Box 1). 

In search of a paradigm shift to bridge the MASH diagnosis gap
Paradigm shifts do not occur in a vacuum, but arise when leaps in science, technology, and innovation are coupled with changes in perception and understanding within a community. How close are we to a paradigm shift in MASH diagnoses and what are the potential catalysts, levers, and barriers to such a shift being realised?

History provides us with a useful perspective. The management of other diseases and conditions, which as with MASH have a high prevalence and long natural history and cause substantial burden of morbidity and mortality, have been revolutionised over the past two decades. Routine, early screening for microalbuminuria in chronic kidney disease, dilated eye exams for retinopathy, and bone mineral density for osteoporotic fractures has revolutionised the management of diabetes-related eye or kidney disease and osteoporosis, respectively.61

Table 1 characterises the MASH diagnosis paradigm prior to 2024 and the opportunities for shifting the paradigm from 2024 across seven related domains. A confluence of factors in 2024 and expected drug approvals in many European countries in 2025 points to a near term tipping point for MASH diagnoses, but also the need for focused and sustained efforts to turn the opportunities into reality. 

Conclusion
The field of hepatology has seen great advances over the past two decades in understanding the natural history of MASLD and, more recently, in diagnosing, categorising, and treating the disease. In parallel to improved understanding of the basic science and the disease's natural history, research and development has driven a shift from liver biopsy to NITs and led to the first approval of a MASH-specific pharmacological treatment. The next years should be characterised by concerted multistakeholder efforts encompassing an expansion of the community of practice, enhancement of health systems operational readiness and rapidly expanding diagnosis to provide treatment and care for the hundreds of millions of people with MASLD globally, making a special effort for those living with at-risk MASH. We have the knowledge, tools, and opportunity to end this public health threat by 2030.

	Search strategy and selection criteria
References for this article were identified through PubMed, Google Scholar, and Internet searches, with no time restriction. The articles, guidelines, reports, and policies found in English were screened for inclusion of liver health, and specifically metabolic dysfunction-associated steatotic liver disease (MASLD). Relevant documents were reviewed to identify the strategies, approaches, diagnostic tools, and pathways employed in at-risk populations for MASLD and metabolic dysfunction-associated steatohepatitis, including people living with common comorbidities. The final reference list was generated on the basis of originality and relevance to the broad scope of this article.
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Figure legends

Figure 1: The current and target pathways to a MASH diagnosis.
Abbreviations: MASH, metabolic dysfunction-associated steatohepatitis.

Figure 2: Estimated diagnostic rate and F2 MASH prevalence in France, Germany, UK, and the USA in 2021.

Figure 3: Cumulative diagnoses and diagnostic rate 2022-2027 in France, Germany, the UK, and the USA, if major efforts are made to expand testing and broaden to non-hepatology/gastroenterology settings.

Box 1: Doubling the diagnosis rate of at-risk MASH by 2027–an achievable aspiration or a bridge too far?
	In the absence of globally agreed targets for addressing the burden of metabolic dysfunction-associated steatotic liver disease (MASLD), such as those that could be provided by the World Health Organization, as an interim goal we considered how feasible it would be to double the at-risk metabolic dysfunction-associated steatohepatitis (MASH) diagnosis rate (i.e. MASH with F2 or F3) within 5 years. The doubling target was chosen as a major yet realistic initial step towards a meaningful increase that gets us closer to the expected prevalence. For this purpose, we estimated the testing requirements to double the diagnosis rate of at-risk MASH between 2022 and 2027 in France, Germany, the UK, and the USA. The prevalence of ≥F2 MASH in the general population and diagnostic rates as of 2021 (Figure 2) were estimated based on the triangulation of published62–64 and unpublished data. The diagnostic rate was defined as the cumulative proportion of all MASH patients diagnosed with at-risk MASH at the end of a given year. Hypothetical diagnosis pathways were developed covering identification (i.e. abnormal liver enzymes), screening (e.g. with FIB-4 or NAFLD-Fibrosis Score) and confirmatory diagnosis (e.g. with vibration controlled transient elastography using Enhanced Liver Fibrosis or liver biopsy). For each stage in the pathway, a weighted average sensitivity and specificity was used depending on the proportion of different diagnostic tests. The pathways covered five healthcare settings: 1) primary care, 2) endocrinologist/diabetologist office, 3) endocrinologist/diabetologist hospital, 4) hepatology/gastroenterology office, and 5) hepatology/gastroenterology hospital, and four risk groups: a) symptom-led presentation, b) obesity, c) type 2 diabetes (T2D), and d) cardiovascular disease (CVD). Accounting for annual growth in the prevalence of F2 MASH and population growth, the number of tests required to double the diagnosis rate between 2022 and 2027 was estimated. Bottlenecks in provider capacity across healthcare settings were estimated and the location of testing adjusted accordingly. See the Supplementary Material for further details. Across the four countries, a doubling of the diagnostic rates of at-risk MASH between 2022-2027 is estimated to expand the number of diagnosed MASLD patients from 2·6 million to 6·1 million. Based on these estimates, the proportion of people across different risk pools will be: 54% T2D, 19% obesity, 18% CVD, and 9% symptom-led presentations. To achieve this, screening tests are estimated to grow from 2·2 million to 35·6 million and confirmatory diagnosis tests from 833,000 to 11·6 million (Figure 3). To facilitate this expansion in testing bottlenecks in provider capacity will need to be addressed. We estimate that the proportion of confirmatory diagnostic tests completed within liver specific settings will need to decrease from 95% in 2022 to 29% in 2027, with an increase from 1% to 27% in primary care setting and 4% to 34% in non-liver specialist settings over the same time.
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