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Abstract 

Steatotic liver disease (SLD), which includes metabolic dysfunction-associated steatotic liver 

disease (MASLD), metabolic dysfunction and alcohol-associated liver disease (MetALD), and 

alcohol-associated liver disease (ALD), affects up to 40% of the global population. Advanced 

fibrosis in SLD is more common in patients with type 2 diabetes (T2D) and is associated with 

a poorer prognosis. SLD is associated with other ectopic fat depositions and cardiac 

remodelling. Although MASLD is the most common chronic liver disease worldwide, evidence 

from Swedish primary care remains limited. 

The relationship between MASLD and microvascular complications of T2D remains uncertain. 

Activin A has been linked to fibrogenesis, but its value as a biomarker for advanced fibrosis is 

unclear. Although interest in SLD screening among patients with T2D is increasing, its optimal 

design and cost-effectiveness remain unresolved. 

This thesis examines the prevalence, clinical correlates, and management of MASLD, with or 

without advanced fibrosis, among patients with T2D in primary care. It also evaluates activin 

A as a biomarker for advanced fibrosis and assesses the cost-effectiveness of a screening and 

management algorithm for SLD. 

Paper I was a retrospective primary care cohort study of patients with T2D, using medical 

record review and non-invasive algorithms to assess steatosis and advanced fibrosis risk. 

Papers II and IV analysed baseline data from a prospective primary care cohort in which 

patients with T2D underwent magnetic resonance imaging/spectroscopy and transient 

elastography to assess MASLD, with or without advanced fibrosis; Paper II also included 

medical record review of microvascular complications. Paper III used follow-up data from a 

cohort of participants with biopsy-proven MASLD to assess activin A levels and PNPLA3 

I148M genotype. Paper V used a lifetime microsimulation model to evaluate the costs and 

health outcomes of a SLD screening and management algorithm in primary care for patients 

with T2D. 

In Paper I, 350 participants were included. Most had increased steatosis risk, 29–65% had 

increased risk of advanced fibrosis, and few had known steatosis. In Paper II, which included 

308 participants with T2D, MASLD was not associated with a higher overall prevalence of 

microvascular complications. In Paper III, 41 participants were included; higher activin A 

levels were associated with advanced fibrosis and the PNPLA3 I148M G/G genotype. In Paper 

IV, 59% of 308 participants had MASLD and 7% had suspected advanced fibrosis. MASLD was 

associated with obesity, ectopic fat deposition and distinct left ventricular characteristics. In 

Paper V, the ICER for screening and management compared with standard of care was EUR 

128,072/QALY overall, ranging from EUR 5,168/QALY for ALD to EUR 157,489/QALY for 

MASLD. 

In conclusion, MASLD is common among patients with T2D in Swedish primary care, although 

advanced disease appears uncommon and awareness of MASLD has historically been low. 

MASLD was not associated with an overall increase in microvascular complications, whereas 

obesity was associated with both MASLD and advanced fibrosis. Activin A showed potential as 

a biomarker for advanced fibrosis. The SLD screening and management algorithm were 

unlikely to be cost-effective overall, despite substantial variation between SLD subtypes. 
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Populärvetenskaplig sammanfattning 

Över 3 miljarder människor världen över beräknas ha fettleversjukdom. De flesta vet inte om 

det, då sjukdomen oftast inte ger några symtom. För majoriteten är den inte farlig, men hos 

vissa kan den med tiden leda till allvarlig leversjukdom med risk för skrumplever och för tidig 

död. Risken är särskilt hög hos personer som dricker för mycket alkohol, men är också ökad 

hos personer med typ 2-diabetes. 

Forskningen om fettleversjukdom har framför allt bedrivits inom specialistvården, men på 

senare år har sjukdomen fått ökad uppmärksamhet även inom primärvården. Samtidigt har 

studier från svenska vårdcentraler saknats. Eftersom patienter på vårdcentraler oftast är 

friskare än patienter som följs inom specialistvården är det osäkert om resultaten från 

specialistvården direkt kan överföras till primärvården. Fettleversjukdom vid typ 2-diabetes är 

kopplat till åderförkalkning, men sambandet med andra organskador vid typ 2-diabetes är 

ofullständigt känt. Eftersom sjukdomen är vanlig och potentiellt allvarlig har det föreslagits att 

vården aktivt ska leta efter fettleversjukdom hos patienter med typ 2-diabetes. Det är dock 

fortfarande oklart hur vården bäst ska göra detta och vad det skulle kosta. 

I avhandlingen ingår fem vetenskapliga studier. I tre av studierna deltog patienter med typ 2-

diabetes från vårdcentraler i Östergötland. Den första studien undersökte hur vårdcentralerna 

tidigare hade tagit hand om patienter med misstänkt fettleversjukdom och hur många 

patienter som hade ökad risk för sjukdomen Den andra studien undersökte hur vanlig 

fettleversjukdom var, hur många som hade tecken på allvarlig leversjukdom och hur fettet var 

fördelat i kroppen. För detta användes avancerade magnetkameraundersökningar. Den tredje 

studien undersökte om vissa organskador vid typ 2-diabetes var vanligare hos patienter som 

också hade fettleversjukdom. I en fjärde studie, från specialistvården, undersöktes om 

blodprovet activin A kan användas för att hitta patienter med allvarlig leversjukdom. Den 

femte studien undersökte hur en vårdmodell för att hitta och behandla fettleversjukdom på 

svenska vårdcentraler skulle kunna se ut. Modellen prövades sedan teoretiskt i ett 

datorprogram med simulerade patienter med typ 2-diabetes. Programmet användes för att 

beräkna vad vårdmodellen skulle kosta över tid och vilka hälsoeffekter den skulle kunna ge. 

Studierna visade att kännedomen om fettleversjukdom historiskt har varit låg på vårdcentraler 

och att många patienter hade hög risk att ha sjukdomen. Bland patienter med typ 2-diabetes 

på vårdcentraler hade 60 % fettleversjukdom, men få hade sannolik allvarlig leversjukdom. 

Patienter som förutom typ 2-diabetes också hade fetma hade ökad risk för både 

fettleversjukdom och allvarlig leversjukdom. Patienter med fettleversjukdom hade också mer 

fett kring de inre organen. Däremot sågs ingen ökad risk för vissa organskador vid typ 2-

diabetes hos patienter med fettleversjukdom. Blodprovet activin A var lovande som hjälpmedel 

för att hitta allvarlig leversjukdom, men mer forskning behövs. Vårdmodellen som prövades i 

datorprogrammet var dyr och gav små hälsoeffekter. Resultaten blev dock bättre när analysen 

avgränsades till patienter med typ 2-diabetes som också drack för mycket alkohol. 

Sammanfattningsvis visar avhandlingen att fettleversjukdom är mycket vanlig bland patienter 

med typ 2-diabetes i primärvården, men att allvarlig leversjukdom är ovanlig. Resultaten talar 

för att vården bör rikta insatserna till de patienter som har högst risk för allvarlig 

leversjukdom, snarare än att hantera alla patienter på samma sätt. 
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Introduction  

 

A brief history of steatosis 

As a physician working in a primary care centre, one manages many different types of diseases 

during a typical day. Thomas Addison was another physician with an interest in a broad 

spectrum of diseases. He worked in London during the first half of the nineteenth century. 

There, he described and made important discoveries concerning skin diseases, pernicious 

anaemia, appendicitis and pneumonia (1). He is best known as the first physician to describe 

adrenocortical insufficiency, now known as Addison’s disease (1).  

Thomas Addison was the first to describe fatty infiltration of the liver, or steatosis, in 1836 (2). 

Addison linked steatosis to alcohol and tuberculosis. As early as 1839, the first associations 

between steatosis and the development of liver fibrosis were made (3). In the mid-nineteenth 

century, researchers linked steatosis to a sedentary lifestyle and unhealthy diet (2). The 

association between steatosis and diabetes was first presented in 1938 (2). In the early 1980s, 

the terms non-alcoholic steatohepatitis (NASH) and non-alcoholic fatty liver disease (NAFLD) 

were introduced by Ludwig and Schaffner (2). 

Although steatosis had been known for more than 150 years, clinical interest remained low 

around the turn of the millennium (3). Interest in NAFLD increased in the early 2000s, when 

the condition was shown to be extremely common, closely associated with the metabolic 

syndrome, and, in some forms, associated with increased mortality (4-6). Together with the 

later emergence of major interest in treatment, this has led to an exponential increase in the 

number of published articles over the past 20 years (3, 7). 

Today, we know that steatosis is very common and can be seen in several different conditions 

(8). It has been estimated that 37.5% of the world’s population has steatosis and that the 

prevalence in Europe is even higher, at 40.3% (9). 

 

Steatotic liver disease 

In 2023, the term steatotic liver disease (SLD) was introduced as an umbrella term for fat 

accumulation in the liver. SLD is defined by the presence of steatosis on biopsy or imaging (10, 

11). As part of this nomenclature change, the terminology and diagnostic criteria for NAFLD 

and NASH were revised to metabolic dysfunction-associated steatotic liver disease (MASLD) 

and metabolic dysfunction-associated steatohepatitis (MASH). These changes were intended 

to better reflect the aetiology, reduce the risk of stigmatisation and address issues related to 

defining thresholds for alcohol consumption (11, 12). Despite the revised criteria, the new 

terms largely describe the same patient populations, and knowledge regarding NAFLD/NASH 

is considered applicable to MASLD/MASH (10, 13, 14). 
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For similar reasons, the official terminology for steatosis associated with excessive alcohol 

consumption became alcohol-associated liver disease (ALD) (the equivalent term alcohol-

related liver disease is also widely used) and alcohol-associated steatohepatitis (ASH).  

Historically, patients with both metabolic risk factors and increased alcohol intake did not fit 

into the previous classification. This gap in classification led to the introduction of the term 

metabolic dysfunction and alcohol-associated liver disease (MetALD) (Figure 1) (11). 

SLD is very common in the population, and research interest in SLD has increased 

exponentially over time. However, only a minority of patients, particularly those with MASLD, 

develop severe liver disease. This has been described as the “steatotic liver disease burden 

paradox” (15). Why is severe liver disease so uncommon, relatively speaking, when so many 

people have steatosis? In view of this paradox, it has in recent years been questioned whether 

simple steatosis itself is a disease. Patients with simple steatosis have a very low risk of 

progression, usually experience no symptoms, and treatment of simple steatosis alone does not 

appear to affect prognosis (16). This raises the question of whether simple steatosis should 

instead be regarded as a risk factor for cardiometabolic dysfunction, with focus placed on what 

truly matters for the long-term prognosis in SLD: the presence of fibrosis and alcohol 

consumption (16)? 

  

Next page (page nr 3) 

Figure 1: SLD is an umbrella term that encompasses MASLD, MetALD, ALD, other less common 

aetiologies, and cryptogenic SLD. 

Abbreviations: ALD, Alcohol-associated liver disease; MASLD, Metabolic dysfunction-associated 

steatotic liver disease; MetALD, metabolic dysfunction and alcohol-associated liver disease; SLD, 

Steatotic liver disease. 
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Metabolic dysfunction-associated steatotic liver disease  

MASLD is the most common subtype of SLD, with an estimated global prevalence of up to 38% 

(17). MASLD has become increasingly prevalent over time, with a 142.7% increase between 

1990 and 2023 and a further 42% increase projected by 2050 (17, 18). 

In addition to the existence of steatosis, MASLD is defined by the presence of at least one of 

five cardiometabolic criteria and the absence of another aetiology for steatosis (11): 

- Body mass index (BMI) ≥25 kg/m² or waist circumference >94 cm for men or >80 cm 

for women (different thresholds apply for some ethnicities) 

- Fasting glucose ≥5.6 mmol/L or 2-hour post-load glucose levels ≥7.8 mmol/L or HbA1c 

≥39 mmol/L, or known type 2 diabetes (T2D), or treatment for T2D 

- Blood pressure ≥130/85 mmHg or specific antihypertensive drug treatment 

- Plasma triglycerides ≥1.70 mmol/L or lipid-lowering treatment 

- Plasma high-density lipoprotein (HDL) cholesterol ≤1.0 mmol/L for men and ≤1.3 

mmol/L for women, or lipid-lowering treatment 

In MASLD, hepatic triglyceride accumulation results from an imbalance between lipid 

acquisition and disposal. Increased intake of dietary carbohydrates, particularly mono- and 

disaccharides, promotes hepatic de novo lipogenesis, while obesity and insulin resistance 

further contribute to steatosis. Insulin resistance reduces glucose uptake in skeletal muscle and 

increases hepatic glucose availability, thereby promoting triglyceride synthesis in the liver. It 

also increases peripheral lipolysis, leading to greater delivery of free fatty acids to the liver. 

Together, these processes increase intrahepatic triglyceride accumulation in hepatocytes (19). 

Genetic factors also contribute to steatosis by influencing hepatic triglyceride handling, 

including triglyceride export as very low-density lipoprotein (VLDL) and beta-oxidation. The 

best-established genetic risk variant is the I148M variant in the patatin-like phospholipase 

domain-containing protein 3 (PNPLA3) gene. PNPLA3 encodes an enzyme involved in hepatic 

triglyceride metabolism, and the I148M variant reduces its activity, thereby promoting 

triglyceride retention in hepatocytes. In addition to steatosis, this variant is associated with an 

increased risk of liver fibrosis and hepatocellular carcinoma (HCC) (19). The variant is 

common, being present in some form in approximately 45% of the global population (20).  

Triglyceride accumulation in hepatocytes contributes to oxidative stress, which damages the 

cells. Cellular injury leads to inflammation, and macrophages in the liver acquire a pro-

inflammatory profile that recruits additional immune cells from the bloodstream. 

Inflammatory mediators from visceral fat and altered gut microbiota, with increased 

production and uptake of endotoxins from the gut, also contribute to the inflammation. This 

condition, with the presence of steatosis and inflammation, is referred to as MASH. The 

PNPLA3 I148M gene variant has also been associated with MASH (19).  

Among patients with MASLD and simple steatosis, 15–40% progress to MASH (21). Patients 

may transition between these conditions, and 7% of patients with simple steatosis develop 

MASH annually, whereas 5% of patients with MASH resolve spontaneously (21). In a 

comparison between MASH and simple steatosis, fibrosis progresses approximately twice as 

fast in MASH as in simple steatosis (21, 22). In simple steatosis, 2–3% of patients develop 
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advanced fibrosis over a 20-year period, compared with MASH, where the corresponding 

figure is 25–30% (21).  

Prognosis in MASLD is linked to the presence and stage of liver fibrosis (23). It is the fibrosis 

stage, and not the presence of steatosis or MASH, that is associated with increased mortality 

in MASLD (24). The 5-year risk of liver-related events (LRE) increases from 0.2% in fibrosis 

stage F0–F1 to 2.0% in F2 and 9.7% in F3–F4 (advanced fibrosis) (25). Compared with F0, F4 

is associated with a 13-fold higher risk of LRE and an 11-fold higher risk of mortality (26). 

MASLD is associated with cardiovascular disease and cancer, and the most common cause of 

death in this patient group is cardiovascular (23, 27, 28). The risk of cardiovascular events is 

increased in MASLD, and the risk increases with fibrosis stage (29).  

In MASLD, weight loss of ≥5% is associated with a reduction in steatosis, 7–10% improves 

MASH, and ≥10% may lead to regression of fibrosis (30). A Mediterranean-style diet, reduced 

intake of ultra-processed food, and avoidance of sugar-sweetened beverages are recommended 

(8). Regular physical activity is recommended, and smoking and harmful use of alcohol should 

be avoided (8). However, the long-term effects of these lifestyle changes are incompletely 

known (8).  

Recently, two drugs have been approved in the USA and Europe for the treatment of MASH 

with significant fibrosis (≥F2). The first approved drug, resmetirom, is a thyroid hormone 

receptor agonist that is highly selective for the β1 subtype of the receptor, which is highly 

expressed in the liver. In MASH, the function of this receptor is impaired, leading to 

mitochondrial dysfunction and reduced β-oxidation, which is linked to increased fibrosis 

development (31). Resmetirom has shown effects both on resolution of MASH and on fibrosis 

regression (31).  

The second approved drug is semaglutide, a glucagon-like peptide-1 (GLP-1) agonist with 

effects similar to those of endogenous incretins. Semaglutide has the same indication and 

comparable treatment effects as resmetirom (8, 32). The drug reduces appetite and increases 

satiety, resulting in substantial weight loss, which reduces steatosis and fibrosis and improves 

insulin resistances (8). However, neither of these two drugs is currently subsidised or has been 

launched for this indication on the Swedish market. At present, several drugs are under 

development, and additional treatments will be introduced in the coming years (33). 

 

Alcohol-associated liver disease  

Alcohol has been used and misused by humanity for thousands of years. In writings attributed 

to Hippocrates, the father of medicine, different types of jaundice are described, including one 

resembling alcohol-related cirrhosis (34). During the Industrial Revolution, alcohol could be 

produced cheaply and in large quantities, and during this period the link between high alcohol 

consumption and liver disease became clearer (35). However, the toxicity of alcohol was long 

questioned, and until the mid-twentieth century liver disease was often attributed to 

malnutrition, which commonly coexisted with harmful alcohol use. It was not until the 1960s 

that Lieber demonstrated that alcohol is hepatotoxic, and during the 1970s ALD was defined 

as we know it today (36). 
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ALD describes a spectrum of liver disease manifestations caused by excessive or chronic 

alcohol consumption (37). The spectrum ranges from simple steatosis and ASH, through 

fibrosis development, to cirrhosis and HCC (37). Alcohol-associated hepatitis is an acute and 

severe manifestation of ALD that can occur at any stage of the underlying disease (37). The 

definition of excessive or chronic alcohol consumption is based on daily alcohol intake and the 

presence of cardiometabolic criteria. In the absence of cardiometabolic criteria, excessive 

alcohol consumption in ALD is defined as 20 g per day for women and 30 g per day for men. 

In the presence of cardiometabolic criteria, the corresponding thresholds are 50 g alcohol per 

day for women and 60 g per day for men (10). In ALD, the proportion of patients with 

cardiometabolic criteria is high (10, 27). 

In the liver, alcohol increases de novo lipogenesis, reduces beta-oxidation, increases uptake of 

free fatty acids and reduces fat export. Peripheral lipolysis is also increased, resulting in greater 

influx of fatty acids to the liver (38). Together, these mechanisms promote steatosis. During 

the breakdown of alcohol in the liver, reactive oxygen species are formed, damaging or killing 

hepatocytes, while chronic alcohol exposure reduces the liver’s capacity for regeneration (38). 

Alcohol consumption also contributes to changes in the gut microbiota and increased intestinal 

permeability, leading to increased uptake of endotoxins. The endotoxins, together with the 

direct tissue damage caused by alcohol, contribute to activation of immune cells in the liver, 

which in turn recruit additional immune cells (38). Alcohol is toxic to peripheral adipose tissue, 

and pro-inflammatory substances are formed that contribute to inflammation in the liver. 

Inflammation together with steatosis gives rise to ASH. In ALD, the PNPLA3 I148M gene 

variant has also been linked to disease progression, including an increased risks of cirrhosis 

and HCC (39, 40).  

ALD is estimated to account for approximately 6% of the SLD population, and in the general 

population 0.7–2% are estimated to be affected (37, 41-43). ALD has its highest prevalence and 

mortality in Europe, and its prevalence is increasing globally (40). Despite its relatively low 

prevalence, ALD is the most common cause of cirrhosis and liver-related mortality, and is the 

underlying aetiology in half of all liver transplantations in both Europe and the USA (40, 44). 

Among the subclasses MASLD, MetALD and ALD, ALD is associated with the highest risk of 

decompensation in cirrhosis (10). Advanced fibrosis in ALD is linked to increased mortality, 

and ASH is associated with higher mortality and greater risks of cirrhosis and HCC compared 

with simple steatosis (45-47). Alcohol consumption generally affects prognosis in SLD, and 

ALD is associated with higher mortality and a higher risk of LRE, including HCC, than MASLD 

(48-50). Despite the high risk of LRE and death, the most common cause of death in ALD is 

cancer-related (27).  

In ALD, the most important treatment is substantial reduction in alcohol consumption or 

complete abstinence (45, 46). A multidisciplinary approach is recommended (46). There is 

evidence that reduced alcohol consumption or abstinence can be achieved through brief 

interventions as well as through pharmacological options such as acamprosate, naltrexone and 

baclofen (10, 46, 51). Alcohol abstinence is associated with increased survival and a reduced 

risk of decompensation in patients with cirrhosis (52). Although treatment for alcohol use 

disorder (AUD) in ALD reduces mortality, it remains underused (51, 53). GLP-1 agonists may 

represent a possible future treatment in ALD, as studies have shown reduced alcohol 
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consumption as well as lower incidence and risk of relapse in AUD during treatment with GLP-

1 agonists (54, 55). 

 

Metabolic dysfunction and alcohol-associated liver disease  

Historically, MASLD and ALD have been regarded as two biologically and clinically distinct 

diseases (56). However, the two conditions overlap substantially. They have similar 

pathophysiology, share genetic and epigenetic factors, and show similar histological features 

(10, 54). The difference between the diseases is an arbitrarily defined threshold for alcohol 

consumption (15, 57). Determining on which side of this threshold a patient falls is challenging 

(58). There are many barriers, at the patient, health care professional and system level, to 

identifying and treating harmful use of alcohol (40). Health care professionals may be reluctant 

to ask questions about alcohol consumption or may lack the time and resources to take a proper 

history. Patients may provide inaccurate information about their consumption because of 

stigma related to alcohol use, fear of negative consequences, or recall difficulties related to 

cognitive impairment associated with prolonged alcohol use or advanced liver disease (58, 59).  

Several studies have shown that patients with chronic liver disease underreport their alcohol 

consumption when self-reported intake is compared with objective tests, and a substantial 

proportion of patients diagnosed with MASLD later develop ALD or AUD, suggesting possible 

misclassification (60-62). The proportion of patients with SLD who have liver disease linked 

to harmful use of alcohol is likely underestimated (27, 44). This has raised concerns that 

previous MASLD studies may have included patients with underreported alcohol 

consumption, potentially affecting estimates of prognosis and disease progression (27, 62, 63).  

In patients with liver disease and metabolic risk factors, alcohol use appears to have an adverse 

synergistic effect on prognosis, even at moderate levels (15, 54, 58, 64). It is common for 

patients with harmful alcohol use to have metabolic risk factors (10). To reflect the clinical 

reality that many patients have alcohol consumption in a grey zone, and that many individuals 

with harmful alcohol use also have metabolic risk factors, the term MetALD was introduced in 

2023 (11).  

MetALD is a subtype of SLD that is characterised by steatosis, at least one cardiometabolic 

criterion (the same as MASLD) and a daily alcohol consumption between 20–50 g/day for 

women and 30–60 g/day for men (10). Assessment of weekly consumption can be performed 

using questionnaires such as The Alcohol Use Disorders Identification Test –Consumption 

(AUDIT-C) in combination with a clinical interview (54). Previous drinking patterns and the 

presence of binge drinking are likely to be important for the disease course, but current 

diagnostic criteria only take daily/weekly consumption into account (27, 58). Given the 

difficulties of estimating alcohol consumption by self-report, the use of objective biomarkers 

of alcohol consumption, such as phosphatidylethanol (PEth), is recommended (54). However, 

diagnostic criteria for which levels of PEth define the different subtypes in SLD are currently 

lacking (65). There is considerable interest in PEth and other biomarkers of alcohol 

consumption, and proposals have been made regarding which thresholds should distinguish 

the different subtypes (66).  
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The proportion of patients with MetALD among SLD populations has varied in previous 

studies, from 1.7% to 19% (54, 67). The prevalence ranges from 1.7% to 4.5% in the general 

population and has been reported as 5.6% in a primary care population (54). However, when 

the limitations of self-reported alcohol consumption are considered and SLD classification is 

instead based on proposed PEth thresholds, the proportion classified as MetALD has increased 

three- to fourfold in previous studies approaching 20% of the SLD population (68, 69). 

Difficulties in defining alcohol consumption may be one reason for the varying prevalence 

estimates, and the validity of the diagnosis has been questioned (70).  

There are limited and conflicting data regarding prognosis in MetALD (71). The risk of LRE 

and all-cause mortality is higher than in MASLD, and the risks of HCC and fibrosis progression 

appear to lie between those observed in MASLD and ALD (49, 50, 54, 72). However, findings 

are inconsistent, with some studies reporting lower risks of cirrhosis and mortality in MetALD 

than in MASLD (15, 71). MetALD is associated with cardiovascular disease and cancer, and the 

most common cause of death is cardiovascular (27, 43).  

Pathophysiologically, MetALD combines features of MASLD and ALD (54). Studies of 

histological findings in MetALD are lacking (58). Genetic variants in the PNPLA3 gene also 

affect prognosis in MetALD (39). At present, there are no approved drugs specifically indicated 

for MetALD. Given its shared features with MASLD and ALD, it is plausible that treatments 

effective in these conditions may also be effective in MetALD (54).  

 

Fibrosis, cirrhosis and hepatocellular carcinoma 

Liver fibrosis is a wound-healing process in response to chronic liver injury. After transient 

injury, the necrotic or apoptotic cells are replaced by newly formed hepatocytes. With 

prolonged injury, this regenerative process becomes impaired. The hepatocytes are replaced 

by the proteins that make up the extracellular matrix, particularly various types of collagens. 

In advanced liver disease, the amount of extracellular matrix may be six times higher than in a 

healthy liver (73).  

Fibrosis extent is traditionally classified histologically on a five-point scale, from F0 to F4. F0 

corresponds to no fibrosis, F1 to mild fibrosis, F2 to moderate fibrosis, F3 to severe fibrosis 

and F4 to cirrhosis (74). Fibrosis stage ≥F2 is defined as significant fibrosis and stage ≥F3 as 

advanced fibrosis (10). In MASLD, significant fibrosis is associated with higher risks of LRE 

and all-cause mortality, and these risks become more pronounced in advanced fibrosis (26). 

In MASLD, cirrhosis is estimated to develop after approximately 20 years in patients with F2 

and after 5 years in those with F3 (75). Fibrosis is an important prognostic factor in MASLD; 

the estimated time to development of decompensated cirrhosis decreases from 33 years in F0–

F1 to 12 years in F3 and 6 years in established cirrhosis (14).  

The association between fibrosis stage and prognosis has been studied extensively in MASLD, 

but fibrosis presence and progression are associated with both LRE and mortality across the 

entire SLD spectrum (10, 45). However, biopsy-based studies investigating the association 

between fibrosis and prognosis over time in ALD and MetALD remain scarce (76). In ALD, 

advanced fibrosis is linked to increased mortality and an increased risk of decompensation (15, 
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45, 76). Significant fibrosis in ALD is associated with an increased risk of LRE compared with 

F0–F1 (77). In MetALD, biopsy studies are largely lacking, but several studies have linked non-

invasive tests (NITs) results suggestive of advanced fibrosis to a worse prognosis (50, 71, 78). 

Cirrhosis represents the end stage of fibrosis development and of most chronic liver diseases, 

including MASLD, MetALD and ALD (79). It is a histological diagnosis characterised by 

extensive remodelling of the liver architecture. Inflammation and fibrogenesis have given rise 

to long fibrous septa surrounding regenerative hepatocyte nodules (79). Clinically, cirrhosis is 

divided into compensated and decompensated phases. Compensated cirrhosis is usually 

asymptomatic and relatively stable, whereas prognosis worsens when decompensation 

develops (79). Extensive parenchymal scarring, together with vascular changes, gives rise to 

portal hypertension, which contributes to the development of symptomatic disease (79). 

Median survival is 9–12 years in compensated cirrhosis, compared with approximately 2 years 

in decompensated cirrhosis (79, 80). The most common aetiologies of cirrhosis globally are 

ALD, MASLD and chronic hepatitis B and C (79). 

Cirrhosis increases the risk of HCC, and 1–4% of patients with cirrhosis develop HCC each year 

(79). Given this increased risk, HCC surveillance twice yearly is recommended in patients with 

cirrhosis (79). The Barcelona Clinic Liver Cancer (BCLC) staging system is the most widely 

used system for HCC staging and ranges from stage 0 to stage D (79). In BCLC stages 0–A, 

curative treatment may be possible with liver resection, ablation or liver transplantation (81, 

82). 

 

Ectopic fat deposition, the heart and sarcopenia in SLD 

Excess energy in the body is stored as lipids. Under normal conditions, this occurs mainly in 

subcutaneous adipose tissue (83). However, it has been proposed that individuals have a 

limited capacity to how much lipid can store in the subcutaneous adipose tissue, and when this 

limit is exceeded, lipids begin to be stored elsewhere in the body (84, 85). Some lipids are 

stored in the visceral adipose tissue, but fat deposition can also occur in the liver, skeletal 

muscle (myosteatosis), pancreas, and cardiac and pericardial tissue (83). When lipids are 

stored in tissue other than subcutaneous or visceral adipose tissue, this is referred to as ectopic 

fat deposition (84). Obesity characterised by increased visceral and ectopic fat deposition is 

linked to the metabolic syndrome and insulin resistance and is associated with an increased 

risk of T2D and cardiovascular disease (83).  

The association between visceral fat, coronary artery disease, and cardiovascular risk is well 

established, whereas the relationship between hepatic steatosis and cardiovascular risk is more 

complex (86). Numerous studies have examined the association between MASLD and 

cardiovascular disease, but meta-analyses have reported inconsistent findings regarding 

cardiovascular mortality (86-88). MASLD and cardiovascular disease share many metabolic 

factors, and it is difficult to disentangle the independent effect of steatosis itself (86). Studies 

examining liver fat content in relation to cardiovascular disease risk have reported an inverse 

association, suggesting that patients with high visceral adiposity but low liver fat may have a 

higher cardiovascular risk than those with both high visceral adiposity and high liver fat (89, 

90). Myosteatosis is common in MASLD, occurs across the disease spectrum, and increases 
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with disease severity (91). In ALD, myosteatosis has mainly been studied in cirrhosis, where 

its prevalence appears similar to that in MASLD and is associated with poorer prognosis (92, 

93).  

MASLD has also been associated with heart failure with preserved ejection fraction (HFpEF). 

HFpEF is associated with the metabolic syndrome, and its prevalence is increasing (94). 

Echocardiographic features characteristic of HFpEF is associated with MASLD, while liver 

fibrosis in MASLD has been linked to poorer prognosis in patients with HFpEF. Observational 

studies also suggest that advanced fibrosis and cirrhosis are common in this patient group (94). 

MASLD has also been linked to ischaemic heart disease and arrhythmias (95). 

The term sarcopenia was coined in the late 1980s and has evolved over time. The 2019 

European definition includes loss of muscle mass, muscle strength and function, and is 

associated with reduced quality of life and increased mortality (96). Sarcopenia is associated 

with increased mortality in cirrhosis regardless of aetiology (97). In MASLD, concomitant 

sarcopenia is associated with a higher prevalence of advanced fibrosis and increased mortality  

(98). Whether this relationship is causal remains unclear, although several potential 

pathophysiological mechanisms may link the two conditions (98). In ALD, sarcopenia is 

common, but it has mainly been studied in severe disease, where it is linked to poorer 

prognosis (99).  

The combination of sarcopenia and myosteatosis is referred to as adverse muscle composition 

(AMC). Patients with MASLD and concomitant AMC have a higher prevalence of T2D and 

coronary artery disease (100). AMC has also been linked to increased mortality in MASLD and 

is common in cirrhosis, where it has been associated with worse prognosis (91, 101). 

 

Type 2 diabetes and SLD 

Hepatic and peripheral insulin resistance are central to the pathogenesis of MASLD, but they 

also play a role in ALD, and many pathophysiological processes in ALD overlap with 

mechanisms related to insulin resistance (38, 102-104).  

Liver disease is more common in patients with T2D. In a Swedish study from the National 

Diabetes Register (NDR), patients with T2D had a two- to threefold higher risk of severe liver 

disease, HCC, and liver-related mortality compared with matched controls (105). In a study of 

the Finnish general population, T2D was associated with an increased risk of LRE (106). Across 

the SLD spectrum, concurrent T2D is associated with an unfavourable prognosis, with faster 

fibrosis progression, a higher prevalence of steatohepatitis, an increased risk of HCC and other 

LRE, and increased mortality (8, 107-110). 

MASLD is very common among patients with T2D, with an estimated global prevalence of 65%, 

which has increased over the past 30 years (107). T2D is associated with more severe MASLD. 

Among biopsy-assessed patients with MASLD and concomitant T2D, the prevalences of 

MASH, significant fibrosis, and advanced fibrosis are 66%, 41% and 15%, respectively (107). In 

MASLD, T2D is associated with faster development of decompensated cirrhosis, and the risk 

of decompensation increases with higher HbA1c (14). T2D is also associated with HCC; 
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patients with MASLD and T2D have a fivefold higher risk of developing HCC compared with 

patients with MASLD without T2D (14). In general, fibrosis progression is generally faster in 

MASLD when T2D is present (111).  

The effect of metabolic risk factors on outcomes in ALD and MetALD has been studied to a 

much lesser extent (54). However, studies suggest that insulin resistance is the strongest 

predictor of liver fibrosis and ASH in ALD (112). In ALD, T2D is linked to liver-related 

mortality and the development of cirrhosis (103, 113). In a cohort of patients seeking care for 

AUD, T2D was associated with increased incidence of ALD and higher mortality (109). In 

MetALD, T2D is linked to an increased risk of significant fibrosis, advanced fibrosis, and 

cirrhosis (71, 108).  

Approximately 60% of patients with MASLD have T2D or prediabetes (23). Patients with 

MASLD have at least twice the risk of developing T2D compared with patients without MASLD 

(8). T2D occurs in approximately 20% of patients with ALD (103, 114). In MetALD, the 

proportion with T2D is likely to fall between that seen in MASLD and ALD, although findings 

in the literature are conflicting (43, 71).  

The association between MASLD and complications of T2D is incompletely understood. The 

risk of macrovascular complications and diabetic nephropathy is higher among patients with 

concomitant MASLD, whereas evidence for other microvascular complications is more 

uncertain (115, 116). In studies of the association between MASLD and retinopathy or 

neuropathy, risks have been reported as higher, lower, or unchanged (117-121). The association 

between diabetic foot ulcers and MASLD has been little studied, but available data suggest an 

increased risk (122, 123). 

 

Non-invasive tests in SLD 

Liver biopsy has long been the gold standard for diagnosing and staging liver disease, and 

much of our knowledge of prognosis in SLD comes from liver biopsy cohorts (14). However, 

the method has important limitations. Because a biopsy samples only a small part of the liver, 

and fibrosis may be heterogeneously distributed, its representativeness may be limited. In 

addition, interpretation is subject to interobserver variability among pathologists. Together 

with its invasive nature and risk of complications, these limitations have led to the role of liver 

biopsy as the gold standard being questioned in recent year (14, 124). Accordingly, increasing 

attention has shifted towards NITs. This paradigm shift is partly explained by evidence that 

NITs predict prognosis in SLD as well as, or better than, liver biopsy (14, 77, 78, 125). 

NITs are non-biopsy-based tests mainly used to estimate the presence and severity of liver 

fibrosis (126). They can be divided into two main groups: serum-based tests, which often 

combine routine blood tests with anthropometric measurements and clinical history, and 

imaging-based tests (72). Serum-based tests can be further divided into simple point-of-care 

tests, such as FIB-4, which use inexpensive and well-established routine blood tests, and 

specialised tests that use patented, specifically developed markers, such as the Enhanced Liver 

Fibrosis (ELF) test (126). Imaging-based tests rely on diagnostic imaging techniques, but 

assessment is based on derived quantitative measures rather than visual image interpretation. 
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Fibrosis assessment instead relies on different types of elastography, such as vibration-

controlled transient elastography (VCTE), in which ultrasound (US) or magnetic resonance 

(MR)-based data are used to measure liver stiffness (127). At present, numerous NITs are 

available for assessing steatosis and liver fibrosis, and NITs for diagnosing MASH are also 

under development (128, 129).  

Fatty Liver Index 

Several NITs, in the form of algorithms, are available for assessing the presence of steatosis 

(130-133). In general, these algorithms are used in screening studies and not clinically (134). 

They can detect steatosis with acceptable accuracy but cannot quantify hepatic fat content 

(135). The Fatty Liver Index (FLI) was one of the first and remains one of the most widely used 

algorithms (130, 135). FLI was developed in an Italian general population study. Participants 

with suspected liver disease, defined by elevated liver tests, underwent US to assess steatosis, 

and several blood tests and anthropometric data were collected. Using logistic regression, an 

algorithm was developed to predict US-detected steatosis using selected blood tests and 

anthropometric data. The algorithm includes BMI, waist circumference, triglycerides and 

gamma-glutamyl transferase (GGT), and uses lower and upper thresholds to classify patients 

as having low or high risk of steatosis. Since its introduction in 2006, FLI has been validated 

in several other populations, and the area under the receiver operating characteristic curve 

(AUROC) for detecting steatosis compared with liver biopsy is 0.83 (134). The algorithm has 

also been validated against magnetic resonance imaging proton density fat fraction (MRI-

PDFF) (136).  

FIB-4 

Several algorithms are available for assessing the risk of liver fibrosis. The most widely used 

algorithm, and the one recommended in several guidelines, is FIB-4 (8, 137). FIB-4 was 

originally developed to assess significant fibrosis in patients with hepatitis C and human 

immunodeficiency virus coinfection (138). The algorithm was later validated against liver 

biopsy for detecting advanced fibrosis in a MASLD cohort and has since been used both in 

research and in clinical practice (10, 139). FIB-4 uses two thresholds to identify patients at low 

or high risk of advanced fibrosis, whereas further testing is recommended for patients who are 

not classified as low risk (10). FIB-4 includes aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), platelet count and age. Because age is included in the algorithm, and 

because the original study included patients aged 35–65 years, age-adjusted thresholds have 

been introduced  (140). When the same threshold is applied to patients below and above 65 

years of age, FIB-4 has low specificity in patients older than 65 years (141). FIB-4 should also 

be avoided in patients younger than 35 years, because its performance in this age group is poor  

(140).  

Longitudinal changes in FIB-4 are clinically important in patients with known liver disease. 

FIB-4 increases with fibrosis stage, and rising FIB-4 values correlate with the development of 

cirrhosis and HCC in MASLD (128). Similar findings have been reported in the general 

population, where increasing or persistently high FIB-4 values over time are linked to LRE 

(142). However, the suitability of FIB-4 as a screening test has been questioned because it was 

originally developed in a high-risk specialist-care population (143).  
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In ALD, FIB-4 performs considerably worse than in MASLD, with a high false-positive rate, 

probably related to the direct effects of alcohol on AST levels and platelet count (57). 

Nevertheless, it is still recommended as a first-line test in ALD to exclude advanced fibrosis, 

followed by VCTE or the ELF-test when indicated (144, 145). For MetALD, the evidence base 

remains limited. However, FIB-4 performance appears similar to that in MASLD, and 

intermediate or high FIB-4 risk categories have been associated with decompensated cirrhosis 

and death in patients with MetALD (78).  

Activin A  

Several NITs are currently used clinically for fibrosis assessment and prognostication in SLD 

(10). In addition, research in the field is extensive, and many new NITs have been investigated 

in recent years (146, 147). One potential novel biomarker in SLD is the cytokine activin A. 

Activin A has been linked to inflammation and immune cell function, skin biology, fibrosis 

development in several organs, reproductive biology, stem cells, wound healing, sarcopenia, 

fasting and insulin resistance, among other processes (148-150). In addition to its association 

with MASLD, activin A has also been associated with HCC, cirrhosis in ALD and liver failure 

(148). During the development of liver fibrosis in MASLD and ALD, activin A probably 

contributes through activation of Kupffer cells, which in turn promote fibrogenesis via hepatic 

stellate cells (151, 152).  

Studies have shown associations between elevated activin A levels and MASLD and MASH, 

and expression of genes related to activin A has been linked to the conditions (149, 153-155). 

In MASLD, activin A levels are higher in patients with advanced fibrosis than in those with 

lower fibrosis stages (152). In mouse models of chronic liver disease, inhibition of the activin 

A receptor has been shown to increase liver regeneration and interrupt fibrosis progression 

(156). However, findings from mouse models are conflicting, as overexpression of activin A has 

also been reported to improve disease (157). At present, the association between activin A and 

SLD remains incompletely understood, and whether activin A has clinical utility as a NIT 

remains uncertain. 

Vibration-controlled transient elastography 

In the early 2000s, several methods were developed to assess tissue elasticity, referred to in 

the liver as liver stiffness measurement (LSM). The first method to be used in chronic liver 

disease was VCTE (158). Initially, chronic hepatitis C was the main focus, but in 2007 the first 

study using VCTE to assess fibrosis stage in MASLD was published, followed by the first study 

in ALD in 2008  (158, 159). Shortly after the term MetALD was introduced, VCTE was also 

shown to be useful in this patient group (160). 

VCTE was originally developed within the food industry to assess cheese maturation and is 

based on US technology (161). In this technique, a shear wave is induced through a probe and 

travels through the liver tissue, and its propagation is assessed by US. The stiffer the liver, the 

faster the shear wave travels through the tissue, and liver stiffness is expressed in kilopascals 

(kPa) (158). The patient is examined in the supine position; the examination takes 

approximately 5 minutes and causes no major discomfort. With VCTE, an area approximately 

100 times larger than that assessed by liver biopsy is examined, providing a more 

representative assessment of the liver parenchyma (158). However, VCTE is not a perfect 
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technique, and in patients with obesity, or when the examination is performed by an 

inexperienced operator, the risk of false-positive results increases (162). Particularly in 

populations with a low prevalence of severe liver disease, such as primary care populations, 

agreement between repeated VCTE examinations can be low (163).  

Elastography, including VCTE, is recommended in guidelines both to exclude and to predict 

advanced fibrosis in MASLD (8). VCTE performs at least as well as biopsy in predicting 

mortality and LRE in MASLD at thresholds of <10 kPa, 10–20 kPa and >20 kPa, corresponding 

approximately to F0–F2, F3 and F4, respectively (164). The introduction of pharmacological 

treatment for MASH with significant fibrosis has increased the need to identify patients with 

significant fibrosis using VCTE (31, 32). VCTE values of 8–15 kPa have been suggested to 

correspond to MASH with significant fibrosis and to represent an indication for treatment in 

MASLD (165).  

In ALD, VCTE has good ability to exclude or confirm advanced fibrosis (166). LSM has strong 

prognostic value in ALD: compared with LSM <10 kPa, values of 10–15 kPa and >15 kPa are 

associated with 8- and 28-fold higher risks of LRE over time, respectively (77). In the study, 

VCTE predicted prognosis better than biopsy in ALD (77). Similar performance has been 

reported in other studies, in which increasing VCTE values over time have been linked to 

poorer prognosis (167). For MetALD, meta-analyses of VCTE performance are currently 

lacking, but individual studies suggest satisfactory results, and elevated LSM values are linked 

to increased risks of death and decompensated cirrhosis (78, 160).  

 

Assessment of steatosis, the heart and body composition 

Ultrasound 

US has long been the standard method for detecting steatosis in clinical practice (168). The 

method can also detect other liver conditions, such as tumours and biliary tract abnormalities. 

It is non-invasive, inexpensive, well established, widely available, and well accepted by patients 

(168, 169). However, US has several clinical limitations. It reliably detects only moderate to 

severe steatosis, and mild steatosis is often missed, examination may be technically difficult in 

patients with severe obesity, the method is subjective and operator-dependent, and it cannot 

accurately quantify hepatic fat content (169-171). US assesses steatosis but does not provide 

fibrosis staging, although established cirrhosis may be detected during the examination  (172). 

Controlled attenuation parameter 

In connection with VCTE, the controlled attenuation parameter (CAP) can also be measured 

(173). CAP measures the attenuation of the US signal as it passes through liver tissue. The 

greater the amount of fat present, the more the signal is attenuated, and the examination 

generates a numerical value expressed in dB/m (174). Advantages of CAP include that it can 

be performed simultaneously with conventional VCTE, has no adverse effects, is easy to 

perform, provides objective measurements with high reliability, examines a larger area than 

liver biopsy and, although the equipment is expensive to purchase, the examination itself is 

inexpensive (169, 170, 173, 175). Disadvantages include difficulties obtaining reliable 
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measurements in severe obesity, the inability to provide an exact quantification of hepatic fat 

content, and uncertainty regarding which thresholds should be used to define steatosis and its 

different grades (170, 176). 

Magnetic resonance background 

Multiple MR techniques are used in the assessment of SLD. The body consists mainly of water 

and fat, molecules that contain large numbers of hydrogen atoms. The nucleus of the hydrogen 

atom consists of a positively charged proton. This proton rotates around its axis, acts like a 

small compass needle, and can be influenced by magnetic fields (177). Under normal 

circumstances, the surrounding magnetic field is too weak for all the protons in the body to 

align in the same direction. In MR techniques, this property is used to align protons with the 

direction of a strong magnetic field, such as that generated by an MR scanner (177). In this 

strong magnetic field, the protons behave like tilted spinning tops: their axis of rotation all 

rotates around the direction of the magnetic field, a phenomenon known as precession. The 

speed of precession depends on the strength of the magnetic field, measured in tesla, and 

increases as field strength increases. 

By transmitting a radiofrequency pulse adapted to the precession frequency of the protons, the 

protons absorb energy, are displaced from their alignment with the magnetic field, and begin 

to rotate in synchrony at another angle to the field (177). Often, the proton axis is displaced by 

90 degrees from the direction of the magnetic field, although this varies between methods and 

is referred to as the flip angle. When the pulse ceases, the protons return towards alignment 

with the magnetic field. As they do so, they emit the absorbed energy in the form of radio waves. 

This signal is then captured by antennas in the MR scanner. 

Different tissues contain protons in different molecular environments. In water molecules, 

oxygen attracts the electron of the hydrogen atom, making the proton more exposed to the 

surrounding magnetic field than in fat molecules, where carbon atoms have less tendency to 

attract electrons. These differences influence how long it takes for protons to return towards 

alignment with the magnetic field and are used in MR techniques to distinguish between 

tissues. Two time-related aspects are mainly used, referred to as T1 and T2 relaxation (177). T1 

relaxation describes the time it takes for protons to return towards alignment with the 

magnetic field, whereas T2 relaxation describes how quickly their synchronised rotation 

decays, resulting in decreasing signal strength. 

To localise where in the magnetic field the different radio signals originate, gradient coils are 

used in the MR scanner (177). These smaller magnetic coils rapidly switch on and off, altering 

the magnetic field and making it possible to determine the origin of the signals. By combining 

information about the signal from the tissue with information about where the signal 

originates, MRI data can be used to create a greyscale image of the examined area. 

Proton magnetic resonance spectroscopy 

Proton magnetic resonance spectroscopy (1H-MRS) uses the same underlying principles as 

MRI, but instead of producing images, it analyses the chemical content within a specific 

measurement volume, referred to as a voxel. When examining the liver, this voxel is placed in 

the liver parenchyma, avoiding large blood vessels and bile ducts. Using specific 

radiofrequency pulse sequences, such as Stimulated Echo Acquisition Mode (STEAM), in 
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combination with magnetic gradients generated by smaller coils, a signal reflecting the 

chemical content within this voxel can be obtained (178). By making use of the fact that protons 

are shielded differently from the magnetic field in different molecular environments, the signal 

can be divided into frequency components corresponding to different substances, such as 

water or triglycerides. This phenomenon is referred to as chemical shift (178). To interpret 

these frequency components, they are processed using mathematical algorithms, such as 

AMARES, and presented graphically as curves. By calculating the area under each curve, a 

measure is obtained of the number of protons in the voxel that are bound to water or fat. 

Whereas MRI uses T1 and T2 relaxation to distinguish between tissues, in 1H-MRS these effects 

need to be corrected for (178). Because protons in fat and water take different amounts of time 

to return towards alignment with the magnetic field, a sufficiently long interval is needed 

between repeated measurements to allow all protons to recover. This interval is expressed as 

the repetition time (TR) (178). Signal strength is also affected by when the emitted radio signals 

are measured, and this differs between water and fat. By acquiring repeated measurements, it 

is possible to extrapolate the signal to the time when the radiofrequency pulse was emitted, 

allowing this difference between water and fat to be corrected for (178). This is expressed as 

the echo time (TE). In fat molecules, hydrogen and carbon atoms are very close together, 

meaning that the protons affect each other through chemical bonds and produce complex 

attenuation of the echo. These are known as J-coupling effects, which need to be corrected for 

when measuring fat. By keeping the time between the final pulses in the STEAM sequence 

short, known as the mixing time (TM), there is insufficient time for J-coupling effects to 

influence the echo to any substantial extent (178). 

Once these factors have been accounted for, measures of the proportions of fat and water in 

the voxel can be obtained, and PDFF can be calculated and expressed as a percentage (178). 

PDFF is calculated as the proportion of protons bound to fat relative to the total number of 

protons bound to water and fat in the examined voxel. 

PDFF can also be calculated using MRI, but 1H-MRS-PDFF is more sensitive to small amounts 

of fat and is considered the gold standard for quantifying hepatic triglyceride content (8, 176). 

Because 1H-MRS-PDFF is expensive, requires specially trained personnel, specialised 

equipment and considerable time, and measures only a limited area of the liver, it is not 

commonly used in clinical practice and is mainly used in research (176).  

Cardiac magnetic resonance imaging 

The human heart normally beats 50-100 times per minute. Capturing this with MRI is 

therefore a challenge. In cardiac MRI, this is addressed by acquiring multiple images over 

several heartbeats and synchronising them with the cardiac cycle using electrocardiographic 

gating (179). By acquiring many images in succession, a cine sequence can be reconstructed, 

providing a moving image of the beating heart. Using radiofrequency pulse sequences such as 

balanced steady-state free precession (bSSFP), high contrast between the myocardium and 

flowing blood can be achieved despite rapid image acquisition (179). By keeping TR very short, 

using a flip angle lower than 90 degrees and a short time to echo registration, these rapid 

images can be acquired (179). By using post-processing algorithms to reconstruct missing 

image data, the amount of acquired image data can be reduced, further shortening acquisition 

time  (179, 180). After image reconstruction and processing, cardiac MRI data can be analysed 
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using software such as Segment (Medviso AB, Lund, Sweden) to obtain automated cardiac 

measurements (181). 

Body composition magnetic resonance imaging 

Body composition MRI is used to assess tissue composition, particularly the distribution of 

adipose tissue. In contrast to ¹H-MRS, which measures fat content within only a small region 

of interest, body composition MRI provides a whole-body assessment of fat distribution. The 

examination is performed using the Dixon method, which, like ¹H-MRS, makes use of 

chemical shift (178). Because fat and water signals differ, images can be acquired at two 

different echo times, generating data that can be reconstructed into separate water and fat 

images. In Dixon methods acquiring more than two echoes, referred to as multi-echo Dixon, 

MRI-PDFF can also be calculated, for example in the liver (178). Body composition MRI images 

can then be automatically processed and analysed using software such as AMRA Researcher 

(AMRA Medical AB, Linköping, Sweden) to quantify measures such as fat-free muscle volume 

(FFMV) and visceral adipose tissue (VAT) volume (182).  

 

Screening for SLD 

Wilson and Jungner’s ten criteria for screening were published in a World Health Organization 

report in 1968 (183). Although these criteria were published almost 60 years ago, they are still 

used, despite not fully reflecting the complexity of contemporary health care (184). Johansen 

et al. have discussed screening for SLD in relation to Wilson and Jungner’s criteria, 

supplemented by newer criteria that better address contemporary screening challenges (72). 

They conclude that screening for SLD is promising, as it may enable early intervention. They 

further suggest that a holistic approach could reduce the risk of severe liver disease and provide 

broader health benefits. However, they also acknowledge that the long-term effects of 

screening remain unclear, as randomised studies with long-term follow-up are lacking. 

Screening will probably need to be adapted to local conditions and existing health care 

structures in different countries and health care systems (72). 

Studies of screening 

Several studies have examined screening for SLD, mainly focusing on MASLD and ALD (72). 

Most studies have focused on MASLD in patients with T2D, and assessment using FIB-4 or 

VCTE has been the most used approach, although routine liver tests, non-FIB-4 algorithms, 

MRI, MR elastography (MRE), liver biopsy, and US have also been used  (163, 185-189). These 

studies have reported promising results, but study designs are heterogeneous, and a key 

limitation is the lack of a uniform definition of advanced disease (185). In a recent Swedish 

study, VCTE was offered alongside routine retinal photography in patients with T2D (163). The 

examination was accepted by a large proportion of participants, suggesting that this may be a 

feasible strategy for MASLD screening, although a high proportion of false-positive results was 

noted (163). Similar VCTE-based screening for SLD has also been conducted in the general 

population in Denmark (190). 
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Results have recently been reported from the LiverScreen study, in which 30,000 individuals 

from the general population in nine European countries underwent VCTE-based screening for 

liver fibrosis in SLD (191). After hepatological assessment, approximately 1.6% of the 

population were found to have previously undetected chronic liver disease with fibrosis. 

MASLD was by far the most common aetiology (73%), although MetALD (15%) and ALD (5%) 

also contributed. Participants with T2D, obesity, and harmful alcohol use had significantly 

higher odds of liver fibrosis than participants without these risk factors (191). A high 

proportion of VCTE false-positive results was also noted in this study (191). Several studies of 

similar or larger size are currently underway (192, 193). 

Cost-effectiveness studies of SLD screening, including studies that also incorporate subsequent 

treatment, have been conducted. Studies of screening cost-effectiveness have reported varying 

results (194-201). When treatment has been included, some studies have suggested cost-

effectiveness in specific scenarios, but these analyses are assumption-based and context-

dependent, and the results should therefore be interpreted with caution (200, 202-204). 

Current screening practice 

In 2016, European guidelines were published that recommended that patients with T2D be 

screened for MASLD with advanced fibrosis, and this recommendation has remained in place 

since then (135, 205). Despite this recommendation, no systematic screening programme for 

advanced fibrosis in T2D is well-established in clinical practice, either internationally or in 

Sweden, a gap that has been linked to high costs and limited preparedness within health care 

organisations (206-209). In Sweden, the Swedish Society of Gastroenterology recommends 

that patients with obesity and T2D be screened with FIB-4 for advanced fibrosis, but no 

corresponding recommendation is included in the Swedish national guidelines for T2D care 

(168, 210). A review of regional primary care guidelines for T2D from Region Skåne, Region 

Östergötland, and Region Stockholm found no clear recommendation for systematic MASLD 

screening (211-213). Internationally, regular screening with FIB-4 for MASLD with fibrosis is 

recommended in American T2D guidelines (214). However, studies indicate that this 

recommendation has not been fully implemented in clinical practice  (215). 

 

SLD in primary care 

SLD includes diseases that have historically been managed in specialist care. However, these 

diseases are very common, and MASLD is often encountered in primary care. In Chapter 13 of 

the Swedish Health and Medical Services Act, the basic assignment of primary care is described 

as follows (216): 

- “provide the health and medical care services required to meet commonly occurring 

physical and mental health care needs” 

- “provide preventive interventions based on both the needs of the population and the 

individual needs and circumstances of the patient” 

- “provide rehabilitative interventions based on the patient’s individual needs and 

circumstances” 
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- “coordinate different interventions for the patient in cases where it is most 

appropriate for the coordination to take place within primary care” 

Management and potential screening of SLD align well with these responsibilities. It has also 

been proposed that simple steatosis should be regarded as a risk factor for liver and 

cardiovascular disease rather than a disease in itself (16). Primary care has extensive 

experience of managing other risk factors, such as hypertension and hypercholesterolaemia. 

Against this background, it is difficult to argue that SLD, particularly MASLD, should not be 

managed in primary care, given its high prevalence (17, 209). 

Prevalence in primary care 

In a meta-analysis of MASLD prevalence in T2D, the prevalence was 60% in a subgroup 

analysis of general population studies (217). In the overall meta-analysis, 36% of participants 

had significant fibrosis and 15% had advanced fibrosis, but no subgroup analyses were 

performed for general population or primary care settings. The authors noted substantial 

heterogeneity between studies, and many studies were conducted in specialist care settings, 

raising the possibility of selection bias. A VCTE- and CAP-based study of the US general 

population reported prevalences of 32.4% for MASLD, 2.2% for MetALD, and 1.3% for ALD  

(218). Among individuals with SLD, the proportions with LSM >8 kPa, >12 kPa, and >15 kPa 

were 17–27%, 5–20%, and 4–13%, respectively, depending on SLD subtype. 

Awareness in primary care 

Although SLD is commonly observed in general population studies, the proportion of 

individuals with a recorded diagnosis is low, suggesting substantial underdiagnosis (219). In a 

Swedish national registry study, the recorded prevalence of MASLD and ALD in 2019 was 

0.02% and 0.05%, respectively (220). However, primary care was not included in the study. In 

a large European primary care registry study, the prevalence of a recorded MASLD diagnosis 

was 1.9% in 2014 (221). Despite the high expected global prevalence of MASLD, only 6% of 

affected individuals are reported to be diagnosed (222).  

Difficulties in managing MASLD with concomitant T2D among primary care healthcare 

professionals in Australia have been investigated qualitatively (223). The study found that 

other health problems were often prioritised over MASLD, partly because the risk of 

complications was perceived to be low, healthcare professionals were concerned about 

overwhelming patients with information, consultations were constrained by time, and tests for 

advanced fibrosis were perceived as unavailable. A similar study conducted in the UK reported 

comparable findings  (224). In a European study, awareness of MASLD guidelines and clearly 

established liver care pathways was investigated both quantitatively and qualitatively among 

physicians, approximately 25% of whom worked in primary care (225). One third of 

respondents were unaware of the guidelines. Among American general practitioners, 

awareness of the importance of fibrosis in MASLD was high, but few were aware of or used 

FIB-4 (226). Similar findings have also been reported from primary care in the Netherlands 

and Australia (227, 228).  

At present, barriers exist at multiple levels, including among patients, within primary care and 

among policymakers, limiting the effective management of liver disease in primary care (209). 

In MASLD, underdiagnosis appears to be substantial, and awareness in primary care remains 
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limited. However, this may be changing. The incidence of recorded MASLD and ALD diagnoses 

is increasing over time in Sweden (220). This may reflect increased morbidity but may also be 

related to increased awareness within health care. In recent years, the role of primary care in 

MASLD has also been more clearly defined (209, 229, 230). The increasing attention given to 

MASLD in recent years, not least because of emerging pharmacological treatment options, has 

prompted discussion of a potential paradigm shift in the field (209, 219). 

Limitations of evidence from specialist care 

Most evidence on SLD comes from specialist care settings, which may limit its generalisability 

to primary care. For example, data on advanced fibrosis in patients with T2D are available only 

to a limited extent from primary care (231). Similarly, much of current understanding of the 

natural history of MASLD is based on biopsy cohorts, which largely consist of patients 

managed in specialist care (14). These patients are likely to have more advanced liver disease 

and may therefore not be representative of the broader MASLD population. If prevalence 

estimates of advanced fibrosis in T2D from specialist care studies were generalisable to the 

broader primary care population, a large proportion of patients would be expected to develop 

cirrhosis over time. However, this pattern is not reflected in clinical practice, which is 

supported by NDR data on the occurrence of cirrhosis in patients with T2D in Sweden (231). A 

further limitation is that most NITs have been developed in specialist care settings, and their 

performance in primary care populations remains uncertain (14). 

 

Health economics and modelling 

Health care, like society more broadly, is constrained by available resources. Budgets are 

limited, and as new treatment methods are introduced, priorities need to be set. According to 

a decision by the Swedish Parliament, prioritisation in health care should be based on three 

principles, one of which is the cost-effectiveness principle (232). Cost-effectiveness is therefore 

central to the allocation of limited resources, and health economic studies provide a tool for 

assessing cost-effectiveness. 

To draw conclusions about cost-effectiveness, data on health-related outcomes and costs must 

be collected. Health care includes many different patient groups and interventions, which are 

difficult to compare directly. Health-related outcome measures, such as quality-adjusted life 

years (QALYs), have therefore been developed. A QALY is a measure that combines survival 

with health-related quality of life (233). One QALY corresponds to one year lived in full health-

related quality of life. To calculate QALYs, a measure of health-related quality of life in the form 

of a QALY weight is needed. These weights can be estimated in different ways (234). Direct 

estimates use methods based on hypothetical scenarios, although these can be abstract and 

difficult for study participants to assess. More commonly, indirect methods are used, in which 

quality of life is estimated using questionnaires such as EQ-5D or SF-36. The questions in these 

instruments describe different aspects of health-related quality of life, and each participant’s 

responses generate a specific health-state profile. This profile can then be translated into a 

corresponding QALY weight using a tariff (234). The tariffs have been created through 

population studies in which individuals have compared quality-of-life questionnaires with a 

direct estimation method. 
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In addition to health-related outcomes, costs need to be estimated in a health economic 

analysis. The analytical perspective determines which costs are included. From a health care 

perspective, costs typically include direct medical costs, such as diagnostics, visits, hospital 

care and treatment, all of which directly affect the health care budget. From a societal 

perspective, the analysis may also include indirect costs, most commonly productivity losses 

due to morbidity or premature mortality (234).  

Once effects and costs have been estimated, the health economic analysis can be performed. In 

a cost-effectiveness analysis, an incremental cost-effectiveness ratio (ICER) is usually 

presented to compare different alternatives (235). For example, drug treatment A can be 

compared with drug treatment B. The costs and health effects associated with the two 

treatments over time are compared. With the incremental cost and health effects can the ICER 

be calculated and expressed as cost per QALY gained. 

How, then, should one assess whether an intervention is cost-effective? If a new treatment is 

both cheaper and more effective, the assessment is straightforward, the new treatment is cost-

effective. A new treatment that is both more expensive and less effective is also easy to evaluate, 

it is not cost-effective. The assessment becomes more complex when a treatment is more 

effective but also more expensive, or slightly less effective but substantially cheaper. These 

different combinations can be visualised using the cost-effectiveness plane (234). This is a 

coordinate system with incremental effect on the x-axis and incremental cost on the y-axis. The 

axes divide the plane into four quadrants, named after the points of the compass. Treatments 

that are cheaper and more effective fall in the south-eastern quadrant, those that are more 

expensive and less effective in the north-western quadrant, those that are more expensive but 

more effective in the north-eastern quadrant, and those that are cheaper but less effective in 

the south-western quadrant. 

To assess whether treatments in the north-eastern and south-western quadrants are cost-

effective, a threshold value can be used. This threshold reflects what society, or the health care 

system, is willing to pay to gain one QALY. In some countries, such as the United Kingdom, the 

threshold value is officially specified, whereas in Sweden there is no entirely official value, 

although established practice exists. In Sweden, the practice used by the Dental and 

Pharmaceutical Benefits Agency (TLV) when assessing reimbursement of new drugs is often 

applied. The threshold value ranges from SEK 500,000 to SEK 1,000,000 per QALY, 

depending on disease severity, compassionate considerations or rarity (236). In the cost-

effectiveness plane, the threshold value can be drawn as a straight line, illustrating whether an 

ICER in the north-eastern or south-western quadrant lies within the range considered cost-

effective. The threshold value can also be used to calculate net health benefit (NHB), another 

way of expressing costs and health effects that takes the opportunity cost of money into account 

(235). A positive NHB means that the intervention provides a net health gain for the health 

care system, whereas a negative NHB means that the cost of the intervention displaces other, 

more cost-effective care. 

For an ICER to be useful, the relevant time horizon must be considered (234). Sometimes the 

outcomes of interest occur far in the future and cannot feasibly be evaluated in a clinical study. 

In such cases, modelling studies may be an alternative. Different types of models are used for 

different purposes. When modelling long-term processes in chronic, slowly progressive 

diseases such as SLD, Markov models are commonly used. In a Markov model, a cohort is 
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modelled over time (233). The model includes relevant health states for disease and death. 

Individuals in the cohort start in one state, and in each model cycle, usually one year, they have 

a certain probability of remaining in that state or moving to another state. Each state is 

associated with a cost and a QALY weight. The cohort is followed for a specified period or until 

all individuals have died, providing an estimate of the costs and health effects associated with 

the intervention and the comparator. 

A Markov model has no memory, and in each cycle each individual can only be in one state. If 

information is needed about which states an individual has previously occupied, additional 

states must be created to reflect this. For conditions that require more complex modelling, a 

Markov model can become difficult to manage. This can instead be addressed using 

microsimulation, in which each individual is simulated separately. The model retains 

information about where the individual has been in previous cycles, and individual 

characteristics can affect the probability of moving between states. The disadvantage is that 

the model becomes computationally intensive and requires substantial computing power. 

Another challenge is that detailed individual-level data are needed to obtain the full benefit of 

the simulation. If such data are lacking, theoretical assumptions may be required, which can 

reduce credibility. In addition, coding a microsimulation is complex, making external review 

challenging, and coding errors may have far-reaching effects that are difficult to detect (237).  

Models are always based, to a greater or lesser extent, on assumptions that may vary in 

accuracy. To account for this uncertainty, sensitivity analyses are performed. In a one-way 

sensitivity analysis, one variable is changed and the effect on the result is examined. To take a 

more comprehensive approach to model uncertainty, a probabilistic sensitivity analysis (PSA) 

can be performed (233). In a PSA, probability distributions are assigned to each variable, with 

different types of distributions used depending on the variable type (233). Values are then 

repeatedly drawn from these distributions, generating a corresponding number of ICERs. 

These ICERs can, for example, be plotted in the cost-effectiveness plane, providing a 

visualisation of the spread of results and the probability that the intervention is cost-effective.  
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Aim 

The overall aim of this doctoral project is to investigate, in primary care, the prevalence and 

management of MASLD among patients with concurrent T2D, and to examine how the 

prevalence of diabetes complications varies according to the presence of MASLD. The project 

also aims to evaluate novel biomarkers for liver fibrosis and to assess whether a screening and 

management algorithm for SLD among patients with T2D in primary care is cost-effective. 

Research questions in Papers I-V 

I. 

- How many patients with T2D in Swedish primary care have known MASLD? 

- What is the likely prevalence of MASLD, with or without advanced fibrosis, in this 

patient group? 

- How are patients with MASLD and concurrent T2D managed within Swedish primary 

care? 

II. 

- Are there differences in the prevalence of microvascular diabetes complications and 

diabetic foot ulcers between patients with T2D and concurrent MASLD and those with 

only T2D? 

- Are there differences in the prevalence of microvascular diabetes complications and 

diabetic foot ulcers in patients with T2D between those with MASLD and concurrent 

advanced fibrosis and those without advanced fibrosis? 

III. 

- Are plasma activin A levels different in patients with biopsy-proven MASLD with 

advanced fibrosis compared with patients without advanced fibrosis? 

- Are plasma activin A levels different among patients homozygous for the PNPLA3 

I148M variant compared with patients who are heterozygous or wild type? 

IV. 

- How common is MASLD among patients with T2D within Swedish primary care? 

- How common is advanced fibrosis in MASLD within the patient group? 

- What distinguishes patients with T2D and concurrent MASLD with advanced fibrosis 

from those without advanced fibrosis? 

- How do MR-based biomarkers differ between patients with and without MASLD, and 

how are they associated with advanced fibrosis? 

V. 

- How could a unified SLD screening and management strategy for Swedish primary care 

patients with T2D be designed? 
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- What would the introduction of a unified SLD screening and management strategy, 

compared with standard of care, entail in terms of lifetime costs and health benefits 

within primary and specialised care? 

- Is it cost-effective to introduce a unified SLD screening and management strategy for 

patients with T2D within Swedish primary care? 

 

  



 

25 
 

Methods 

 

Study designs and populations, Papers I-V 

Table 1 provides an overview of the study designs and populations included in Papers I-V. 

Paper I: retrospective cohort study 

The study population in Paper I consisted of 350 randomly selected participants with T2D 

listed at five primary care centres in Östergötland during 2018–2019. All patients with a T2D 

diagnosis (ICD-10 E11.0–E11.9) recorded in the electronic medical record and listed at one of 

the participating primary care centres were eligible for random selection. The inclusion criteria 

were a diagnosis of T2D and age ≥18 years at inclusion. The exclusion criteria were acute or 

chronic liver disease other than NAFLD and harmful alcohol use, defined as any of the 

following: AUDIT-C score ≥4 for men or ≥3 for women, PEth >0.30 µmol/L, carbohydrate-

deficient transferrin (CDT) ≥2.5%, and/or medical record information suggestive of AUD. 

Papers II and IV: prospective cohort study with cross-sectional data from 

inclusion 

The study population in Papers II and IV consisted of participants from the Evaluating 

Prevalence and Severity of MASLD in Primary care (EPSOMIP) study (238). A total of 308 

participants were included during 2019–2023 during annual T2D follow-up at seven primary 

care centres in Östergötland. Participants could also be invited by randomly distributed 

invitation letters sent to patients on waiting lists for annual T2D follow-up. Eligible 

participants were required to have a T2D diagnosis according to current guidelines and to be 

aged 35–75 years. The exclusion criteria were contraindications to MRI (pacemaker, iron-

containing implants, claustrophobia, extreme obesity, and/or pregnancy), AUD, previously 

diagnosed liver cirrhosis, or primary liver disease other than MASLD. 

A total of 345 participants accepted further examination at hospital outpatient clinics in 

Linköping or Norrköping, of whom 308 were ultimately included. Reasons for non-inclusion 

among those who accepted further examination included previous liver disease, MRI 

contraindications, or AUD identified retrospectively; harmful alcohol use or another liver 

disease detected during further examination; or inability to estimate either ¹H-MRS-PDFF or 

CAP. Papers II and IV were based on cross-sectional baseline data from the prospective cohort 

study. In Paper II, a retrospective medical record review was also performed for included 

participants. 

Paper III: prospective cohort study with cross-sectional data from follow-

up 

The study population in Paper III consisted of 41 participants with MASLD. These participants 

had undergone liver biopsy on clinical indication between 1988 and 1993 because of elevated 

liver tests, and MASLD was established based on this biopsy. In total, 129 patients were 
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included in the original prospective cohort. Between 2003 and 2005, participants from the 

original cohort who were still alive were invited to a follow-up visit (4). Of the original 129 

participants, 41 underwent follow-up liver biopsy and provided a plasma sample at the same 

visit. 

Paper V: Cost-effectiveness analysis and validation of a screening 

algorithm  

Paper V was a cost-effectiveness analysis using a microsimulation model, and no new data were 

collected. However, the screening and management algorithm was validated in the EPSOMIP 

cohort among patients with available PEth. 

Next page (page nr 27) 

Table 1: Overview of studies in thesis 

Abbreviations: AUROC, area under the receiver operating characteristic curve; CAP, controlled 

attenuation parameter; ELISA, enzyme-linked immunosorbent assay; FIB-4, Fibrosis-4 index; 1H-

MRS-PDFF, proton magnetic resonance spectroscopy-proton density fat fraction; ICER, 

incremental cost-effectiveness ratio; MASLD, metabolic dysfunction-associated steatotic liver 

disease; MRI, magnetic resonance imaging; NHB, net health benefit; PNPLA3, patatin-like 

phospholipase domain-containing protein 3; QALY, quality-adjusted life year; SOC, standard of 

care; T2D, type 2 diabetes; VCTE, vibration-controlled transient elastography. 
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Methods included in Papers I-IV 

Medical record review 

Medical record review was used as a method in Papers I and II. In Paper I, a retrospective 

medical record review was conducted using the electronic medical record system Cambio 

COSMIC (Cambio Healthcare Systems AB, Stockholm, Sweden), which was used by all 

participating primary care centres. The participants’ medical records were reviewed for the 

period 2008–2019. The review was performed by four resident physicians, two specialist 

physicians, and one medical student using written instructions and a standardised form. The 

extracted data were then compiled by the first author. Sex, age, diabetes-related data, diabetes 

treatment, anthropometric data, information on comorbidities, medication use, lifestyle 

factors, and results from retinal photography were collected. Reports from imaging 

examinations that included the liver (US, computed tomography (CT), or MRI) were reviewed 

for information on steatosis and referral indication. Laboratory data from the date of T2D 

diagnosis onwards were included. If multiple measurement points were available, the most 

recent values were recorded. Variables used to calculate algorithms for steatosis and advanced 

fibrosis had to have been recorded within a 6-month interval. 

In Paper II, available electronic medical records were reviewed from 2008 until study 

inclusion, no later than 2023. All participating primary care centres used the same electronic 

medical record system, Cambio COSMIC version 3.8.0 (Cambio Healthcare Systems AB, 

Stockholm, Sweden). Only microvascular complications occurring after T2D onset were 

included. The participants’ diagnosis lists and medical record notes from primary care and 

T2D-related specialist clinics were reviewed. Laboratory data and results from retinal and 

neurophysiological examinations were reviewed. For definition of microvascular 

complications of T2D collected see Paper II supplementary table 1. All medical record reviews 

were performed by the first author. 

AUDIT-C questionnaire 

In Papers I, II, and IV, the Swedish version of the AUDIT-C questionnaire was used to assess 

alcohol consumption (239). The questionnaire includes three questions: 

1. How often do you drink alcohol? 

2. How many “standard drinks” do you drink on a typical day when you drink alcohol? 

3. How often do you drink six such “standard drinks” or more on one occasion? 

The response options generate an overall score. In Paper I, participants with an AUDIT-C score 

≥3 for women or ≥4 for men identified during medical record review were excluded because of 

probable harmful alcohol use (240). In Papers II and IV, questions 1 and 2 were used instead 

to calculate weekly alcohol consumption. Participants with weekly alcohol consumption ≥210 

g for men or ≥140 g for women could not be classified as having MASLD. 
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Algorithms for steatosis 

In Paper I, four algorithms for hepatic steatosis were calculated to estimate the likely 

prevalence of steatosis in the population. All variables included in each algorithm had to have 

been recorded within a 6-month period for that algorithm to be calculated. The algorithms 

were calculated in accordance with previous studies, and the following cut-offs were used: 

- FLI (130): FLI <30 was considered low risk and FLI ≥60 high risk of MASLD. 

- Hepatic Steatosis Index (HSI) (133): HSI <30 was considered low risk and HSI ≥36 

high risk of MASLD. 

- NAFLD Liver Fat Score (NAFLD-LFS) (131): NAFLD-LFS ≤−0.640 was considered low 

risk and >−0.640 high risk of MASLD. 

- NAFLD ridge score (132): NAFLD ridge score <0.24 was considered low risk and >0.44 

high risk of MASLD. 

Algorithms for advanced fibrosis 

In Papers I and IV, the FIB-4 and NAFLD Fibrosis Score (NFS) algorithms were calculated to 

assess the risk of advanced fibrosis. In Paper III, only FIB-4 was calculated. In Paper I, all 

variables included in each algorithm had to have been recorded within a 6-month period for 

that algorithm to be calculated. The algorithms were calculated for patients with steatosis 

according to imaging and/or intermediate to high risk of steatosis according to at least one 

steatosis algorithm. 

In Paper IV, the algorithms were calculated using data from inclusion, whereas in Paper III 

they were calculated using data from follow-up. In Paper III, the numerical FIB-4 value was 

used, and no cut-off was applied. The algorithms were calculated in accordance with previous 

studies, using the following cut-offs: 

- FIB-4 (138, 139) 

Paper I: FIB-4 <1.3 was considered low risk of advanced fibrosis in patients aged <65 

years, and FIB-4 <2.0 was considered low risk in patients aged ≥65 years. FIB-4 ≥3.25 

was considered high risk of advanced fibrosis regardless of age. 

Paper IV: FIB-4 <1.3 was considered low risk of advanced fibrosis, and FIB-4 ≥2.67 was 

considered high risk of advanced fibrosis. 

- NFS (241, 242) 

Paper I: NFS <−1.455 was considered low risk of advanced fibrosis in patients aged <65 

years, and NFS <0.12 was considered low risk in patients aged ≥65 years. NFS ≥0.676 

was considered high risk of advanced fibrosis regardless of age. 

Paper IV: NFS <−1.44 was considered low risk of advanced fibrosis, and NFS ≥0.676 

was considered high risk of advanced fibrosis. 
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Activin A  

In Paper III, activin A was measured in plasma samples that had been stored in a biobank since 

collection in 2003–2005 (4). Activin A concentration (pg/mL) was analysed using a sandwich 

enzyme-linked immunosorbent assay (ELISA) kit #DAC00B (R&D Systems, Minneapolis, MN, 

USA), in accordance with the manufacturer’s instructions. Control set #QC22 from the same 

manufacturer was used for quality control of the assay. 

PNPLA3 I148M genotyping 

In Paper III, data on the PNPLA3 I148M genotype from a previous study of the cohort were 

used (4, 243). In this variant, isoleucine at position 148 in the PNPLA3 protein is replaced by 

methionine. In the previous study, participants were classified as wild type, heterozygous or 

homozygous for the variant. DNA was extracted from liver biopsy samples, and genotype was 

determined using PCR, followed by restriction enzyme digestion of the amplicon and 

subsequent analysis by agarose gel electrophoresis (243). 

VCTE & CAP 

In Papers II and IV, advanced fibrosis was assessed using VCTE (FibroScan®, Echosens, Paris, 

France). The examinations were performed by certified research nurses in accordance with 

current recommendations. Participants had fasted for at least three hours before the 

examination. The examinations were performed using the M probe; in some cases, the XL 

probe was used following a recommendation from the automated software. A valid 

examination required at least 10 valid shear wave measurements, and at least 80% of shear 

waves had to yield valid measurements. Measurements with excessive variability were 

excluded, and the IQR had to be ≤30% of the median. Advanced fibrosis was defined as VCTE-

derived LSM ≥10 kPa. In Paper IV, the proportions of participants with LSM ≥8 kPa and ≥15 

kPa were also presented. CAP was measured during VCTE, and CAP ≥248 dB/m was used as 

the cut-off for steatosis in participants without available ¹H-MRS-PDFF. 

1H-MRS-PDFF 

In Papers II and IV, 1H-MRS-PDFF was used to quantify hepatic fat content. The examination 

was performed using a 1.5-tesla MR scanner (Philips Achieva dStream, Philips Healthcare, 

Amsterdam, the Netherlands). A multi-echo STEAM pulse sequence with TM = 12 ms was 

used, with a pause in the sequence to minimise measurement error from J-coupling. To 

prevent previous pulse sequences from interfering with the measurement, TR was set to 3200 

ms. At each echo time, one data acquisition was performed (NSA = 1), and the flip angle was 

90°. Measurements were performed at six echo times: TE = 10, 15, 20, 25, 30 and 35 ms, 

enabling calculation of the proportions of fat and water in the tissue. 1H-MRS was performed 

in a 30 × 30 × 30 mm voxel in the liver parenchyma, avoiding large vessels. The examination 

was performed twice consecutively, and PDFF was reported as the mean value of the two 

measurements. 1H-MRS data were analysed in the jMRUI software using the AMARES 

algorithm to calculate the area under the curves for the water and fat peaks in the spectrum to 

quantify the amounts (244, 245). The six echo times were used to correct the curves in the 

spectrum for T2 relaxation. PDFF was calculated as follows: fat/(fat + water) × 100. In Papers 

II and IV, MASLD was defined as 1H-MRS-PDFF ≥5%. 
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Cardiac magnetic resonance imaging 

In Paper IV, cardiac MRI data were used. During the examination, short-axis images were 

acquired to calculate cardiac volumes and wall thickness. Multiple images were acquired 

during the cardiac cycle to construct a cine sequence. A bSSFP sequence was used to obtain 

high contrast between the myocardium and intracardiac blood. To minimise motion artefacts 

during cardiac motion, a short TR of 2.9 ms and TE of 1.4 ms were used, together with a flip 

angle of 60°. Image acquisition was further accelerated using a compressed sensing factor of 

3. The acquired spatial resolution was 2.0 × 2.0–2.6 × 8.0 mm and was increased during image 

reconstruction to 0.9 × 0.9 × 8.0 mm. Images were acquired every 34 ms, and the cine 

sequence was reconstructed to 30 frames per cardiac cycle. Segment Research version 12067b 

(Medviso AB, Lund, Sweden) was used to assess left ventricular morphology and global systolic 

function (181). The software automatically delineated the endocardial and epicardial 

myocardial borders. Myocardial mass, end-diastolic volume, stroke volume, and ejection 

fraction were calculated. Left ventricular concentricity was calculated as myocardial mass 

divided by end-diastolic volume. Myocardial mass, end-diastolic volume, and stroke volume 

were normalised to body surface area using Mosteller’s formula (246). 

Dual- and multi-echo Dixon magnetic resonance imaging 

In Paper IV, dual-echo and multi-echo Dixon MRI data were used to analyse body composition. 

Using AMRA Researcher software (AMRA Medical AB, Linköping, Sweden), fat-free muscle 

volume (FFMV), muscle fat infiltration (MFI), VAT, abdominal subcutaneous adipose tissue 

(ASAT), and liver PDFF were calculated (182). In the software, automatic image calibration 

was performed, followed by registration of adipose and muscle tissue regions. Quality control 

was then performed by trained personnel at AMRA, followed by quantification of fat and 

muscle volumes. Based on expected muscle mass according to sex and BMI in a reference 

population, an FFMV z-score was calculated, and MFI was adjusted for sex differences based 

on a reference population. Low muscle volume was defined as an FFMV z-score below the 25th 

percentile of the reference population, and myosteatosis as MFI above the 75th percentile of 

the reference population (100). Participants with both low muscle volume according to the 

FFMV z-score and myosteatosis according to MFI were considered to have AMC. 

Liver biopsy 

In Papers II and IV, liver biopsy data from the EPSOMIP study were used. Patients with VCTE 

≥8 kPa were recommended to undergo biopsy in Papers II and IV. All biopsies were performed 

percutaneously under US guidance, using a 1.6 mm BioPince needle, and were reviewed by an 

experienced liver pathologist. In Paper III, biopsies were performed in the same way, but all 

biopsies were reviewed by two experienced liver pathologists who were blinded to patient 

characteristics. Further assessment was otherwise performed in a similar manner to Papers II 

and IV. 

The biopsies were assessed according to the Kleiner scoring system, in which steatosis, lobular 

inflammation, hepatocellular ballooning and fibrosis are assessed semi-quantitatively (74). 

The presence of MASH was assessed using the MASH-FLIP algorithm (247). In this algorithm, 

patients with steatosis, hepatocellular ballooning and lobular inflammation of any grade are 

classified as having MASH. 
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Methods included in Paper V 

The screening algorithm 

For Paper V, the following screening algorithm was constructed and evaluated. Patients with 

T2D are followed up twice yearly in primary care (210). Every third year, screening is 

performed during a routine visit. Screening starts at 35 years of age and stops at 75 years of 

age. In patients younger than 35 years, FIB-4 has reduced diagnostic performance, while the 

likelihood of severe liver disease is low (140, 174). Patients with a healthy liver who are older 

than 75 years have a low risk of developing advanced liver disease during their remaining 

lifetime, and the risk of false-positive results when using FIB-4 is high (141, 248).  

The screening algorithm consists of two steps, with initial testing using FIB-4 in primary care. 

Patients who are not classified as being at low risk of liver disease are subsequently referred 

for VCTE in specialist care to identify those at low risk of liver disease, those with significant 

fibrosis, and those with cirrhosis. The proposed algorithm is based on screening algorithms 

from guidelines and previous studies (189, 205, 249). Age-adjusted FIB-4 thresholds (<1.3 

below 65 years of age and <2.0 above 65 years of age) have been studied to exclude advanced 

fibrosis, but the American Diabetes Association also recommends these thresholds to exclude 

significant fibrosis (214). 

Patients who are not classified as being at low risk of liver disease according to FIB-4 are 

further evaluated with VCTE in specialist care. In patients with probable significant fibrosis 

(8–15 kPa) or cirrhosis (≥15 kPa), blood tests are performed to exclude liver diseases other 

than MASLD, MetALD or ALD (Figure 2). The proportion of patients with another aetiology in 

a Swedish primary care context is considered sufficiently low for these diagnoses to be 

disregarded in the model (250). During blood testing, PEth is also assessed to identify patients 

with MASLD (<0.05 μmol/L), MetALD (0.05–0.30 μmol/L) or ALD (>0.30 μmol/L) (69).  

In the model, patients who develop decompensated cirrhosis are expected to be detected 

immediately, given the presence of clear symptoms (201). Patients who develop HCC may also 

be detected incidentally (201). 

Management after screening  

Patients with probable significant fibrosis are followed in specialist care with annual physician 

visits and VCTE assessments. Semaglutide is used for MASLD, semaglutide in combination 

with baclofen for MetALD, and baclofen for ALD (32, 165, 251). If patients with significant 

fibrosis on VCTE later meet VCTE criteria for cirrhosis, they are transferred to cirrhosis follow-

up. 

Patients with probable cirrhosis according to VCTE are followed in specialist care. Follow-up 

includes two annual visits, VCTE, and twice-yearly HCC surveillance with US and alpha-

fetoprotein (252). Patients with suspected HCC undergo confirmatory CT (201). Patients with 

MetALD or ALD who are followed for cirrhosis are started on baclofen. Patients who were 

started on semaglutide because of probable significant fibrosis remain on this treatment. 

Treatment with baclofen or semaglutide is discontinued if HCC develops (Figure 3). 
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In the model, HCC can be detected either incidentally or through HCC surveillance. Patients 

who have undergone liver transplantation and patients under follow-up after curative HCC 

treatment who develop recurrent HCC are assumed to be detected immediately because of 

close follow-up. HCC stages A–D were modelled in accordance with the BCLC classification 

(81). HCC treatment is based on simplified stage-specific recommendations and Swedish 

registry data (82, 253). Patients with HCC stage A receive curative treatment in the form of 

liver transplantation or resection/ablation. Curative treatment is associated with perioperative 

mortality risk. In HCC stage B, palliative treatment consists of transcatheter arterial 

chemoembolization (TACE); in stage C, palliative systemic treatment consists of atezolizumab 

plus bevacizumab; and in stage D, best supportive care (BSC) is provided. After curative 

treatment, follow-up CT is performed for five years (254). During palliative treatment with 

TACE and atezolizumab plus bevacizumab, regular CT examinations are performed as follow-

up  (254, 255). After curative treatment, recurrence risk is modelled annually for five years, 

and treatment after recurrence is based on simplified assumptions from previous studies (254, 

256, 257). 

Among patients with decompensated cirrhosis, a proportion become eligible for liver 

transplantation, which is also associated with perioperative mortality risk (201, 258). After 

liver transplantation, patients undergo regular follow-up and receive standard 

immunosuppressive treatment in accordance with Swedish national guidelines (259). After 

liver transplantation, the risk of redeveloping SLD returns to the baseline risk associated with 

diabetes and current alcohol consumption (Figure 4). 

 

Next pages (pages nr 34-36) 

Figure 2: Structure of screening of significant fibrosis in MASLD, MetALD and ALD among 

patients with T2D in primary care. 

Figure 3: Follow-up significant fibrosis and cirrhosis including treatment in MASLD, MetALD and 

ALD. 

Figure 4: HCC surveillance in cirrhosis, HCC treatment and liver transplantation. 

Abbreviations: ALD, Alcohol-associated liver disease; BSC, Best supportive care; CT, computed 

tomography; FIB-4, Fibrosis 4 index; HCC, Hepatocellular carcinoma: kPa, kilopascal: MASLD, 

Metabolic dysfunction-associated steatotic liver disease: MetALD, Metabolic dysfunction and 

alcohol-associated liver disease: PEth, Phosphatidylethanol: TACE; Transcatheter arterial 

chemoembolization; T2D, Type 2 diabetes: VCTE, Vibration-controlled transient elastography: yo; 

Years old. 
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Standard of care 

The current screening and management algorithm was compared with standard of care (SOC), 

defined as two annual diabetes follow-up visits in primary care, incidental detection of HCC, 

and immediate detection of decompensated cirrhosis (201, 210). In patients with HCC or 

decompensated cirrhosis, treatment was assumed to follow the same approach as in the 

screening algorithm. 

Health economic analysis 

To estimate the health care costs and health effects of the screening algorithm, the proposed 
screening strategy was compared with SOC over a lifetime horizon. The different SLD subtypes 

progress at varying rates, but even in ALD, cirrhosis usually takes several decades to develop 

(14, 54, 260). Because the study examines the entire spectrum of SLD, a lifetime horizon was 
considered appropriate. The analysis was conducted from a health care perspective. 

Health effects were measured in QALYs. Health care costs included diagnostics, primary and 
specialist care visits, inpatient care, and treatment. Costs and QALYs were discounted by 3% 

in accordance with TLV recommendations (261). Costs were expressed in EUR, inflation-
adjusted using the consumer price index, and reported in 2026 prices. The results of the 

analysis were presented as an ICER, expressed in EUR/QALY, comparing costs and health 

gains between screening and SOC. NHB was calculated using a threshold value of EUR 
50,000/QALY. In addition, we presented life years gained, the proportions of patients 

developing decompensated cirrhosis, developing HCC, undergoing HCC treatment, 
undergoing liver transplantation, and receiving treatment, as well as 5- to 40-year mortality 
for the screening and SOC alternatives. 

Microsimulation 

To examine costs and health outcomes over time for the screening and management algorithm, 

a microsimulation model of the natural history of SLD was used. The model was implemented 

in Python, and outputs from the simulation formed the basis of the health economic analysis. 

The simulation included a large number of hypothetical individuals, each with unique 

characteristics, and individual disease trajectories were determined by transition probabilities 

and risk factors. In each annual model cycle, each individual had probabilities of developing 

SLD or progressing or regressing between SLD stages depending on baseline status. HCC and 

decompensated cirrhosis could also develop as complications. In addition to T2D- and age-

adjusted mortality risk, individuals also had mortality risks related to SLD severity and 

complications. Each individual’s current health state, together with its associated costs and 

health effects, contributed to accumulated costs and QALYs over the time horizon. 

In addition to T2D with a healthy liver, SLD was modelled using the following stages: MASL 

(simple steatosis), MASH F0 (steatohepatitis without fibrosis), MASH F1 (steatohepatitis with 

mild fibrosis), MASH F2 (steatohepatitis with significant fibrosis), MASH F3 (steatohepatitis 

with advanced fibrosis), and MASH F4 (cirrhosis). HCC stage A could develop from all SLD 

stages and could progress to HCC stages B, C, and D. All HCC stages could also be in 

combination with decompensated cirrhosis.  Decompensated cirrhosis could develop from 

MASH F3 and MASH F4. Alcohol consumption category (low, intermediate, or high) 

determined SLD subtype (MASLD, MetALD, or ALD) once SLD had developed. The risks of 
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developing SLD, MASH F4, HCC, decompensated cirrhosis, and death were adjusted in 

individuals with intermediate or high alcohol consumption (Figure 5) (49, 50). 

 

 

 

 

  

Figure 5: Model structure for MASLD. Equivalent health states for MetALD and ALD. All HCC 

stages could also be in combination with DC. The model also accounts for low probabilities of 

progressing or regressing more than one stage per year. Possibility to progress to death from all 

health states. 

Abbreviations: ALD; Alcohol-associated liver disease, DC; Decompensated cirrhosis, HCC; 

Hepatocellular carcinoma, LT; Liver transplantation, MASH; Metabolic dysfunction-associated 

steatohepatitis, MASL; Metabolic dysfunction-associated steatotic liver, MASLD; Metabolic 

dysfunction-associated steatotic liver disease, MetALD; Metabolic dysfunction and alcohol-

associated liver disease. 
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Model parameters 

- Steatotic liver disease subtypes and alcohol consumption  

The baseline distribution of SLD and healthy liver in the simulation was based on a American 

cross-sectional study published in 2024 (262). In that study, participants were recruited from 

primary care or the general population. Participants were aged 40–75 years and had 

overweight or obesity. Approximately 30% had T2D. Steatosis was assessed using MRI-PDFF, 

and SLD subtypes were defined based on daily alcohol consumption, AUDIT score, or the 

presence of AUD according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition (DSM-5). Based on the occurrence of MASLD and MetALD in the study, the proportion 

of individuals with a healthy liver who had low or intermediate alcohol consumption was 

assumed. Because high alcohol consumption is associated with a very high risk of developing 

simple steatosis, no simulated individual with a healthy liver was assigned high alcohol 

consumption at baseline (46, 263). However, a proportion of individuals could transition to 

high alcohol consumption in each cycle, and this transition probability was estimated from the 

incidence of ALD in the general population in Denmark (109).  

The fibrosis stage distribution was derived from a American general population study 

published in 2025 (218). Approximately 50% of participants had prediabetes or T2D. SLD was 

defined using CAP, and subclassification into SLD subtypes was based on daily alcohol 

consumption. The proportions with F2, F3, and F4 fibrosis were estimated using VCTE. 

Because the distribution from simple steatosis to F1 was not presented for any subtype, this 

distribution was assumed. This assumption was based on the prevalence of MASH among 

patients with T2D reported in a meta-analysis, the prevalence of ASH in ALD reported in a 

systematic review, and the stage distribution used in a previous modelling study of MASLD in 

T2D (Table 2) (195, 217, 264). The proportions of simple steatosis, MASH F0, and MASH F1 

were assumed to be the same in MetALD as in MASLD. 

- Natural history parameters  

The risk of developing MASLD among individuals with low alcohol consumption was obtained 

from a previous modelling study of MASLD in T2D (265). This risk was modified for 

individuals with intermediate alcohol consumption based on a study of the impact of alcohol 

consumption on MASLD (266). All individuals who transitioned to high alcohol consumption 

during a model cycle were assumed to develop simple steatosis (46). The risks of progression 

and regression in the MASLD disease model were obtained from previous modelling studies of 

MASLD and a systematic review of disease progression in MASLD (21, 200, 201, 267). The 

risks of progression and regression in MetALD and ALD were based on MASLD but adjusted 

using estimates for more severe disease states, including MASH F4, decompensated cirrhosis, 

and HCC, obtained from a meta-analysis of longitudinal outcomes in MASLD and MetALD and 

a retrospective cohort study of patients with SLD (49, 50). The risks of progression and 

regression in HCC were obtained from a previous modelling study of HCC and a cohort study 

(268, 269). 
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Table 2: Cohort at baseline 

 Proportions 

Subtype  
MASLD 0.673 
MetALD 0.048 
ALD 0.026 
No liver disease 0.253 
  
SLD stage  
MASL 0.515 
MASH F0 0.046 
MASH F1 0.096 
MASH F2 0.195 
MASH F3 0.074 
MASH F4 0.074 
  
MetALD SS 0.515 
MetALD MASH F0 0.070 
MetALD MASH F1 0.147 
MetALD MASH F2 0.177 
MetALD MASH F3  0.050 
MetALD MASH F4 0.041 
  
ALD SS 0.318 
ASH F0 0.025 
ASH F1 0.053 
ASH F2 0.271 
ASH F3 0.202 
ASH F4  0.132 

 

  

Table 2: Distribution of healthy and SLD subtypes with corresponding stage in cohort at baseline 

Abbreviations: ALD, Alcohol-associated liver disease; ASH, Alcohol-associated steatohepatitis; 

F0-F3, Fibrosis grade 0-3: F4, cirrhosis; MASH, Metabolic dysfunction and alcohol-associated 

steatohepatitis; MASL, Metabolic dysfunction-associated steatotic liver; MASLD, Metabolic 

dysfunction-associated steatotic liver disease; MetALD, Metabolic dysfunction and alcohol-

associated liver disease; SLD, Steatotic liver disease; SS, Simple steatosis. 
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- Mortality 

In the model, mortality was adjusted for age and the presence of T2D. Age-specific mortality 

was obtained from Statistics Sweden, and excess mortality associated with T2D was based on 

a Swedish NDR study comparing patients with T2D with matched controls (270, 271). The age 

distribution of the simulated cohort was derived from 2024 national data on patients with T2D 

in Swedish primary care (272).  Mortality was then further adjusted according to the presence 

and severity of SLD, using estimates from a Swedish MASLD cohort and a previous modelling 

study (201, 273). In MetALD and ALD, mortality was adjusted using estimates from an 

American retrospective cohort study of SLD (Table 3) (50). Mortality in undetected HCC and 

after liver transplantation was obtained from a previous modelling study (201). 

- Tests 

Sensitivity and specificity of FIB-4 for detecting significant fibrosis in MASLD and MetALD 

were obtained from a meta-analysis of FIB-4 performance in MASLD, a Korean retrospective 

cohort study of diagnostic performance in MetALD, and a Danish screening study of SLD in 

the general population and among individuals with risk factors for MASLD and ALD (145, 274, 

275). For ALD, sensitivity and specificity for detecting significant fibrosis were based on the 

same Danish screening study. For advanced fibrosis (including cirrhosis), FIB-4 diagnostic 

performance was obtained from a European cohort study for MASLD and a Danish cohort 

study for MetALD and ALD (Table 3) (78, 140).  

Sensitivity and specificity of VCTE for detecting significant fibrosis in MASLD and MetALD, 

using a threshold of ≥8 kPa, were based on a meta-analysis of fibrosis assessment in chronic 

liver disease and a French cross-sectional study in ALD (159, 276). For cirrhosis, using 

thresholds of ≥8 kPa and ≥15 kPa, cross-sectional data from a European multicentre study 

were used (277). Patients with true cirrhosis who tested false negative using the ≥15 kPa 

threshold were then assessed using the ≥8 kPa threshold; those who tested positive at this 

lower threshold were followed as having significant fibrosis rather than cirrhosis. 

The probability of incidental HCC detection at onset was obtained from a previous modelling 

study (201). Sensitivity and specificity for detecting HCC stage A during cirrhosis surveillance 

were based on a meta-analysis, whereas for HCC stages B–D it was assumed that all cases 

would be detected (278). During follow-up after liver transplantation or curative HCC 

treatment, it was also assumed that all recurrences would be detected, given the close follow-

up. 

- Treatment effects 

The treatment effect of semaglutide in the model was obtained from a global multicentre 

randomised controlled trial (RCT) in patients with biopsy-confirmed MASH F2–F3 (32). 

Semaglutide was assumed to have an effect in MASH F0–F3 (279, 280). During treatment, 

MASH resolution occurred in 28.7% of treated individuals in the model, resulting in a 50% 

reduction in the rate of fibrosis progression. This assumption was based on the RCT and a 

meta-analysis comparing MASL and MASH regarding fibrosis progression (Table 3) (22). 

Additionally, half of the patients that had MASH resolution regressed by one fibrosis stage 

(32). The effect in MetALD was assumed to be the same as in MASLD (54). 
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In the model, brief intervention combined with baclofen treatment for MetALD and ALD was 

assumed to result in long-term abstinence in 70% of treated individuals. This estimate was 

based on an Italian RCT of baclofen treatment in patients with liver cirrhosis and AUD, and a 

Danish study in which lifestyle advice regarding alcohol consumption was provided in 

connection with screening for SLD in the general population (Table 3) (190, 251). The effect 

was considered reasonable given that approximately 50% of patients with alcohol-associated 

cirrhosis become abstinent in the long term according to a meta-analysis (52). In patients who 

became abstinent in the long term, risk of severe disease states and mortality in MetALD and 

ALD were assumed to decrease to the same level as in MASLD, whereas quality of life was 

assumed to increase to the same level as in MASLD. These assumptions were based on results 

from meta-analyses of long-term abstinence in alcohol-associated cirrhosis and the risk of 

developing cirrhosis (52, 281).  

Patients with true cirrhosis who were followed for cirrhosis were assumed to have a lower risk 

of decompensation. This was considered reasonable given the structured care provided, 

including surveillance and treatment of oesophageal varices (201, 252).   

In the model, HCC stage A could be treated curatively with resection/ablation or liver 

transplantation. The proportions undergoing each treatment were simplified based on a 

Swedish registry study and current international guidelines (82, 253). Both treatments were 

associated with perioperative mortality and altered mortality over time. These estimates were 

obtained from a previous modelling study of MASLD/HCC, a French retrospective cohort 

study of survival after liver resection, an American registry study of early mortality after liver 

transplantation, and data from the Swedish national care programme for HCC (201, 254, 257, 

258). The treatments were also associated with a risk of recurrence based on data from the 

Swedish national care programme, the French retrospective cohort study, and a meta-analysis 

of recurrence risk after liver transplantation (256). In the event of recurrence after liver 

transplantation, the patient was treated with BSC. If recurrence occurred after 

resection/ablation, there was a probability of repeat resection/ablation, palliative treatment 

with atezolizumab and bevacizumab, or BSC, based on the Swedish national care programme 

and the French retrospective cohort study (254, 257). 

Treatment choices for HCC stages B–D were palliative and were simplified based on a Swedish 

registry study and current international guidelines (82, 253). In HCC stage B, TACE was given, 

and post-treatment mortality was based on a Swedish registry study (282). In HCC stage C, 

treatment consisted of atezolizumab and bevacizumab, whereas in HCC stage D, treatment 

consisted of BSC. Subsequent mortality for both stages was obtained from a previous modelling 

study of MASLD/HCC (201). All HCC treatment was assumed to be the same and to have the 

same effect regardless of the underlying SLD subtype. In liver transplantation for 

decompensated cirrhosis, perioperative and subsequent mortality were assumed to be the 

same as for liver transplantation for HCC stage A and were based on the same sources (201, 

258). 

- Costs 

Costs in the model were based on the current health state and treatment. Follow-up 

components were based, as far as possible, on current Swedish clinical guidelines (210, 252, 

254, 259). Individual cost estimates were obtained from different sources; for a comprehensive 
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overview, see the Supplementary material and Supplementary figures and tables from Paper 

V. For example, costs for inpatient and outpatient care were estimated using Diagnosis-Related 

Group (DRG) codes from the South-Eastern Health Care Region, whereas costs for laboratory 

tests and diagnostic imaging were derived from current Swedish regional price lists (Table 3) 

(283-285). Drug costs were based on price data from Swedish pharmacies and procurement 

agreements (286-288). 

 

 

Table 3: Selected input parameters  

Parameter  
Alcohol consumption and risk SLD Annual risk 
Low (PEth <0.05 μmol/L) 0.04 
Moderate (PEth 0.05–0.30 μmol/L) 0.07 
High (PEth >0.30 μmol/L) 1.00 
  
Mortality HR 
MASLD 1.0 (reference) 
MetALD 1.08 
ALD 1.42 
  
FIB-4 Sensitivity/specificity  
MASLD SF <65 yo 0.65/0.74 
MASLD SF >65 yo 0.39/0.84 
MASLD AF 0.77/0.70 
  
VCTE Sensitivity/specificity  
MASLD SF (>8 kPa) 0.76/0.73 
MASLD cirrhosis (>15 kPa) 0.67/0.90 
  
Treatment Proportions 
Semaglutide - MASH resolution 0.29 
Semaglutide - Fibrosis regression 0.14 
Baclofen + Brief intervention - Abstinence 0.70 
  
Cost EUR 
FIB-4 22 
VCTE 169 
Semaglutide (annual) 2,600 
Baclofen (annual) 99 
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- Quality of life  

In the model, age-specific quality-of-life weights were obtained from a study of the general 

Swedish population (289). Because all simulated individuals had T2D, these weights were 

further adjusted based on data from a previous modelling study of MASLD (267). Health-state-

specific quality-of-life weights were obtained from a previous modelling study of MASLD and 

were assumed to be the same in MetALD and ALD (201). An additional adjustment was applied 

for high alcohol consumption based on a American study of quality of life in AUD (290). 

Quality-of-life weights for undetected HCC, HCC treatment, and the post-liver-transplantation 

state were obtained from a previous modelling study of MASLD and were assumed to be the 

same regardless of the underlying SLD subtype (201). In the model, we assumed that screening 

or follow-up itself, as well as treatment with semaglutide, baclofen, or brief intervention, did 

not affect quality of life. Previous RCTs of semaglutide and baclofen have not shown adverse 

effects on quality of life (291, 292). A previous study of quality of life in patients screened for 

MASLD found predominantly positive effects of screening (222). 

Analysis 

The simulated cohort included 28,109 hypothetical individuals, corresponding to one-tenth of 

the Swedish adult primary care population aged 35–75 years with T2D (272). In the base-case 

analysis, 5,000 model simulations were performed, with values sampled from the probability 

distributions assigned to model parameters, as described in the section on probabilistic 

sensitivity analysis. Outcomes from the base-case analysis are presented as means across these 

simulations. Cost-effectiveness outcomes for the screening and SOC alternatives are presented 

as mean values per individual. Outcomes for specific SLD subtypes and for individuals without 

SLD were based on classification at death or at the end of the 60-year simulation horizon, and 

this approach was applied in both base-case and sensitivity analyses. 

- One-way sensitivity analyses 

To examine how individual parameters affected the ICER, one-way sensitivity analyses were 

performed. In each analysis, 500 simulations were conducted to limit computational demand, 

and results were presented as mean values. The following analyses were performed: 

- Exclusion of FIB-4 and direct use of VCTE: 

FIB-4 has been questioned as a screening tool in ALD (275, 293, 294). VCTE has been 

used in screening studies in T2D but has also been questioned (163). In this analysis, 

VCTE was used instead of FIB-4 every third year. 

Previous page (page nr43) 

Table 3: Selected input parameters 

Abbreviations: AF, Advanced fibrosis; ALD, Alcohol-associated liver disease; FIB-4, Fibrosis 4 

index; kPa, Kilopascal; MASH, Metabolic dysfunction-associated steatohepatitis; MASLD, 

Metabolic dysfunction-associated steatotic liver disease; MetALD, Metabolic dysfunction and 

alcohol-associated liver disease; PEth, Phosphatidylethanol; SF, Significant fibrosis; VCTE, 

Vibration-controlled transient elastography. 
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- Adjustment of F0–F3 progression rates by SLD subtype: 

In recent years, prognostic data for MASLD have been questioned (44). Studies have 

shown that even moderate alcohol consumption in MASLD increases the risk of severe 

liver disease (266). An unexpectedly high proportion of patients initially classified as 

having MASLD later develop ALD or AUD (62). When objective measures of alcohol 

consumption are used, the proportion with MetALD and ALD increases significantly in 

SLD cohorts (62, 68). In view of these concerns, fibrosis progression rates were lowered 

by 25% for MASLD, increased by 25% for MetALD, and increased by 50% for ALD in 

the analysis. 

 

- Modification of baseline SLD subtype and alcohol consumption distributions based on 

PEth in the general population: 

This analysis was performed to further examine the effect of underreported alcohol 

consumption (62, 68). The baseline proportions of MASLD, MetALD, and ALD were 

adjusted according to the PEth distribution observed in the general Norwegian 

population, in which 70% had low, 25% intermediate, and 5% high alcohol 

consumption (295). The proportions with low or intermediate alcohol consumption 

among those with a healthy liver were also adjusted. 

 

- Adjustment of the treatment effect of semaglutide in MASLD and MetALD: 

To examine the effect of semaglutide, the effect on fibrosis regression was either 

removed or doubled in two separate analyses. 

 

- Adjustment of the treatment effect of baclofen on long-term abstinence: 

The effect of baclofen was obtained from a small RCT with short follow-up, and its long-

term effect is uncertain (251, 296). Three scenario analyses were conducted in which 

the assumed effect of baclofen on long-term abstinence was varied: no effect, long-term 

abstinence in 25% of treated individuals, and long-term abstinence in 50% of treated 

individuals. 

 

- Probabilistic sensitivity analysis 

To perform the PSA, probability distributions were assigned to variables for which measures 

of dispersion were available. Variables lacking measures of dispersion were used 

deterministically. The beta distribution was used for most parameters throughout the analysis. 

Probability distributions were parameterised using the method of moments when the mean 

and measure of dispersion suggested a symmetric distribution. Using this method, the shape 

parameters of the beta distribution, α and β, can be calculated from the mean and variance. If 

the relationship between the mean and measure of dispersion suggested asymmetry, the beta 

distribution was parameterised using numerical optimisation. In this approach, different 

combinations of α and β values are tested to identify the beta distribution that best matches 

the specified mean and measure of dispersion. The PSA was performed by sampling from the 

probability distributions assigned to the model parameters, and 5,000 individual simulations 

were performed. The resulting 5,000 paired incremental costs and health effects were then 

plotted in the cost-effectiveness plane with a threshold line of EUR 50,000/QALY to visualise 

the proportion of simulations indicating cost-effectiveness. 
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- Validity 

To assess model validity, model outputs were compared with data from EPSOMIP. The 

baseline distribution of SLD subtypes and alcohol consumption in the model was compared 

with corresponding distributions in the EPSOMIP cohort. In the EPSOMIP cohort, steatosis 

was defined as described above, but data from participants excluded because of harmful 

alcohol use were also included in this comparison. SLD subtypes were defined using previously 

proposed PEth thresholds (69). The first step of the screening algorithm, FIB-4, was evaluated 

using FIB-4, VCTE and PEth data from the EPSOMIP cohort. Sensitivity, specificity, PPV, and 

NPV were calculated for significant fibrosis and cirrhosis as a combined outcome 

 

Statistical methods Paper I-IV 

Descriptive statistics 

Throughout the papers, normally distributed continuous variables are presented as means 

with standard deviations, whereas non-normally distributed continuous variables are 

presented as medians with interquartile ranges (IQRs). In Paper I, the Kolmogorov–Smirnov 

test was used to assess whether variables were normally distributed. Categorical data are 

presented as numbers and percentages. When data were missing in pairwise comparisons, 

pairwise exclusion was applied without imputation. 

Hypothesis testing and group comparisons 

For normally distributed continuous variables, the independent-samples Student’s t-test was 

used for comparisons between two groups. For skewed distributions, the Mann–Whitney U 

test was used for comparisons between two groups, including comparisons of ordinal variables. 

For comparisons between more than two groups, the Kruskal–Wallis test was used for non-

normally distributed continuous variables. When p <0.10, Mann–Whitney U tests were 

performed between individual groups. For categorical data, the chi-square test was used, or 

Fisher’s exact test when group sizes were small. When p <0.10, chi-square tests were 

performed between individual groups. 

Regression analysis and modelling 

Univariate and multivariate binary logistic regression analyses were performed to examine 

associations and identify independent predictors of clinical outcomes. Variables were first 

explored in univariate analyses, resulting in crude odds ratios (cORs), and selected variables 

were then added stepwise in multivariate analyses to calculate adjusted odds ratios (aORs). In 

Paper II, collinearity diagnostics were performed using the variance inflation factor (VIF) to 

exclude problematic multicollinearity in the adjusted models. To identify variables suitable for 

inclusion in multivariate regression analysis and to examine potential biasing paths, a directed 

acyclic graph (DAG) was constructed in Paper II. 
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Diagnostic performance 

In Paper III, the performance of activin A as a biomarker for advanced fibrosis in MASLD was 

explored using receiver operating characteristic (ROC) curves. The biomarker’s sensitivity and 

specificity at different thresholds were visualised in a curve, and the area under the receiver 

operating characteristic curve (AUROC) was calculated to quantify the diagnostic ability of 

activin A to classify advanced fibrosis. The AUROC was also calculated for FIB-4 to enable 

comparison between activin A and FIB-4. 

Software and significance level 

Statistical analyses were performed using IBM SPSS Statistics versions 26 and 29 (IBM Corp., 

Armonk, NY, USA) and Microsoft Excel (Microsoft, Redmond, WA, USA). Graphs were 

constructed using these programs and GraphPad Prism version 9.1.2 (GraphPad Software, 

Boston, MA, USA). The DAG was constructed using the web-based tool DAGitty 

(www.dagitty.net, Radboud University, Nijmegen, The Netherlands). In all papers, the 

statistical significance level was set at a two-sided p-value of 0.05. 
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Ethical considerations 

 

Paper I 

In Paper I, a retrospective medical record review was conducted in which sensitive personal 

data were collected. When participants were included, they were assigned a study number. The 

study number could be linked to the participant’s personal identity number using a separate 

code key, which was stored in paper form in a locked safe accessible only to authorised persons. 

All participant data were pseudonymised after collection and analysed at group level. The study 

was approved by the Regional Ethical Review Board in Linköping (registration number: 

2018/365–31). 

However, participants were not asked whether they wished to participate in the study, which 

raises ethical concerns despite approval by the ethics board. Another ethical aspect is that 

many cases of steatosis were noted in radiology reports, and in most cases the medical record 

contained no information indicating that this had led to further action. Some of these 

participants may have benefited from further evaluation of steatosis. A similar issue applies to 

the calculated algorithms for advanced fibrosis. High FIB-4 values, for example, would usually 

lead to further investigation in specialist care in clinical practice. Contacting participants to 

inform them about previously unaddressed steatosis and an increased risk of advanced liver 

disease according to FIB-4 would also raise ethical concerns. Participants had not been asked 

to participate or given informed consent, and information about possible disease could cause 

anxiety and may not have been information they wished to receive. Furthermore, direct contact 

with participants in the event of potentially serious findings had not been discussed in the 

ethics application. 

 

Papers II and IV 

These papers are based on the EPSOMIP study, a prospective cohort study in which patients 

were included from primary care. EPSOMIP was conducted in accordance with the ethical 

principles of the Declaration of Helsinki. Before the study was conducted, the study protocol 

had been published, and the study had been registered as a clinical trial at ClinicalTrials.gov 

(NCT03864510) (238). The EPSOMIP study was approved by the Regional Ethical Review 

Board in Östergötland (2018/176-31 and 2018/494-32). 

At inclusion, participants received oral and written information about the study. It was clearly 

stated that participation was voluntary and that participants could withdraw from the study at 

any time without giving a reason. Participants were given the opportunity to ask questions 

about the study design and what participation would entail. They then provided written 

informed consent to participate in the study. At inclusion, each participant was assigned a 

study number. The study number could be linked to the personal identity number using a 

separate code key, which was stored in paper form in a locked safe accessible only to authorised 

persons. All participant data were pseudonymised after collection and analysed at group level. 
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The likely knowledge gains from EPSOMIP were considered to outweigh the risks to study 

participants. Blood sampling causes minimal discomfort in most cases, and the amount of 

blood drawn, 90 mL, is a negligible volume. MRI and VCTE are harmless methods if the 

exclusion criteria are followed. Participants with signs of advanced fibrosis were offered liver 

biopsy, which was the most invasive procedure in the study and is associated with a risk of 

complications. However, when standard clinical routines are followed, complications are very 

rare. Liver biopsy was offered only to participants who would have had a clinical indication for 

the procedure in routine care, and undergoing biopsy was not required for study participation. 

No complications occurred among the few participants who underwent liver biopsy in the 

study. 

In Paper II, a medical record review was conducted. Reviewing participants’ medical records 

may constitute an intrusion into privacy, but at inclusion, participants consented to the 

research group accessing their medical records. 

For individual participants in EPSOMIP, there were potential benefits in the form of possible 

detection of MASLD and its complications, as well as other diseases. Participants in whom 

simple steatosis was detected could gain increased motivation for lifestyle changes, which may 

improve the disease and reduce the risk of complications. Participants who already had severe 

liver disease were given the opportunity for follow-up and, if needed, treatment. Participants 

without MASLD probably gained increased awareness and knowledge of MASLD, which may 

lead to greater motivation for lifestyle changes. The project may also have increased knowledge 

and awareness of MASLD at the participating primary care centres. 

 

Paper III 

The analysis was based on previously collected data and biobanked samples. In the original 

study, written informed consent was obtained from all participants, and the study was 

conducted in accordance with the Declaration of Helsinki and approved by the Regional Ethical 

Review Board in Linköping, Sweden (reference number 2002-454) (4). Measurement of 

activin A currently has no established clinical significance, and the results were therefore not 

expected to affect participants’ clinical management. 

 

Paper V 

No new participant-level data were collected for this study, and no participants were recruited. 

The model was based on data from multiple previous studies with ethical approval and 

published in peer-reviewed sources. Published and unpublished EPSOMIP data were used for 

validation. Ethical considerations related to the use of EPSOMIP data are described above. 
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Results 

 

Paper I 

After application of the exclusion criteria, a total of 350 participants were included. Among 

participants, 44% were women, median age was 71 years (IQR 17), and median BMI was 28.9 

kg/m² (IQR 6.4). The median duration of T2D was 9 years (IQR 9), and 83% were receiving 

pharmacological treatment for T2D. 

The number of participants for whom steatosis algorithms could be calculated ranged from 7 

for NAFLD-LFS to 175 for HSI. The proportion classified as having intermediate to high risk 

of steatosis ranged from approximately 70% for NAFLD-LFS to 95% for the other steatosis 

algorithms (HSI, FLI, and NAFLD Ridge Score) (Figure 6). In total, at least one steatosis 

algorithm could be calculated for 220 participants. Of these, 89% were classified as high risk, 

9% as intermediate risk, and 2% as low risk of steatosis in at least one algorithm. Agreement 

between the steatosis algorithms, among the 125 participants who could be assessed using two 

or three algorithms, was 65–70%. 

For advanced fibrosis algorithms, 134 participants could be assessed using NFS and 190 using 

FIB-4, and the proportion classified as having intermediate to high risk of advanced fibrosis 

ranged from 29% for FIB-4 to 64% for NFS (Figure 6). In total, at least one advanced fibrosis 

algorithm could be calculated for 191 participants. Of these, 22% were classified as high risk, 

34% as intermediate risk, and 44% as low risk of advanced fibrosis in at least one algorithm. 

Agreement between the advanced fibrosis algorithms, among the 132 participants who could 

be assessed using both algorithms, was 45%. 

Among the 132 participants who had undergone diagnostic imaging including the liver, 34 

(26%) had signs of steatosis. This finding was documented in the medical record in 18 cases 

(53%), and in 4 of these, some form of further action had been taken because of suspected 

steatosis (Figure 7). 

To estimate the proportion that would require further assessment in specialist care if 

algorithms were used for primary care screening, HSI and FIB-4 were combined. Participants 

at high risk of steatosis according to HSI were further assessed using FIB-4, and those 

classified as having intermediate to high risk of advanced fibrosis were considered eligible for 

referral. This approach resulted in 15% of the total number of assessable participants being 

referred to specialist care, corresponding to 22% of those at high risk of steatosis according to 

HSI. 

Participants classified as having intermediate to high risk of advanced fibrosis by at least one 

algorithm were compared with those consistently classified as low risk across all algorithms. 

The intermediate-to-high-risk group had significantly higher weight, waist-to-height ratio, and 

GGT levels, and higher proportions had hypertension, arrhythmias, angina pectoris, and 

malignancy. Among women, those with intermediate to high risk had significantly larger waist 

circumference than those at low risk (Table 4). 
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Figure 6: Number of assessable participants and risk category according to steatosis and advanced 

fibrosis algorithms (HIS, FLI, NAFLD Ridge Score, FIB-4 and NFS). Steatosis algorithm NAFLD-

LFS excluded due to low number of assessable participants (n=7) 

Abbreviations: FIB-4, Fibrosis 4 Index; FLI, Fatty Liver Index; HSI, Hepatic Steatosis index; 

NAFLD, Non-alcoholic fatty liver disease; NAFLD-LFS, NAFLD Liver Fat Score; NFS, NAFLD 

Fibrosis Score. 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

HSI n=175 FLI n=31 NAFLD Ridge
Score n=165

FIB-4 n=190 NFS n=134

Low Intermediate High



 

53 
 

  

34

18

4

0

5

10

15

20

25

30

35

40

Steatosis Notes in medical charts Intervention

Figure 7: Results of liver imaging and subsequent clinical management among participants with 

imaging-confirmed steatosis. Overall, 132 participants (38%) had undergone liver imaging, and 

steatosis was detected in 34 (26%) of assessable participants. 
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Table 4: Baseline characteristics by fibrosis risk category  
High/Intermediate Low p 

N 106 85  

Age 74 (21) 72 (13) 0.538 

Sex (women) 44 (42 %) 39 (46 %) 0.545 

Waist circumference (cm)     

- Women  109 (15) 99 (14) 0.014 

- Men 107 (17) 99 (18) 0.096 

Weight (kg) 89 (19.9) 79 (22.2) 0.022 

Waist-to-height-ratio 0.63 (0.08) 0.58 (0.08) 0.021 

    

GGT (µkat/L)  0.85 (0.86) 0.50 (0.62) 0.002 

Cholesterol (mmol/L) 4.4 (1.3) 3.9 (1.1) 0.628 

LDL-Cholesterol (mmol/L) 2.4 (1.0) 2.2 (0.6) 0.613 

Triglycerides (mmol/L) 1.5 (0.9) 1.3 (0.8) 0.065 

Creatinine (µmol/L) 89 (41) 80 (24) 0.066 

    

Diabetes duration (years) 10 (10) 9 (9) 0.875 

Diabetes treatment    

- Nonpharmacological  21 (20%) 10 (12%) 0.134 

- Oral antidiabetic  67 (64%) 62 (73%) 0.180 

- Insulin  40 (38%) 32 (38%) 0.990 

Presence of retinopathy 43 (41%) 30 (35%) 0.384 

    

Hypertension 101 (95%) 63 (74%) <0.001 

Heart failure 19 (18%) 8 (9%) 0.093 

Cardiac arrhythmia 34 (32%) 12 (14%) 0.004 

Angina pectoris 26 (25%) 11 (13%) 0.044 

Malignancy 31 (29%) 14 (16%) 0.039 

Table 4: Baseline characteristics by fibrosis risk category. Fibrosis risk was assessed using FIB-4 or 

NFS in all participants with known steatosis or intermediate to high risk for steatosis in algorithms. 

Continuous variables are presented as median (IQR) and compared using the Mann–Whitney U 

test. Categorical variables are presented as n (%) and compared using the chi-square test. 

Significance level p < 0.05. Bold values indicate significant differences. 

Abbreviations: GGT, gamma-glutamyl transferase; FIB-4, Fibrosis 4 Index; NFS, NAFLD Fibrosis 

Score; LDL, low-density lipoprotein 
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Paper II  

A total of 308 participants were included in the cohort. In total, 181 (59%) had MASLD, and 

7% of the total cohort (11% of those with MASLD) had suspected advanced fibrosis. The median 

duration of T2D in the entire cohort was 7 years (IQR 10). Overall, 151 participants (49%) had 

one or more microvascular diabetes complications, 64 (20%) had neuropathy, 60 (19%) had 

retinopathy of any grade, and 59 (19%) had chronic kidney disease (CKD). Diabetic foot ulcers 

were uncommon, occurring in 13 participants (4%) (Figure 8). 

There were no significant differences in the prevalence of neuropathy, retinopathy, 

albuminuria, reduced MDRD-estimated GFR, CKD, diabetic foot ulcers, or a composite of all 

complications when comparing participants without MASLD, those with simple steatosis, and 

those with advanced fibrosis (Table 5). There were no significant differences in ¹H-MRS-PDFF 

or VCTE-derived LSM between participants with and without one or more microvascular 

diabetes complications. However, CAP was significantly higher among participants with one 

or more microvascular diabetes complications than among those without such complications 

(287 ± 61 vs 272 ± 64; p=0.046). In binary logistic regression, MASLD, defined as simple 

steatosis or advanced fibrosis, was not associated with the presence of any microvascular 

diabetes complication. In the same analysis, higher age (aOR 1.05, 95% CI 1.01–1.08) and 

longer duration of T2D (aOR 1.08, 95% CI 1.03–1.13) were associated with the presence of 

complications. 

In total, 23 participants underwent liver biopsy, of whom 5 had advanced fibrosis. MASH was 

present in 4 biopsies. Among biopsied participants, Kleiner fibrosis stage differed significantly 

between those with and without one or more microvascular diabetes complications, with a 

higher fibrosis stage among participants with complications (median 2.0 [IQR 1] vs 0.5 [IQR 

1]; p=0.008). In binary logistic regression analysis, Kleiner fibrosis stage at biopsy was 

associated with the presence of any microvascular diabetes complication both before and after 

adjustment for age and sex (aOR 3.68, 95% CI 1.12–12.06). Across all regression analyses, VIF 

values ranged from 1.003 to 1.360, indicating no evidence of problematic multicollinearity. 

Next page (page nr 56) 

Figure 8: STROBE flow diagram of participants with type 2 diabetes, stratified by MASLD status 

and prevalent microvascular complications. A total of 308 participants were included in the study, 

of whom 151 had at least one microvascular complication. 

Abbreviations: CAP, controlled attenuation parameter; MASLD, metabolic dysfunction-

associated steatotic liver disease; MRI, magnetic resonance imaging; PDFF, proton density fat 

fraction; wk, week. 
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Table 5: T2D characteristics of participants 

 
Non-MASLD Simple 

steatosis 
Advanced 

fibrosis 
p 

N  127 161 20 
 

Duration (years) 7 (IQR 3-13) 7 (IQR 3-12) 5 (IQR 2-11) n.s. 
HbA1c (mmol/mol)  48 (IQR 43-54) 50 (IQR 46-58) 51 (IQR 44-59) 0.021 
Current T2D treatment 

    

Pharmacological treatment 110 (87%) 133 (83%) 18 (90%) n.s. 

Metformin 93 (73%) 126 (79%) 16 (80%) n.s. 

Pioglitazon 1 (1%) 0 (0%) 0 (0%) n.s. 

DPP4 inhibitors 3 (3%) 2 (1%) 0 (0%) n.s. 

Insulin 23 (19%) 37 (24%) 5 (25%) n.s. 

Sulfonylurea 12 (10%) 14 (9%) 1 (5%) n.s. 

GLP-1 RAs 5 (4%) 13 (8%) 1 (5%) n.s. 

SGLT2 inhibitors  35 (29%) 41 (26%) 10 (50%) n.s. 

Microvascular 
complications 

    

Neuropathy 29 (23%) 31 (20%) 4 (20%) n.s. 

Retinopathy 27 (22%) 27 (17%) 6 (32%) n.s. 

Albuminuria 19 (15%) 30 (20%) 4 (20%) n.s. 

MDRD GFR<60 8 (6%) 6 (4%) 2 (10%) n.s. 

Albuminuria or MDRD 
GFR<60 

22 (17%) 31 (20%) 6 (30%) n.s. 

Foot ulcers 4 (3%) 9 (6%) 0 (0%) n.s. 

Any microvascular 
complication 

62 (49%) 76 (48%) 13 (65%) n.s. 

Table 5: Characteristics related to T2D in participants with non-MASLD and MASLD (subdivided 

into simple steatosis and advanced fibrosis). For categorical variables, data are presented as the 

number of participants (percentage). For continuous variables, data are presented as median (IQR 

with interquartile range). Overall p-values were calculated to compare differences between groups. 

For categorical variables, comparisons were made using Fisher’s exact test. For continuous 

variables, the Kruskal–Wallias test was used. Significance level p < 0.05. Bold values indicate 

statistically significant differences. 

Abbreviations: DDP4, dipeptidyl peptidase 4; GFR, glomerular filtration rate; GLP-1RAs, 

glucagon-like peptide-1 receptor agonists; HbA1c, hemoglobin A1c; MASLD, metabolic dysfunction-

associated steatotic liver disease; MDRD, modification of diet in renal disease; n.s., not significant; 

SGLT2, sodium-glucose cotransporter-2; T2D, type 2 diabetes. 
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Paper III 

In total, plasma samples from 41 participants with MASLD were analysed. The mean age was 

69 years, and the mean BMI was 28.1 kg/m². Seventy-seven per cent of participants were men, 

and 66% had T2D. Advanced fibrosis was present on liver biopsy in 11 participants (27%). In 

the analysis of PNPLA3 alleles, 15 participants were wild type, 18 were heterozygous C/G and 

five were homozygous G/G. Plasma activin A levels were significantly higher in participants 

with advanced fibrosis on liver biopsy (p<0.001). No significant differences in activin A levels 

were observed across different grades of steatosis, lobular inflammation or hepatocellular 

ballooning on liver biopsy. However, activin A levels differed significantly between PNPLA3 

wild type and C/G compared with G/G, with higher levels observed in the G/G group (p<0.05) 

(Figure 9). In univariate and multivariate logistic regression analyses with selected covariates, 

only activin A level was significantly associated with the presence of advanced fibrosis on liver 

biopsy, both in crude and adjusted analyses (p=0.003) (Table 6). To examine the diagnostic 

performance of activin A, it was compared with FIB-4 for classification of advanced fibrosis on 

liver biopsy. The AUROC was 0.836 for activin A and 0.839 for FIB-4, indicating high 

diagnostic accuracy for both tests (Figure 9). 

 

 

 

Table 6: Univariate and multivariate logistic regression analysis. Evaluation of 

predictors of advanced fibrosis in MASLD. 

 Model 1  Model 2 

Variable cOR 95 % CI p  aOR 95 % CI p 

Activin A 1.011 1.004-1.019 0.003 
 

1.021 1.007-1.035 0.003 

PNLPA3 (G/G) 0.781 0.076-8.041 0.836 
 

0.120 0.002-8.153 0.324 

Gender (male) 0.812 0.168-3.915 0.795 
 

4.903 0.246-97.687 0.298 

Age (years) 1.046 0.973-1.125 0.220 
 

0.220 0.801-1.039 0.166 

BMI (kg/m2) 0.982 0.841-1.146 0.813 
 

1.214 0.828-1.781 0.321 

T2D 1.778 0.391-8.085 0.457 
 

2.438 0.186-30.568 0.504 

Table 6: Predictors of advanced fibrosis in MASLD were evaluated using univariate and 

multivariate logistic regression analyses. Model 1 represents the crude, unadjusted associations, and 

Model 2 includes adjustment for all variables entered in the univariate analyses. Significance level p 

< 0.05. Bold values indicate significant differences. 

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; cOR, crude odds ratio; MASLD, 

metabolic dysfunction-associated steatotic liver disease; PNPLA3, patatin-like phospholipase 

domain-containing protein 3; T2D, type 2 diabetes; 95 % Cl, 95% confidence interval. 
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Paper IV 

Of the 345 invited participants, 37 were excluded because exclusion criteria emerged or 

consent was withdrawn (Figure 10). Among the 308 included participants, 114 (37%) were 

women and the mean age was 63.9 years (± 8.1). The mean duration of T2D was 8.7 years (± 

6.8), mean HbA1c was 51.8 mmol/mol (± 11.6), and mean BMI was 29.5 kg/m² (± 4.6). ¹H-

MRS-PDFF was available for 282 participants, and 154 of these had ¹H-MRS-PDFF ≥5%. 

Twenty-six participants did not undergo ¹H-MRS/MRI, and in these cases the presence of 

steatosis was based on CAP (CAP ≥248 dB/m). Of these, 25 of 26 were classified as having 

steatosis according to CAP. Two participants had suspected advanced fibrosis according to 

VCTE (≥10 kPa) in combination with PDFF <5% but were nevertheless assessed as having 

MASLD. Overall, 181 of 308 participants (59%) were assessed as having MASLD (Table 7). 

When participants with and without MASLD were compared, MASLD was clearly associated 

with obesity and abdominal obesity. Participants with MASLD had significantly higher BMI, a 

higher prevalence of obesity, larger waist circumference, and higher waist-to-hip ratio. Liver 

enzyme levels were significantly higher in participants with MASLD than in those without 

MASLD. Markers of insulin resistance were also significantly higher among participants with 

MASLD, including fasting glucose, HbA1c, insulin, C-peptide, homeostatic model assessment 

of insulin resistance (HOMA-IR), and triglycerides (Table 7). 

In total, 20 participants (7%) had suspected advanced fibrosis according to VCTE (≥10 kPa). 

In univariable logistic regression analysis, higher BMI, AST, ALT, GGT, fasting insulin, 

HOMA-IR, C-peptide and ASAT were associated with suspected advanced fibrosis. In 

multivariable analysis adjusted for age and sex, all predictors remained significant. However, 

when additional predictors with p<0.1 in univariable analyses were added to the model, after 

Previous page (page nr 59) 

Figure 9: Circulating plasma levels of activin A in participants according to the (a) fibrosis stage, 

(b) steatosis grade, (c) ballooning grade and (d) lobular inflammation grade. (e) Circulating plasma 

levels of activin A in participants with PNPLA3 wild type (w.t) or heterozygote C/G allele compared 

to participants with the homozygote G/G allele (n = 5). Data are presented as individual values and 

medians. Between group comparison using Mann-Whitney U-test or Kruskal-Wallis test. (f) ROC 

curve demonstrating the performance of FIB-4 and activin A in detecting the presence of advanced 

fibrosis. Activin A AUROC = 0.836 and FIB-4 AUROC = 0.839. Significance level p < 0.05. 

* for p < 0.05, *** for p < 0.001. 

Abbreviations: Area under the receiver operating characteristic curve, AUROC; FIB-4, Fibosis-4; 

Patatin-like phospholipase domain-containing protein 3, PNPLA3; Receiver operating 

characteristic, ROC. 

Figure originally by Activin A levels in metabolic dysfunction-associated steatotic liver disease 

associates with fibrosis and the PNPLA3 I148M variant. Jönsson, C. et al. 2024. Scandinavian 

Journal of Gastroenterology, 59(6), 737–741. (https://doi.org/10.1080/00365521.2024.2334804). 

Licensed under CC BY 4.0.  (297) 
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excluding variables with substantial collinearity, only obesity and AST remained significant 

predictors of suspected advanced fibrosis. Among participants with MASLD, 11% had 

suspected advanced fibrosis, and when participants with MASLD and suspected advanced 

fibrosis were compared with those with simple steatosis, the former group had significantly 

higher BMI, a higher prevalence of obesity, larger waist circumference, and higher AST and 

GGT (Table 8). 

When body composition data were compared between participants without MASLD, those 

with MASLD and simple steatosis, and those with MASLD and suspected advanced fibrosis, 

there were significant differences in ASAT and VAT, with lower volumes in participants 

without MASLD. Sex-adjusted MFI differed significantly between groups, with higher MFI in 

participants with MASLD and simple steatosis compared with participants without MASLD. 

No significant differences were observed in FFMV z-score or the presence of AMC between 

groups (Table 8). 

When cardiac MRI data (n=211) were compared between participants without MASLD, those 

with MASLD and simple steatosis, and those with MASLD and suspected advanced fibrosis, 

significant between-group differences were observed in left ventricular (LV) stroke volume 

index, LV mass index, LV concentricity, and LV end-diastolic volume. Details are shown in 

Table 8. 

Participants with obesity had a significantly higher prevalence of MASLD than those without 

obesity (81% vs 42%; p<0.001), as well as a higher prevalence of MASLD with suspected 

advanced fibrosis (13% vs 2%; p<0.001). MASLD was also significantly more common among 

participants with overweight than among those with normal weight (22% vs 5%; p<0.001) 

(Figure 11). 

PEth values and VCTE-derived LSM were available for 300 participants. Of these, 76% had low 

or undetectable PEth (<0.05 µmol/L), 20% had moderately elevated PEth (0.05–0.30 

µmol/L), and 5% had markedly elevated PEth (>0.30 µmol/L). The proportion of participants 

with elevated PEth did not differ significantly between those with and without suspected 

advanced fibrosis. 
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Figure 10: Flow chart of inclusion and exclusion of participants. 

Abbreviations: Controlled attenuated parameter, CAP; Magnetic resonance imaging, MRI; Proton 

density fat fraction, PDFF. 

Figure originally by Evaluating the prevalence and severity of metabolic dysfunction-associated 

steatotic liver disease in patients with type 2 diabetes mellitus in primary care. Balkhed, W. et. 2025. 
J Intern Med. 2025; 298: 173–187. (https://doi.org/10.1111/joim.20103) Licensed under CC BY 4.0. 

(250) 
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Next pages (pages nr 64-65) 

Table 7: Characteristics of all included participants and divided into MASLD and non-MASLD. 

Parameters are expressed as mean (±SD) or n (%). P-values are calculated comparing MASLD with 

non-MASLD groups. Continuous variables were tested using Mann-Whitney U-test and categorical 

variables using Chi-square test.  Significance level p < 0.05. Bold values indicate significant 

differences. a n=299, b n=240 and c n=234.  

Table 8: Characteristics of non-MASLD, MASLD with simple steatosis and MASLD with suspected 

advanced fibrosis. Parameters are presented as mean (±SD) or n (%). Continuous variables were 

compared using the Kruskal–Wallis test, followed by pairwise comparisons with Mann–Whitney U 

test. Categorical variables were compared using the chi-square test, with the same test used for 

pairwise comparisons. Overall p value reported. If p < 0.10, pairwise comparisons were performed. 

The significance level was set at p < 0.05. Bold values indicate statistically significant differences. a 

n = 295, b n = 238, c n = 233. 

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMC, adverse muscle 

composition; ASAT, abdominal subcutaneous adipose tissue; AST, aspartate aminotransferase; 

BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; CVD, cardiovascular disease; 

FFMV, fat-free muscle volume; FIB-4, fibrosis-4; GGT, gamma-glutamyl transferase; HbA1c, 

glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of 

insulin resistance; hsCRP, high-sensitivity C-reactive protein; INR, international normalized ratio; 

LDL, low-density lipoprotein; LV, left ventricular; LVEDVi, left ventricular end-diastolic volume 

index; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; LVSV, left ventricular 

stroke volume; MASLD, metabolic dysfunction-associated steatotic liver disease; MFI, muscle fat 

infiltration; MRI, magnetic resonance imaging; NFS, NAFLD fibrosis score; PDFF, proton density 

fat fraction; SD, standard deviation; T2D, type 2 diabetes; VAT, visceral adipose tissue; VCTE, 

vibration-controlled transient elastography. 
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Table 7: Characteristics of MASLD and non-MASLD participants 
Parameter All Non-MASLD MASLD p 

N 308 127 181  
     
Demographic and clinical     
Sex (women) 114 (37%) 47 (37%) 67 (37%) .399 
Age (yrs) 63.9 ± 8.1 64.3 ± 7.7 63.5 ± 8.3 .451 
Time since T2D diagnosis (yrs) 8.7 ± 6.8 8.8 ± 7.0 8.5 ± 6.7 .839 
BMI (kg/m2) 29.5 ± 4.6 27.4 ± 4.1 31.1 ± 4.4 <.001 
    Overweight (25-30 kg/m2) 121 (39%) 60 (48%) 61 (34%) .014 
    Obesity (≥ 30 kg/m2) 135 (44%) 26 (21%) 109 (60%) <.001 
Waist circumference (cm) 105.6 ± 12.6 99.8 ± 11.8 109.7 ± 11.6 <.001 
Waist to hip ratio 1.0 ± 0.1 0.97 ± 0.08 1.01 ± 0.07 <.001 
Alcohol (g/w) 28.7 ± 34.1 25.6 ± 29.0 31.0 ± 37.2 .539 
Hypertension 202 (66%) 77 (61%) 125 (69%) .125 
    Systolic BP (mm Hg) 131.5 ± 15.1 130.8 ± 15.0 131.9 ± 15.2 .378 
    Diastolic BP (mm Hg) 78.5 ± 10.7 77.3 ± 9.8 79.5 ± 11.3 .099 
Manifest CVD 74 (24%) 29 (23%) 45 (25%) .991 
Dyslipidaemia 244 (79%) 103 (81%) 141 (78%) .495 
Metabolic syndrome a 276 (92%) 112 (90%) 164 (94%) .370 
Glucose lowering therapy      
   Lifestyle modification 30 (10%) 13 (10%) 17 (9%) .941 
   Oral medication 213 (69%) 91 (72%) 122 (67%) .427 
   Insulin treatment  65 (21%) 23 (18%) 42 (23%) .281 
   Combination therapy 120 (39%) 44 (35%) 76 (42%) .193 
Statins 226 (73%) 99 (78%) 127 (70%) .128 
     
Biochemical     
INR 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.1 .007 
Platelet count (109/L) 230.0 ± 56.8 229.6 ± 54.5 230.3 ± 58.5 .892 
AST (U/L) 25.3 ± 7.9 23.6 ± 6.5 26.5 ± 8.5 .004 
ALT (U/L) 29.7 ± 15.7 23.9 ± 8.9 33.8 ± 18.0 <.001 
GGT (U/L) 37.1 ± 61.3 23.3 ± 22.8 46.8 ± 76.2 <.001 
Bilirubin (µmol/L) 9.3 ± 4.6 8.6 ± 4.0 9.8 ± 4.9 .021 
ALP (U/L) 69.6 ± 22.9 68.8 ± 18.3 70.3 ± 25.6 .992 
Albumin (g/L) 41.4 ± 4.5 41.6 ± 3.4 41.2 ± 5.1 .850 
fP-Glucose (mg/dL) 140.0 ± 32.9 134.0 ± 29.1 144.2 ± 34.6 .001 
HbA1c (mmol/mol) 51.8 ± 11.6 49.8 ± 10.2 53.3 ± 12.4 .006 
Creatinine (µmol/L) 74.5 ± 19.6 74.1 ± 22.6 74.8 ± 17.3 .376 
Cholesterol (mmol/L) 4.0 ± 1.1 4.0 ± 1.1 4.0 ± 1.1 .701 
Triglycerides (mmol/L) 1.5 ± 1.3 1.1 ± 0.5 1.8 ± 1.6 <.001 
LDL (mmol/L) 2.0 ± 0.8 2.0 ± 0.8 2.0 ± 0.8 .734 
HDL (mmol/L) 1.3 ± 0.4 1.4 ± 0.4 1.3 ± 0.4 <.001 
hsCRP (mg/L) 2.5 ± 5.9 1.9 ± 3.6 2.9 ± 7.0 <.001 
f-Insulin (mIE/L) b 16.0 ± 10.4 10.1 ± 5.3 20.4 ± 11.1 <.001 
f-C-peptide (nmol/L) 1.1 ± 0.5 0.8 ± 0.4 1.2 ± 0.5 <.001 
HOMA-IR c 5.5 ± 4.2 3.2 ± 1.8 7.1 ± 4.6 <.001 
     
Hepatic imaging/elastography     
PDFF n=282 8.3 ± 7.3 2.5 ± 1.2 12.9 ± 6.8 <.001 
VCTE n=304 6.0 ± 4.0 4.9 ± 1.4 6.8 ± 5.0 <.001 
    ≥ 8 kPa 43 (14%) 2 (1.6%) 41 (23%)  
    ≥ 10 kPa 20 (6.6%)  20 (11%)  
    ≥ 15 kPa 5 (1.6%)  5 (2.8%)  
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Table 8: Characteristics of non-MASLD, MASLD with simple steatosis and MASLD with suspected advanced 
fibrosis 

Parameter Non-MASLD 
(1) 

MASLD (2) 
(VCTE < 10kPa) 

VCTE (3) 
(VCTE ≥ 10 kPa) 

    

N 124 160 20     

Demographic and clinical    p 1vs.2 1vs.3 2vs.3 
Sex (women) 46 (37%) 61 (38%) 6 (30%) .778    
Age (years) 64.4 ± 7.6 63.9 ± 7.7 60.8 ± 11.9 .491    
Time since diagnosis (years) 8.7 ± 7.0 8.7 ± 6.6 7.3 ± 7.3 .529    
BMI (kg/m2) 27.3 ± 4.0 30.7 ± 4.0 34.2 ± 5.6 <.001 <.001 <.001 .004 
   Overweight (25-30 kg/m2) 59 (48%) 59 (37%) 2 (10%) .003 .061 .001 .017 
   Obesity (≥ 30 kg/m2) 24 (19%) 91 (57%) 17 (85%) <.001 <.001 <.001 .015 
Waist circumference (cm) 99.4 ± 11.4 108.7 ± 11.1 117.4 ± 13.4 <.001 <.001 <.001 .002 
Waist to hip ratio 0.97 ± 0.08 1.01 ± 0.07 1.03 ± 0.08 <.001 <.001 .018 .439 
Alcohol (g/w) 25.8 ± 29.2 30.8 ± 35.9 34.1 ± 49.3 .814    
Hypertension 76 (61%) 111 (69%) 13 (65%) .362    
    Systolic BP (mm Hg) 130.7 ± 15.2 131.9 ± 15.3 133.3 ± 13.9 .552    
    Diastolic BP (mm Hg) 77.3 ± 9.9 79.0 ± 11.0 83.6 ± 12.5 .095 .195 .039 .171 
Manifest CVD 27 (22%) 34 (21%) 6 (30%) .670    
Dyslipidaemia 100 (81%) 125 (78%) 15 (75%) .791    
Metabolic syndrome a 109 (90%) 144 (94%) 19 (95%) .563    
Glucose lowering therapy        
   Lifestyle modification 13 (10%) 17 (11%) 2 (10%) .996    
   Oral medication 89 (72%) 109 (68%) 13 (65%) .728    
   Insulin treatment  22 (18%) 36 (23%) 5 (25%) .549    
   Combination therapy 43 (35%) 65 (41%) 10 (50%) .338    
Statin treatment 96 (77%) 112 (70%) 14 (70%) .358    
FIB-4 1.47 ± 0.55 1.37 ± 0.51 1.67 ± 0.82 .072 .146 .147 .048 
   FIB-4 < 1.30 59 (48%) 81 (51%) 6 (30%) .198    
   FIB-4 1.30-2.67 59 (48%) 75 (47%) 13 (65%) .325    
   FIB-4 ≥ 2.67 5 (4%) 2 (1%) 1 (5%) .280    
NAFLD Fibrosis Score -0.31 ± 0.89 -0.21 ± 0.94 0.28 ± 1.12 .043 .364 .012 .039 
   NFS < -1.44 9 (7%) 15 (9%) 1 (5%) .699    
   NFS -1.44-0.672 97 (80%) 117 (74%) 12 (60%) .148    
   NFS ≥ 0.672 16 (13%) 26 (16%) 7 (35%) .049 .438 .014 .044 
Biochemical        
INR 1.0 ± 0.2 1.0 ± 0.1 1.0 ± 0.1 .010 .004 .921 .141 
Platelet count (109/L) 230.9 ± 54.2 232.7 ± 58.5 212.4 ± 58.2 .403    
AST (U/L) 23.6 ± 6.6 25.5 ± 7.3 34.1 ± 13.1 <.001 .029 <.001 .008 
ALT (U/L) 23.7 ± 8.7 32.5 ± 16.3 44.0 ± 26.9 <.001 <.001 <.001 .079 
GGT (U/L) 23.3 ± 23.1 43.5 ± 64.7 75.1 ± 137.9 <.001 <.001 <.001 .017 
Bilirubin (µmol/L) 8.7 ± 4.0 9.6 ± 4.8 11.2 ± 6.0 .048 .032 .089 .415 
ALP (U/L) 68.6 ± 18.4 69.9 ± 26.5 74.5 ± 16.2 .205    
Albumin (g/L) 41.7 ± 3.3 41.4 ± 4.4 39.8 ± 9.2 .888    
fP-Glucose (mg/dL) 133.9 ± 29.3 144.6 ± 35.4 144.1 ± 27.1 .003 .001 .061 .837 
HbA1c (mmol/moL) 49.7 ± 10.3 53.3 ± 12.5 52.6 ± 12.3 .020 .005 .293 .811 
Creatinine (µmol/L) 74.6 ± 22.5 74.7 ± 16.8 75.1 ± 22.1 .599    
Cholesterol (mmol/L) 4.0 ± 1.2 4.0 ± 1.0 4.0 ± 1.0 .776    
f-Triglycerides (mmol/l) 1.1 ± 0.5 1.8 ± 1.7 1.6 ± 0.7 <.001 <.001 <.001 .741 
LDL (mmol/L) 2.0 ± 0.9 1.9 ± 0.8 2.2 ± 0.9 .585    
HDL (mmol/L) 1.4 ± 0.4 1.3 ± 0.4 1.1 ± 0.3 <.001 <.001 <.001 .103 
hsCRP (mg/L) 1.9 ± 3.6 2.7 ± 7.0 4.4 ± 7.8 <.001 <.001 <.001 .037 
f-Insulin (mIE/L) b 10.1 ± 5.4 19.8 ± 9.9 24.7 ± 18.5 <.001 <.001 <.001 .487 
f-C-peptide (nmol/) 0.8 ± 0.4 1.2 ± 0.5 1.3 ± 0.5 <.001 <.001 <.001 .402 
HOMA-IR c 3.3 ± 1.8 6.9 ± 4.2 9.1 ± 7.2 <.001 <.001 <.001 .464 
Imaging        
Hepatic (n=278)        
PDFF (%)  2.5 ± 1.2 12.9 ± 6.7 13.2 ± 8.3 <.001 <.001 <.001 .925 
Body composition (n=280)        
ASAT (L)  7.32 ± 3.33 9.00 ± 3.41 11.20 ± 4.98 <.001 <.001 .005 .122 
VAT (L)  4.72 ± 2.22 7.20 ± 2.44 7.32 ± 2.34 <.001 <.001 <.001 .670 
Sex-adjusted MFI (pp) -0.82 ± 2.04 -0.21 ± 1.96 -1.01 ± 1.37 .036 .014 .944 .210 
FFMV Z-score (SD) -0.09 ± 1.09 -0.02 ± 1.02 0.00 ± 1.30 .858    
High MFI 37 (30%) 54 (38%) 4 (31%) .430    
Low FFMV Z-score  35 (29%) 43 (30%) 6 (46%) .442    
AMC 14 (12%) 25 (17%) 4 (31%) .133    
Cardiac MRI (n=211)        
LVMi (g/m2) 50.0 ± 9.5 48.3 ± 9.3 44.9 ± 6.3 .079 .162 .036 .203 
LVEDVi (mL/m2) 71.2 ± 15.5 65.0 ± 13.8 61.2 ± 9.9 .002 .003 .014 .385 
LVEF (%) 58.4 ± 7.0 58.4 ± 6.9 60.5 ± 6.2 .424    
LVSVi (mL/m2) 41.2 ± 8.3 37.6 ± 7.0 37.0 ± 7.3 .008 .004 .107 .678 
LV concentricity (g/mL) 0.71 ± 0.09 0.76 ± 0.12 0.74 ± 0.12 .011 .003 .214 .882 
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Figure 11: Prevalence of MASLD and suspected advanced fibrosis (TE ≥ 10 kPa) in all participants 

and by sex, overweight, and obesity status.  

Abbreviations: BMI, Body mass index; kPa, kilo Pascal; Transient elastography, TE; MASLD, 

Metabolic dysfunction-associated steatotic liver disease. 

Figure originally by Evaluating the prevalence and severity of metabolic dysfunction-associated 

steatotic liver disease in patients with type 2 diabetes mellitus in primary care. Balkhed, W. et. 2025. 

J Intern Med. 2025; 298: 173–187. (https://doi.org/10.1111/joim.20103) Licensed under CC BY 4.0. 

(250) 
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Paper V 

When a screening and management algorithm for significant fibrosis in SLD was compared 

with SOC, screening led to an incremental cost of EUR 8,237 and a gain of 0.0643 QALYs per 

patient over a lifetime horizon. This resulted in an ICER of EUR 128,072/QALY and an NHB 

of −0.1004 at a cost-effectiveness threshold of EUR 50,000/QALY. This ICER substantially 

exceeds the usual willingness-to-pay threshold applied by Swedish authorities. However, when 

ICERs were examined by SLD subtype, considerable heterogeneity was observed. The highest 

ICER was observed for MASLD, at EUR 157,490/QALY, with an NHB of −0.1213. The ICER 

for MetALD was EUR 71,975/QALY, with an NHB of −0.0573, and the lowest ICER was 

observed for ALD, at EUR 5,168/QALY, with a positive NHB of 0.3924 (Table 9). 

In the screening strategy, 23% of individuals were treated in specialist care with semaglutide 

or baclofen, resulting in 8% fewer cases of cirrhosis (143 fewer cases among 28,109 

individuals), 17% fewer cases of decompensated cirrhosis (160 fewer cases), and 2% fewer cases 

of HCC (2 fewer cases). No or only marginal differences were observed in the proportion 

undergoing liver transplantation or in mortality between the screening and SOC alternatives. 

The greatest effects of screening and treatment were seen in the ALD subgroup, with 

reductions of 20% in cirrhosis, 30% in decompensated cirrhosis, and 11% in HCC compared 

with SOC. Approximately 13% of individuals without SLD received treatment with 

semaglutide, indicating a substantial false-positive proportion (Table 10). 

EPSOMIP data were examined for SLD subtypes defined using previously proposed PEth 

thresholds (69). Among EPSOMIP participants with complete data on FIB-4, VCTE, PEth, and 

¹H-MRS-PDFF, the prevalences of MASLD, MetALD, and ALD were 38.7%, 11.0%, and 4.6%, 

respectively. Compared with the data used in the model, SLD was less common in EPSOMIP 

(54% vs 67%), and the proportion classified as MetALD or ALD among those with SLD was 

approximately three times higher. When the screening algorithm was applied to EPSOMIP 

data, the sensitivity, specificity, PPV, and NPV of FIB-4, for significant fibrosis and cirrhosis 

as combined outcome, were 52.9%, 77.7%, 24.7%, and 92.3%, respectively. 

Results from the one-way sensitivity analyses, expressed as NHB, are shown in Table 11. Across 

these sensitivity analyses, positive NHB was observed only for ALD. 

In the PSA, the distribution of 5,000 simulations was examined. When these simulations were 

plotted in the cost-effectiveness plane, most fell in the north-eastern quadrant, but at a 

willingness-to-pay threshold of EUR 50,000/QALY, only 10 of 5,000 simulations fell below 

the threshold line (Figure 12). When the willingness-to-pay threshold was increased to EUR 

100,000/QALY, 1,526 of 5,000 simulations fell below the threshold line. These results suggest 

that SLD screening is unlikely to be cost-effective at willingness-to-pay thresholds of either 

EUR 50,000 or EUR 100,000/QALY.  
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Table 9: Cost-effectiveness outcomes 
 

n ∆ Costs 
(mean) 

∆ QALY 
(mean) 

ICER NHB 

MASLD 22,492 8,886 0.0564 157,490 -0.1213 

MetALD 1,562 9,385 0.1304 71,975 -0.0573 

ALD 749 2,262 0.4377 5,168 0.3924 

No SLD 3,306 4,630 0.0025 1,862,811 -0.0901 

Total 28,109 8,237 0.0643 128,072 -0.1004 

 

 

 

 

Table 9: All results are presented from a lifetime horizon. Outcomes are expressed as mean per 

patient. Subtype-specific and No SLD outcomes are based on classification at the time of death or 

simulation end (60 years). Net Health Benefit (NHB) was calculated using a threshold of EUR 

50,000. All values mean of 5,000 simulations.  

Abbreviations: ALD, Alcohol-associated liver disease; ICER Incremental cost-effectiveness ratio; 

MASLD, Metabolic dysfunction-associated steatotic liver disease; MetALD, Metabolic dysfunction 

and alcohol-associated liver disease; NHB, Net health benefit; QALY, Quality-adjusted life years; 

SLD, Steatotic liver disease. 

Next page (page nr 69) 

Table 10: Clinical outcomes and cost-effectiveness outcomes. All results are presented from a 

lifetime horizon, except for mortality. All values represent the total count per 28,109 patients except 

for QALY, costs, NHB and life years which is expressed as mean per patient. Subtype-specific and 

No SLD outcomes are based on classification at the time of death or simulation end (60 years). NHB 

was calculated using a threshold of EUR 50,000.  All values mean 5,000 simulations.  

Abbreviations: ALD, Alcohol-associated liver disease; CC, Compensated cirrhosis; DC, 

Decompensated cirrhosis; EUR, euro; HCC, Hepatocellular carcinoma; LT, Liver transplantation; 

MASLD, Metabolic dysfunction-associated steatotic liver disease; MetALD, Metabolic dysfunction 

and alcohol-associated liver disease; NCT, Non curative treatment; NHB, Net Health Benefit; OCT, 

Other curative treatment; QALY, Quality adjusted life years; SLD, Steatotic liver disease; SOC, 

Standard of care. 
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Table 11: One-way sensitivity analysis  

 Total MASLD MetALD ALD 

Base case scenario -0.1004 -0.1213 -0.0573 0.3924 
First line VCTE -0.2110 -0.2430 -0.1426 0.5422 
Fibrosis progression adjustment -0.1030 -0.1239 -0.0614 0.3919 
Modified alcohol consumption -0.0823 -0.1204 -0.0594 0.3865 
Baclofen 0% abstinence  -0.1148 -0.1215 -0.1172 -0.0179 
Baclofen 25% abstinence  -0.1096 -0.1214 -0.0848 0.1348 
Baclofen 50% abstinence  -0.1036 -0.1191 -0.0732 0.2766 
Semaglutid regression 0 stages -0.1209 -0.1454 -0.0870 0.4098 
Semaglutid regression 2 stages -0.0778 -0.0936 -0.0301 0.3928 

Next page (page nr 71) 

Figure 12: Probabilistic sensitivity analysis. Cost-effectiveness plane plotting incremental costs 

(vertical axis) against incremental QALYs (horizontal axis) for screening compared to standard of 

care. Points below the black line (threshold at EUR 50,000/QALY) are likely to be cost-effective.  

Abbreviations: EUR, euro; QALY, Quality-adjusted life years.  

Table 11: One-way sensitivity analysis. All results expressed as NHB when comparing screening to 

a standard of care no screening alternative.  Subtype-specific outcomes are based on classification 

at the time of death or simulation end (60 years). NHB was calculated using a threshold of EUR 

50,000. Positive NHB are presented in bold.  

Abbreviations: ALD, Alcohol-associated liver disease; MASLD, Metabolic dysfunction-associated 

steatotic liver disease; MetALD, Metabolic dysfunction and alcohol-associated liver disease; NHB, 

Net Health Benefit; VCTE, Vibration-controlled transient elastography. 
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Discussion 

 

Paper I 

In Paper I, a very high proportion of participants were classified as having intermediate to high 

risk of steatosis by the algorithms, which is consistent with previous studies (298). Among 

participants who had undergone diagnostic imaging, however, steatosis was detected in only 

26%, and this was documented in the medical record in only approximately half of cases and 

resulted in further action in only a few cases. Later studies have shown that steatosis detected 

by diagnostic imaging rarely results in a MASLD diagnosis in primary care (299). This may 

indicate low awareness of MASLD in Swedish primary care, although the medical record review 

covered the period 2008–2019. Low awareness has also been reported in primary care studies 

from other parts of the world during the same period and later (221, 226-228). Reasons for the 

under-recognition of MASLD, including in primary care, have been investigated in recent years 

(223-225). 

Among participants assessed with FIB-4, 29% were classified as having intermediate to high 

risk of advanced fibrosis, which is broadly consistent with previous primary care findings (221, 

300). The associations observed in Paper I between advanced fibrosis and cardiac arrhythmias, 

mainly atrial fibrillation, ischaemic heart disease, and malignancy have also been reported in 

previous studies (95, 301, 302). In accordance with the 2016 European Association for the 

Study of the Liver (EASL) guidelines, a combined HSI and FIB-4 algorithm was examined as a 

screening strategy for MASLD in T2D (135). Of the assessable participants, approximately 15% 

required further assessment in specialist care for advanced fibrosis, which is consistent with 

previous studies in which age-adjusted thresholds for FIB-4 have been used (298). 

 

Paper II 

In Paper II, 49% of participants had at least one microvascular diabetes complication. The 

prevalence of individual complications was approximately 20%, except for diabetic foot ulcers, 

which were present in only 4% of participants. No association was observed between MASLD 

and these complications, which is consistent with some previous studies (303-305). However, 

previous studies are heterogeneous, and conflicting results have been reported (120, 306, 307). 

In Paper II, however, ¹H-MRS-PDFF was used to define MASLD. ¹H-MRS-PDFF can detect 

very small amounts of fat, and participants classified as having MASLD may therefore have 

very mild disease (308). Such a sensitive diagnostic method has not been used in most previous 

studies, which could explain the discrepancy. However these findings are consistent with those 

of a previous study that used a similar method to examine the association between MASLD and 

CKD (305). The observed association between fibrosis stage at biopsy and microvascular 

complications supports this interpretation. 

In Paper II, no difference was observed in the prevalence of complications between 

participants without MASLD, those with simple steatosis, and those with advanced fibrosis. 
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Associations between advanced fibrosis and complications have been observed in previous 

studies (118, 122, 307, 309). However, the prevalences of individual complications and 

advanced fibrosis were considerably higher in those studies than in Paper II, and one possible 

explanation for this discrepancy is that our population may have had milder disease. 

 

Paper III 

In Paper III, plasma activin A levels were elevated in patients with MASLD and biopsy-

confirmed advanced fibrosis compared with those without advanced fibrosis. This is consistent 

with previous findings (154). However, data are conflicting from studies that excluded patients 

with cirrhosis, which may have weakened the association (153). Other studies have reported 

elevated activin A levels in MASH with cirrhosis but have not demonstrated an association in 

non-cirrhotic MASH (151). Because only 5 of 41 participants in Paper III had cirrhosis, the 

observed association may have been driven by participants with cirrhosis, which could be 

investigated in larger studies. The homozygous PNPLA3 I148M G/G genotype is associated 

with an increased risk of steatosis and cirrhosis, and in Paper III, significantly higher plasma 

activin A levels were observed in participants with this genotype than in those with the wild-

type or heterozygous genotype, a finding that has not, to our knowledge, been reported 

previously. Activin A showed promising diagnostic performance, with an AUROC for advanced 

fibrosis comparable to that of FIB-4. 

 

Paper IV 

In Paper IV, 308 primary care participants with T2D were examined, and the prevalence of 

MASLD was 59%. Participants with MASLD had more cardiometabolic risk factors, with an 

increased prevalence of obesity and signs of increased insulin resistance. Seven percent of the 

cohort, or 11% of those with MASLD, had findings suggestive of advanced fibrosis. Only five 

participants had LSM values suggestive of cirrhosis, and only four participants in total had 

clinical or histological evidence of cirrhosis or HCC. 

The prevalences of MASLD and advanced fibrosis are in line with those reported in previous 

studies of patients with T2D in primary care (198, 310). However, higher prevalences have 

been reported in some studies, although less sensitive diagnostic methods were used and 

participants with MetALD were also included (186, 311). The results also differ substantially 

from previous biopsy studies from specialist care with respect to the prevalence of advanced 

fibrosis in MASLD with concomitant T2D, suggesting that findings from specialist-care biopsy 

cohorts may not be directly applicable to primary care populations (312-314). 

Paper IV highlights the importance of obesity as a risk factor for advanced fibrosis, with an 

eightfold higher risk of advanced fibrosis among participants with obesity. Similar results have 

been reported in previous studies (107, 310, 311). Further evidence supporting the association 

between MASLD and obesity was the significantly higher volumes of ASAT and VAT in 

participants with MASLD compared with participants without MASLD. Although differences 

in MFI were observed, no significant differences were observed in FFMV or AMC. AMC was 
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present in 13% of the cohort and in 31% of those with suspected advanced fibrosis, but between-

group differences were not statistically significant. The prevalence of AMC in MASLD in this 

primary care population is consistent with previous general population studies (100). 

In Paper IV, participants with MASLD had lower left ventricular end-diastolic volume, higher 

left ventricular concentricity, and lower left ventricular stroke volume. However, ejection 

fraction was not significantly lower, and these findings are consistent with previous studies 

that have shown associations between liver fat and diastolic dysfunction and between MASLD 

and HFpEF (315, 316). 

 

Paper V 

In the study, a screening and management algorithm for patients with T2D in primary care, 

based on FIB-4 followed by VCTE and possible treatment, was compared with SOC. This 

resulted in an overall ICER of EUR 128,072/QALY, which does not currently meet 

conventional Swedish thresholds for cost-effectiveness. 

However, there was considerable heterogeneity in the results when the different SLD subtypes 

were examined separately. The ICER ranged from EUR 157,490/QALY for MASLD to EUR 

71,975/QALY for MetALD and EUR 5,168/QALY for ALD. The low cost per QALY for screening 

and treatment in ALD is interesting not only because it could potentially be cost-effective, but 

also because few patients with ALD currently receive treatment for AUD (317, 318). However, 

these findings should be interpreted in light of the fact that the evaluated screening strategy 

targeted SLD as a whole. The reported subtype-specific ICER for ALD was calculated only 

among individuals with true ALD and therefore does not capture false-positive findings or 

other screening-related consequences in the overall screened population. 

When compared with previously published studies on screening and treatment of MASLD, 

there were clear differences in cohort composition and expected treatment effects, which 

probably explain the discrepancy between our results and previous findings. Younossi et al. 

studied screening for “high-risk MASLD” and treatment with resmetirom (200). One possible 

explanation for their lower ICER of USD 26,913/QALY is the higher prevalence of significant 

fibrosis in their cohort, as well as the assumption that resmetirom would have an effect in all 

treated individuals, which is not currently supported by studies (31). A similar ICER, USD 

14,494/QALY, for screening and treatment of MASLD was reported by Park et al. (202). The 

treatment in their study was an intensive lifestyle programme with an expected cost of USD 

92–183 per year. This appears unreasonably inexpensive compared with other studies, and 

Park et al. also noted that the programme would be 15 times more expensive in the USA (202, 

319). Lazarus et al. evaluated a screening and treatment strategy similar to that assessed in our 

study and reported an ICER three to four times higher than ours (203). 

For ALD, our findings are consistent with previous studies. In particular, Aspahug et al. found 

that a similar screening and treatment algorithm for ALD in patients with harmful alcohol use 

was cost-effective, with an ICER of USD 5,387–8,430/QALY (204). 
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Strengths and limitations 

Paper I 

A strength of the study is that all participating primary care centres had used the same 

electronic medical record system for many years, and that medical records, laboratory test 

results and diagnostic imaging from other clinics within Region Östergötland were also 

accessible. The medical record review was conducted by several reviewers, which is a 

limitation, but all reviewers used the same standardised case report form to minimise 

differences in data collection. Few participants had undergone diagnostic imaging or 

assessment of LSM, and the estimated prevalence of MASLD and advanced fibrosis is therefore 

largely based on several algorithms. Combining results from different algorithms may 

overestimate prevalence. This may also be problematic given the low specificity of algorithms 

for advanced fibrosis, as these algorithms are intended to be followed by a confirmatory test 

(140, 241). The appropriateness of using steatosis algorithms in clinical practice has also been 

questioned, and current European guidelines focus on advanced fibrosis, while steatosis 

algorithms are not mentioned in the screening context (8). 

Participants with sufficient blood test data to calculate the algorithms and available diagnostic 

imaging were probably sicker than those without such data, introducing potential selection 

bias. Because liver steatosis was not the primary clinical question in most diagnostic imaging 

examinations, it may not have been reported by the radiologist even when present. 

The study is from 2019 and is based on older medical record notes, in some cases dating back 

as far as 2008. It is therefore uncertain whether these results reflect current awareness in 

Swedish primary care in 2026. The limited capacity to manage MASLD in primary care has 

been recognised globally, and in recent years recommendations adapted to primary care have 

been published (209, 229, 230). Over time, the number of patients with a recorded MASLD 

diagnosis has increased in Sweden, which may partly reflect increased awareness of the 

condition within health care (220). Overall, the clinical landscape for MASLD has changed in 

recent years, as pharmacological treatment has become available and a potential paradigm 

shift has been discussed, which is also likely to affect primary care in the long term (219).  

A recurring statistical issue in Papers I, II and IV is that multiple tests were performed. Despite 

this, a significance level of <0.05 was used throughout. This probably contributed to the 

occurrence of type I errors in the studies. One way to address this would have been to lower 

the significance level to <0.01 or to use Bonferroni correction. 

Paper II 

All participants were recruited in Sweden, which may affect generalisability to other health 

care systems and ethnic groups. In the study, the presence of diabetes complications was based 

on a retrospective medical record review, which may be associated with limitations related to 

data quality and missing data. However, most participants had undergone routine retinal 

photography as part of T2D care in Sweden. The presence of CKD was based on routine 

assessment of blood and urine samples, which was available for almost all participants because 

of regular T2D follow-up at their primary care centres. Neuropathy was largely based on 

clinical signs, and few participants had undergone nerve function testing. Therefore, the 
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prevalence of neuropathy may have been either overestimated or underestimated. The 

presence of diabetic foot ulcers was based on medical record notes and diagnosis codes, which 

may have led to underestimation of prevalence. However, the fact that most participants had 

undergone regular follow-up by podiatrists and assessment of foot risk within T2D care 

strengthens the credibility of the data regarding both neuropathy and diabetic foot ulcers. 

Few participants had advanced fibrosis in the study, and possible associations between 

advanced fibrosis and diabetes complications may therefore have been missed because of type 

II errors. Because this study was an add-on to the main EPSOMIP study, the power calculation 

in the original study design was based on outcome measures other than diabetes complications 

(238). 

Paper III 

In this study, plasma activin A levels were analysed in participants who had undergone liver 

biopsy to establish the diagnosis of MASLD. We examined how activin A levels varied 

according to different histopathological findings. Liver biopsy has long been considered the 

gold standard in MASLD but has lost some of its status in recent years (8). Today, VCTE is 

considered to provide prognostic information comparable to that obtained from liver biopsy 

(168). Liver biopsy is an invasive method associated with a risk of complications, is performed 

in specialist care, and the threshold for performing a biopsy is high (320). In view of this 

selection, the generalisability of the study may be questioned, as the cohort consisted of 

participants with chronically elevated liver tests who had undergone liver biopsy. 

The study was small, and individual histopathological findings were infrequent. Only one 

participant had MASH. This entails a risk of type II errors. 

Paper IV 

A strength of the study is the highly detailed examination that participants underwent, 

including the ability to detect very small amounts of liver fat. When other modalities, such as 

US, are used, many individuals with mild steatosis may be missed. Because most previous 

studies of MASLD in T2D have been conducted in specialist care, the study population, 

consisting of participants with well-treated T2D, is an important asset, particularly since most 

patients with T2D are managed in primary care (217). It is uncertain whether previous results 

are generalisable to the typical patient with T2D in primary care. 

In the study, participants were asked to participate either in connection with a routine T2D 

check-up in primary care or by invitation letter. Given this mode of inclusion, there is a risk of 

healthy volunteer bias, which may have led to underestimation of disease severity in the 

primary care population. In VCTE, no repeat examination was performed in participants with 

elevated values. However, studies have shown that repeated VCTE in the presence of elevated 

values leads to normalisation in 45% of cases (163). Obesity is also a source of error in VCTE, 

and the findings in Paper IV regarding an increased prevalence of advanced fibrosis in obesity 

should therefore be interpreted with caution (174). 
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Paper V 

A strength of Paper V is the use of a complex model that captures most of the SLD spectrum. 

Previous models have often focused on a single SLD subtype, whereas clinical reality is more 

complex and patients may transition between subtypes over time (48). However, a complex 

model requires many parameters to represent this complexity. It may be difficult to identify 

parameters that reflect the context being studied, and model errors may also be more difficult 

to detect because of this complexity. 

In Paper V, repeated screening for significant fibrosis in SLD was examined. This is consistent 

with current guidelines, but most previous studies have examined only a single screening 

episode (8, 200, 202, 203). Repeated screening is important to study because screening 

strategies are likely to involve recurrent testing rather than a single assessment. At the same 

time, repeated screening may increase the risk of false-positive results and associated follow-

up costs, and it also raises specific challenges in populations that have previously undergone 

screening. 

The main cost driver in Paper V was semaglutide treatment. These costs were based on current 

Swedish drug prices, which are likely to change over time. The current price of semaglutide 

does not reflect the actual manufacturing cost, and after patent expiry in Sweden in 2031, 

substantial price reductions may be expected (321). However, the model does not account for 

this, and the effect of price reductions on the ICER should be explored in a sensitivity analysis.  

In Paper V, FIB-4 was used as the first step in the screening algorithm. However, the diagnostic 

performance of FIB-4 varies across the SLD spectrum and in the presence of T2D, and false-

positive results may occur (78, 209, 274, 293, 294). To examine this further, a sensitivity 

analysis was performed in which VCTE was used as the first-line screening test instead of FIB-

4. However, this did not substantially affect the results. 

Earlier data on the natural history of MASLD have recently been called into question, as alcohol 

consumption is difficult to estimate accurately and objective biomarkers such as PEth have 

indicated possible misclassification (44, 322). Historically, and still today, SLD subtypes have 

been defined based on self-reported alcohol consumption (10). The data used to model natural 

history in Paper V may therefore be questionable. To examine this, a sensitivity analysis was 

performed in which progression rates were varied by subtype. However, this did not 

substantially change the results. 

 

Implications for primary care and future research 

Paper I 

Few cases in which steatosis was noted on diagnostic imaging were documented in the medical 

record, and even fewer led to any further action. This was interpreted as reflecting low 

awareness of MASLD or SLD in primary care. The study may have clinical relevance by 

encouraging general practitioners to pay closer attention to steatosis in radiology reports and, 

when steatosis is present, to assess possible aetiology and the risk of advanced fibrosis. The 
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results may also be relevant for health care governance, as they indicate a need for educational 

initiatives in primary care. In the 2021 article, steatosis algorithms were described as tools that 

could potentially be used clinically in primary care. However, in recent years the focus in 

guidelines has shifted towards the presence of advanced fibrosis, and simple steatosis is now 

regarded as a benign, non-progressive condition in most cases (8, 27). In view of this, these 

algorithms appear unsuitable for routine clinical use in Swedish primary care but may still be 

useful in research settings. 

Considering that the medical record review covered the period 2008–2019, it would be 

valuable to repeat this study and examine how steatosis has been managed in primary care in 

recent years. Given the introduction of pharmacological treatment and the increased focus on 

MASLD and SLD, a repeated study might provide a different picture. To further explore 

awareness of MASLD and SLD in primary care, questionnaire studies or qualitative studies 

among both health care professionals and patients would also be valuable. 

Paper II 

In Paper II, no associations were observed between MASLD and microvascular diabetes 

complications. These findings do not support closer monitoring of microvascular 

complications or different HbA1c targets in patients with T2D and concomitant MASLD. An 

association was observed between histological fibrosis stage and the presence of complications, 

but this finding was based on a very small sample. In clinical practice, liver biopsy is used less 

frequently than before, as NITs often fulfil similar functions. It is therefore unlikely that 

patients with T2D would undergo liver biopsy to guide follow-up of their T2D.  

The number of participants with advanced fibrosis according to VCTE was small, and possible 

associations should therefore be investigated in larger samples, as type II error cannot be 

excluded. Diabetic foot ulcers were uncommon in the cohort, and few previous studies have 

examined their association with MASLD or advanced fibrosis. Further research in populations 

with a higher prevalence of foot ulcers, such as patients attending primary care wound clinics, 

could help clarify this potential association (122, 123, 323). 

Paper III 

In Paper III, increased activin A levels were observed in participants with histologically 

confirmed advanced fibrosis and in those with the homozygous PNPLA3 I148M G/G genotype. 

The study cohort consisted of participants with chronically elevated liver tests who had 

undergone liver biopsy in specialist care. The appealing aspects of activin A are the potentially 

low cost of the analysis and the simplicity of the test, characteristics that could make it suitable 

for use in primary care. It would therefore be valuable to investigate its diagnostic performance 

in an unselected primary care cohort and to examine how it performs compared with 

elastography rather than histological findings. 

In Paper III, it also remains unclear whether activin A is primarily a marker of advanced 

fibrosis or cirrhosis. Identifying patients before they develop cirrhosis has prognostic 

advantages and offers greater opportunities for treatment(209). In view of this, further studies 

in larger samples with a higher prevalence of advanced disease and of the PNPLA3 I148M G/G 

genotype would be valuable. Given the association between activin A and fibrosis development, 

further experimental mechanistic studies would also be of interest. 
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Paper IV 

Paper IV found that 59% of participants in a primary care cohort with T2D had MASLD, 7% 

had suspected advanced fibrosis, and cirrhosis was uncommon. This prevalence of advanced 

disease is considerably lower than that reported in previous studies of the association between 

MASLD, advanced fibrosis, and T2D. Data from biopsy studies indicating a 40–60% 

prevalence of advanced fibrosis in MASLD with concomitant T2D do not appear to be 

applicable to a primary care population (312-314). From a primary care perspective, these 

findings indicate that advanced fibrosis in MASLD remains relatively uncommon among 

patients with T2D, although patients with both T2D and obesity warrant particular attention. 

In resource-limited primary care settings, screening resources may therefore be best focused 

on this group. 

Despite assessment of harmful alcohol use using both questionnaires and a clinical interview, 

5% of participants had elevated PEth levels. This may also be important for clinicians, as the 

combination of T2D, obesity, and harmful alcohol use is likely to substantially increase the risk 

of progressive liver disease. The results also highlight the importance of conducting research 

in primary care. For MASLD, and probably also for many other conditions, findings from 

specialist care studies may not be directly applicable to primary care. The relatively healthy 

study population is an advantage when illustrating differences between primary and specialist 

care, but the small number of participants with advanced disease limits the ability to draw firm 

conclusions about specific associations. In view of this, larger studies are needed to include 

more patients with advanced disease. 

Paper V 

In Paper V, the screening and treatment algorithm did not appear to be cost-effective based on 

current conventional Swedish threshold values. Considering this, further evidence should 

probably be awaited before systematic screening for significant fibrosis in T2D is introduced 

in Sweden. If the incremental cost of screening were applied to the entire Swedish T2D 

population aged 35–75 years, this would entail a lifetime screening cost of EUR 2.3 billion. The 

algorithm would require approximately 60,000 specialist-care assessments, in addition to the 

VCTE examinations performed within the screening programme. This raises concerns about 

whether specialist care would have sufficient capacity to manage the resulting workload (324). 
One aspect not accounted for in the model is the possibility that patients receiving stable 

treatment for significant fibrosis, and possibly cirrhosis, could be referred back to primary care 

(209). This could potentially reduce both resource use and costs. However regardless of where 

patients are followed up, screening would impose a substantial burden on Swedish health care 

budgets and resources. 

There was a large discrepancy in the ICER depending on SLD subtype. The low ICER in ALD 

highlights the importance for clinicians of exploring patients’ alcohol consumption, providing 

tailored lifestyle advice, and offering treatment for AUD. However, because the screening 

strategy in Paper V focused on SLD as a whole, the ICERs for individual subtypes should be 

interpreted with caution, as noted previously. 

Paper V is a late draft but probably not the version that will be submitted to a journal. Examples 

of likely adjustments before the final version include that 22.1% of individuals in the model will 
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be treated with semaglutide for the indication T2D, reflecting current Swedish registry data 

(272). The proportion with cirrhosis among individuals with MASLD appears high compared 

with data from EPSOMIP and will be adjusted (250). HCC surveillance will be adjusted 

according to Swedish guidelines (252). Incidental detection of cirrhosis in primary care will be 

introduced (10). Based on clinical experience, the proportion becoming long-term abstinent 

after baclofen and brief intervention treatment will be reduced from 70% to 50% (52). New 

one-way sensitivity analyses will also be performed, including cost adjustment for semaglutide 

from 2031 onwards (321, 325) and an analysis of the effect of excluding QALY discounting, as 

this has long been debated (326). 

Semaglutide was the main cost driver in the model. However, GLP-1 receptor agonists have 

effects that extend beyond MASLD. Semaglutide was originally developed for the treatment of 

T2D but has also shown benefits in obesity and cardiovascular disease and may reduce alcohol 

consumption (327-329). Future health economic analyses could therefore benefit from a 

broader perspective that captures effects across SLD, cardiometabolic disease, and alcohol-

related outcomes. Such an approach would, however, substantially increase model complexity.  
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Conclusion 

Steatotic liver disease includes the most common chronic liver diseases and affects almost 40% 

of the global population. This thesis concludes that the subtype MASLD is common in primary 

care among patients with T2D, but advanced disease is rare (250, 330). Awareness of MASLD 

has historically been low in Swedish primary care but screening and subsequent treatment for 

SLD among patients with T2D in primary care are most likely not cost-effective today (331). 

New biomarkers for advanced disease are under development and focus in the moment from 

a hepatic standpoint should be on patients with T2D with concomitant obesity and harmful 

alcohol use (250, 297).  

In conclusion: 

- The proportion of undiagnosed MASLD cases among patients with T2D has historically 

been high in primary care 

- Awareness of MASLD has historically been low in primary care 

- The prevalence of microvascular diabetes complications is probably not higher among 

patients with T2D and concomitant MASLD compared to patients without MASLD in 

primary care 

- Activin A is a potential biomarker for advanced fibrosis in MASLD 

- MASLD is common among patients with T2D in Swedish primary care 

- The proportion with severe liver disease among patients with MASLD and concomitant 

T2D in primary care is low and differs significantly from that among patients in 

specialist care 

- Patients in primary care with T2D and concomitant obesity have an increased 

prevalence of MASLD, with and without advanced fibrosis, compared to patients 

without obesity 

- A screening and management algorithm for SLD in T2D is probably not cost-effective 

in Swedish primary care 

- Identifying and treating harmful use of alcohol in SLD among patients with T2D may 

be cost saving in Swedish primary care 
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