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Summary

Metabolic dysfunction-associated steatotic liver disease (MASLD),
previously termed non-alcoholic fatty liver disease (NAFLD), is
defined as steatotic liver disease (SLD) in the presence of one or
more cardiometabolic risk factor(s) and the absence of harmful
alcohol intake. The spectrum of MASLD includes steatosis, met-
abolic dysfunction-associated steatohepatitis (MASH, previously
NASH), fibrosis, cirrhosis and MASH-related hepatocellular carci-
noma (HCQ). This joint EASL-EASD-EASO guideline provides an
update on definitions, prevention, screening, diagnosis and
treatment for MASLD. Case-finding strategies for MASLD with liver
fibrosis, using non-invasive tests, should be applied in individuals
with cardiometabolic risk factors, abnormal liver enzymes, and/or
radiological signs of hepatic steatosis, particularly in the presence
of type 2 diabetes (T2D) or obesity with additional metabolic risk
factor(s). A stepwise approach using blood-based scores (such as
FIB-4) and, sequentially, imaging techniques (such as transient
elastography) is suitable to rule-out/in advanced fibrosis, which is
predictive of liver-related outcomes. In adults with MASLD, life-
style modification — including weight loss, dietary changes,
physical exercise and discouraging alcohol consumption — as well
as optimal management of comorbidities - including use of
incretin-based therapies (e.g. semaglutide, tirzepatide) for T2D or
obesity, if indicated - is advised. Bariatric surgery is also an option
in individuals with MASLD and obesity. If locally approved and

dependent on the label, adults with non-cirrhotic MASH and
significant liver fibrosis (stage >2) should be considered for a
MASH-targeted treatment with resmetirom, which demonstrated
histological effectiveness on steatohepatitis and fibrosis with an
acceptable safety and tolerability profile. No MASH-targeted
pharmacotherapy can currently be recommended for the cir-
rhotic stage. Management of MASH-related cirrhosis includes
adaptations of metabolic drugs, nutritional counselling, surveil-
lance for portal hypertension and HCC, as well as liver trans-
plantation in decompensated cirrhosis.
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Introduction

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) has become the most common chronic
liver disease, and its prevalence will likely continue to
rise. The presence of MASLD is tightly linked to type 2
diabetes (T2D), obesity and other cardiometabolic risk
factors. MASLD is associated with an increased risk of
cardiovascular events, chronic kidney disease, hepatic
and extrahepatic malignancies, and liver-related out-
comes, including liver failure and hepatocellular carci-
noma (HCC). Therefore, the high socio-economic
burden of MASLD poses a global health challenge
that needs to be addressed by medical societies and
policymakers [1].

MASLD is defined as the presence of excess triglyceride
storage in the liver in the presence of at least one car-
diometabolic risk factor. The term MASLD comprises
different conditions, including isolated liver steatosis
(metabolic dysfunction-associated steatotic liver, MASL),
metabolic dysfunction-associated steatohepatitis (MASH),
as well as fibrosis and cirrhosis. MASH is characterised by
histological features of hepatocellular ballooning and
lobular inflammation. MASLD replaces the old term non-
alcoholic fatty liver disease (NAFLD) and is embedded in
the new consensus definition of steatotic liver disease
(SLD). Besides MASLD, SLD also includes MASLD with
moderate (increased) alcohol intake (MetALD), alcohol-
related liver disease (ALD), specific aetiologies of SLD (e.g.
drug-induced, monogenic diseases) and cryptogenic SLD
(Fig. 1) [2].

The current Clinical Practice Guidelines (CPGs) for
the diagnosis, treatment, and follow-up of individuals
with MASLD have been generated as a joint effort by the
European Association for the Study of the Liver (EASL),
European Association for the Study of Diabetes (EASD)
and European Association for the Study of Obesity
(EASO). They update the multi-society NAFLD CPG
released in 2016 [3].

Intensified research efforts in recent years have sig-
nificantly expanded our understanding of the patho-
physiology and natural course of the disease. This has
culminated in improved diagnostic tools and novel
therapeutic options, which is reflected in the expanded
scope of the current CPG. The availability of improved
treatment options underlines the need to identify at-risk
individuals with MASLD early, as we now possess the
tools to positively influence the course of the disease,
which is expected to prevent relevant clinical events.

These CPGs are targeted at health care providers in-
volved in the care of individuals with (or at risk of)

EASL-EASD-EASO Guidelines on the
Management of MASLD

MASLD. They provide a framework for the early iden-
tification of affected individuals, risk stratification and
therapeutic management including non-pharmacological
and pharmacological treatment. Furthermore, they pro-
vide guidance on the management of end-stage MASLD
and MASLD in the setting of advanced liver disease and
liver transplantation.

The purpose of this document is to assist physicians,
affected and at-risk individuals, healthcare providers
and health-policymakers from Europe and worldwide in
the decision-making process, by providing evidence-
based data, which also takes into consideration the
burden of clinical management for the healthcare sys-
tem. The recommendations are intended to guide
clinical practice in circumstances where all possible
resources and therapies are available. Thus, users should
adapt the recommendations to their local regulations,
availability of resources, infrastructure, and cost-benefit
strategies.

Preamble

The nomenclature of SLD and definition of MASLD
were established in June 2023, following an international,
multi-society guided Delphi process [2]. The diagnosis of
MASLD requires the presence of at least one car-
diometabolic risk factor in an individual with docu-
mented steatosis. This has raised concerns as to whether
evidence generated under the NAFLD definition would
still apply to individuals with MASLD. Several re-
examinations from existing cohort studies support that
NAFLD-related findings can be fully extrapolated to
individuals with MASLD. As an example, analyses of a
large tertiary care NAFLD cohort and the population-
based Nutrition Examination Survey (NHANESIII) data
found a nearly complete overlap between NAFLD and
MASLD populations, with 99.8% accordance in the
NAFLD cohort, while only 5.3% of individuals with
NAFLD in the NHANESIII database did not fulfil the
MASLD criteria [4]. In addition, clinical characteristics
were almost identical, and non-invasive tests showed
equal accuracy and cut-offs for both definitions [4]. Fi-
nally, long-term follow-up showed similar mortality
rates, with slightly higher mortality in MASLD compared
to NAFLD [4]. Therefore, we have transferred the evi-
dence on NAFLD to the MASLD population and use the
term MASLD interchangeably. Notably, MetALD rep-
resents a distinct entity to which our recommendations
and statements generated with the “pure” NAFLD defi-
nition may not apply.
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Fig. 1. Flow-chart for SLD and its sub-categories [2]. SLD,
diagnosed histologically or by imaging, has many potential
aetiologies. MASLD is defined as the presence of hepatic
steatosis in conjunction with (at least) one cardiometabolic
risk factor and no other discernible cause. The quantity of
alcohol intake, the drinking pattern, and the type of alcohol
consumed should be assessed in all individuals with SLD using

Table 1. Grades of recommendation

detailed medical history, psychometric instruments and/or
validated biomarkers. ALD, alcohol-related liver disease;
DILI, drug-induced liver disease; MASH, metabolic
dysfunction-associated steatohepatitis; MASLD, metabolic
dysfunction-associated steatotic liver disease; MetALD,
MASLD with moderate (increased) alcohol consumption;
SLD, steatotic liver disease.

Grade Wording Criteria

Strong Must, shall, should, is recommended Evidence, consistency of studies, risk-benefit
Shall not, should not, is not ratio, individual preferences, ethical obligations,
recommended feasibility

Weak or Can, may, is suggested

open May not, is not suggested

Methods

The EASL Governing Board initiated these CPGs in September
2021. A multi-disciplinary committee of experts was selected by EASL,
EASD and EASO, whose members were primarily involved in the
management of MASLD. The development of these CPGs followed a
standard operating procedure set out by EASL and meets the inter-
national standards for CPGs set out by the Guidelines International
Network [5]. The committee defined the objectives, the key issues and
identified the guidelines’ key questions and developed them following
the PICO format: P - patient, problem, or population, I - intervention,
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C - comparison, control or comparator, O - outcome. PICO questions
were vetted through a simplified Delphi process by an international 46-
member panel, including clinicians, patient representatives, and other
stakeholders competent in the field of MASLD beyond the CPG panel
and the governing boards of EASL, EASD and EASO. Every PICO
question that did not reach >75% agreement in the first round of the
Delphi process was revised; the revised questions were then submitted
for approval by the Delphi panellists in a second round. Once the final
PICO questions had been determined, a systematic review of the
literature was conducted on the most important scientific databases
(PubMed, Scopus, Embase, Google Scholar) by performing a free-text
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Table 2. Level of Evidence based on the Oxford Centre for Evidence-based Medicine (adapted)

Level Criteria

Simple model for high, intermediate and low evidence

1 Systematic Reviews (SR) (with homogeneity) of randomised Further research is unlikely to change our confidence in the

controlled trials (RCT)

estimate of benefit and risk

2 Randomised controlled trials (RCT) or observational studies

with dramatic effects;

Systematic Reviews (SR) of lower quality studies (i.e. non-

randomised, retrospective)

3 Non-randomised controlled cohort/follow-up study/control Further research (if performed) is likely to have an impact

arm of randomised trial (systematic review is generally
better than an individual study)

on our confidence in the estimate of benefit and risk and
may change the estimate

4 Case-series, case-control, or historically controlled studies
(systematic review is generally better than an individual
study)
5 Expert opinion (mechanism-based reasoning) Any estimate of effect is uncertain

*Level may be graded down based on study quality, imprecision, indirectness (study does not match questions), because of
inconsistency between studies, or because the absolute effect size is very small; Level may be graded up if there is a large or very

large effect size.

search. The levels of evidence were developed by applying the Oxford
Centre for Evidence-based Medicine system (Table 1) [6]. The
strength of recommendations reflects the quality (grade) of under-
lying evidence (Table 2). The committee members submitted con-
tributions to specific PICO questions, which were integrated into the
final document and discussed between the panel members to achieve
unanimous consensus for each of the recommendations. The Wilson
and Jungner criteria served as a framework for evaluating the ap-
propriateness and effectiveness of screening programs and the im-
plementation of population-based screening initiatives [7]. In cases
where the committee determined guidance to be necessary despite a
lack of available supporting literature, a recommendation was de-
veloped based on expert opinion and consensus.

The draft statements and recommendations of the CPG panel were
then sent to the Delphi panel for consensus agreement. All suggestions
and recommendations reached the threshold of 75% agreement, but
some questions, recommendations and statements were adjusted fol-
lowing well-justified comments by the Delphi panel. The process in-
volved multiple rounds of questioning and feedback until a consensus
or convergence of opinions was achieved, and the feedback was in-
corporated into the final consensus recommendations and statements.
The strength of consensus was defined according to the percentage of
agreement by the Delphi panel members where >95% agreement was
classified as strong consensus and 75-95% were classified as consensus.
Neutral votes were not counted when calculating the consensus.

Definition, Prevalence and Natural Course

Is the presence of steatotic liver in the general pop-
ulation an important factor in identifying individuals at
risk for liver-related outcomes, independent of the presence
of other hepatotoxic factors?

EASL-EASD-EASO Guidelines on the
Management of MASLD

Recommendations

e The incidental finding of steatosis should prompt
assessment of the potential aetiology of SLD,
alongside tests for the presence of advanced fibrosis,
as this could determine the risk of liver-related
and/or cardiovascular outcomes and appropriate
care (LoE 3, strong recommendation, strong
consensus).

e MASLD, ALD and MetALD are the most common
causes of SLD, but other causes such as drug-induced
liver disease and monogenic SLD should be considered,
depending on the context (LoE 3, strong recom-
mendation, strong consensus).

e General population-based screening for SLD is not
advised (LoE 3, strong recommendation, strong
consensus).

Statement

o While the presence of steatotic liver in the general pop-
ulation is not independently associated with liver-related
outcomes, the stage of liver fibrosis and persistently ele-
vated liver enzymes are associated with liver-related out-
comes (LoE 3, strong consensus).

Hepatic steatosis is the hallmark of MASLD, defined as
the presence of hepatic steatosis in conjunction with at
least one cardiometabolic risk factor (Table 3) and no
other discernible cause. MASLD and ALD (alcohol
intake >50 g/day for females and >60 g/day for males)
comprise the most common causes of SLD. A new

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

377


https://doi.org/10.1159/000539371

Table 3. Cardiometabolic risk factors in the definition of MASLD [2]

Metabolic risk factor Adult criteria

Overweight or Obesity Body mass index

>25 kg/m? (=23 kg/m? in people of Asian ethnicity)

Waist circumference

e >94 ¢cm in men and >80 cm in women (Europeans)

e >90 cm in men and >80 cm in women (South Asians and Chinese)
e >85 cm in men and =90 cm in women (Japanese)

Prediabetes: HbA;. 39-47 mmol/mol (5.7-6.4%) or fasting plasma glucose 5.6-6.9 mmol/L (100-
125 mg/dl) or 2-h plasma glucose during OGTT 7.8-11 mmol/L (140-199 mg/dl) or Type 2 diabetes:
HbA;. =48 mmol/mol (>6.5%) or fasting plasma glucose >7.0 mmol/L (=126 mg/dl) or 2-h plasma

Dysglycaemia or type 2
diabetes

glucose during OGTT >11.1 mmol/L (=200 mg/dl) or Treatment for type 2 diabetes

Plasma triglycerides

>1.7 mmol/L (>150 mg/dl) or lipid-lowering treatment

HDL-cholesterol
treatment

<1.0 mmol/L (<39 mg/dl) in men and <1.3 mmol/L (<50 mg/dl) in women or lipid-lowering

Blood pressure

>130/85 mmHg or treatment for hypertension

HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; OGTT, oral glucose tolerance test.

category, requiring further characterisation, termed
MetALD, describes those with MASLD who consume
greater amounts of alcohol (20-50 g/day for females and
30-60 g/day for males, respectively), but do not meet the
criteria for ALD. Notably, the history of alcohol con-
sumption is an important factor as the current drinking
pattern may not necessarily reflect previous drinking
behaviour. Importantly, despite sharing the same prev-
alence of cardiometabolic risk factors, MetALD is asso-
ciated with a higher risk of all-cause mortality, under-
pinning MetALD as a distinct subclass of SLD with
poorer prognosis [8]. Therefore, diagnostic and treatment
recommendations provided for MASLD cannot be ex-
tended to the MetALD population. A proposal for the
simplified diagnostic work-up of a case of SLD is outlined
in Fig. 1.

Other causes of SLD (Table 4) should be considered when
the most common risk factors have been excluded (Fig. 1].
Familial aggregation of SLD supports a genetic disease,
particularly for early-onset SLD [9]. Individuals with stea-
tosis but without cardiometabolic risk factors and no known
cause may have “possible MASLD” - requiring further tests
of insulin-resistance — or cryptogenic SLD [2]. The iden-
tification of liver steatosis should prompt an assessment for
the presence of liver fibrosis through non-invasive tests (see
below).

As in any other liver diseases, multiple aetiologies of
steatosis can coexist in the same individual and are likely
associated with variations in natural history and thera-
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peutic responses. Notably, MASLD may accelerate the
progression of liver disease in individuals with ALD and
chronic hepatitis B, and synergistically induce cirrhosis or
HCC development [8, 10, 11].

The estimated global prevalence of MASLD in the general
population has risen from 25% in 2016 [12] to currently more
than 30%, and the incidence is continually increasing
[12-14]. It has been estimated that approximately 10-30% of
persons with isolated steatosis progress to steatohepatitis and
advanced liver disease, but the risk is much higher in the
presence of T2D (42-65% have steatosis) [15, 16]. Still, in a
Swedish cohort study, the cumulative incidence of major
adverse liver outcomes over ten years in individuals with T2D
increased with the number of components of the metabolic
syndrome, but was still <2% in those presenting with all 5
components [17]. Of note, the presence of steatosis in the
general population is not associated with a clinically
meaningful increase in the risk of liver-related outcomes,
which strongly argues against population-based screening for
SLD. In a Swedish population-based cohort of 10,568 adults
with biopsy-confirmed MASLD and 49,925 matched general
population comparators, mortality rates from cirrhosis and
HCC were modestly elevated in simple steatosis (absolute
rate differences, 1.2 and 0.7/1,000 person-years [PY], re-
spectively), but these rates increased progressively in MASH
without fibrosis (3.0 and 1.3/1,000 PY, respectively), non-
cirrhotic fibrosis (5.5 and 2.5/1,000 PY, respectively) and
cirrhosis (22.3 and 5.5/1,000 PY, respectively) [18]. Fur-
thermore, no suitable tests for population-based screening

EASL/EASD/EASO
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Table 4. SLD due to aetiologies other than MASLD, MetALD or ALD

Condition

Clinical/lab/histological findings

Diagnostic criteria

Hepatitis C virus-associated steatotic
liver (genotype 3)

Low triglycerides, HCV genotype 3

HCV antibody with reflex testing
HCV RNA and HCV genotype

Drug-induced Liver Disease (DILI)

Mostly microvescicular SLD

Investigate for drug intake:

e Corticosteroids

e Tamoxifen

e Amiodarone

e [rinotecan

e Methotrexate

e Lomitapide

e Valproate

e 5-Fluorouracil

Liver biopsy for confirmation

Hypobetalipoproteinaemia

Low triglycerides and cholesterol, fat
malabsorption, vitamin A deficiency

ApoB level, genetic testing (APOB,
MTTP, PCSK-9, targeted panel
sequencing)

Lipodystrophy

HAART therapy)

Accumulation of fat in the visceral area and in
the muscle (generically inherited or induced by

CT scan or MR, targeted panel
sequencing for congenital
lipodystrophies, MRI

LAL deficiency (Wolman disease,
cholesteryl ester storage disease-CESD)

Elevated LDL-C and triglycerides, low HDL-C,
hypersplenism, advanced fibrosis in young age,

Enzyme assay, genetic testing (LIPA)

predominately microvesicular steatosis

Pregnancy associated HELLP syndrome

Acute onset

Elevated liver enzymes and low
platelets, haemolysis,
SLD at abdominal ultrasound

Wilson disease
ceruloplasmin

Younger age, neuropsychiatric symptoms, low

24-h urine copper excretion;
quantitative copper on liver biopsy,
genetic testing (ATP7B)

Nutrient deficiency/malnutrition
surgery, anorexia

Parenteral nutrition, bypass surgeries, bariatric

Nutrient levels

Celiac disease

Diarrhoea, iron deficiency, vitamins deficiency

Tissue transglutaminase IgA,
duodenal biopsy

Endocrine diseases

Hypothyroidism, PCOS, growth hormone (GH)

TSH, fT4, T3, endocrine testing

deficiency, panhypopituitarism (primary or

secondary)

Other inherited metabolic conditions

Early age and severe onset, absence of
triggering factors, systemic involvement,

Targeted panel sequencing, whole
exome sequencing (WES)

positive history of advanced disease in first

degree relatives

ALD, alcohol-related liver disease; ApoB, apolipoprotein B; fT3, free triiodothyronine; fT4, free thyroxine; HCV, hepatitis C virus;
HAART, highly active antiretroviral therapy; HELLP, haemolysis, elevated liver enzymes and low platelets; LAL, lysosomal acid lipase;
MASLD, metabolic dysfunction-associated steatotic liver disease; PCOS, polycystic ovary syndrome; SLD, steatotic liver disease; TSH,

thyroid-stimulating hormone.

for SLD are currently available and the presence of steatosis
per se would not necessarily prompt treatment for liver
disease.

Elevation of liver enzymes, namely aminotransferases,
is associated with increased liver-related mortality. No-

EASL-EASD-EASO Guidelines on the
Management of MASLD

tably, lower thresholds than the ones currently in place
have been proposed [19-21]. Thus, an individual is
considered to have elevated liver enzymes when alanine
aminotransferase (ALT) is >33 U/L in males and >25 U/L
in females. However, individuals with MASLD and
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normal aminotransferase levels can still have significant
steatohepatitis and develop advanced fibrosis or cirrhosis
[22] and the risk of liver-related outcomes, i.e. mortality,
hospitalisation, and HCC is increased with worsening of
liver fibrosis [23].

While MASLD is not associated with liver-related out-
comes in the general population, it may be associated with
an increased risk of extrahepatic outcomes (hazard ratio
[HR] 1.34) [24], and the risk increases with the number of
cardiometabolic risk factors [15]. Although some studies
indicated a higher risk of cardiovascular disease-related
mortality (HR 1.30) [25, 26], others did not confirm this
result in the general population, but only in those with
biopsy-proven MASH [24] or other risk factors like T2D
[15]. Normal-weight individuals with SLD have a higher
mortality risk despite having a lower incidence of cirrhosis
and T2D, while the incidence of cardiovascular disease and
cancer is similar [27]. Overall, individuals with MASLD
have a higher risk of non-fatal cardiovascular disease (HR
1.40) [25], coronary heart disease (odds ratio [OR] 1.33)
[28], heart failure (OR 1.5) [29], chronic kidney disease (HR
1.43), T2D and diabetes-related peripheral polyneuropathy
(HRs 2.19 and 2.48, respectively) and obstructive sleep
apnoea (OSA, HR 2.22) [26].

In the general population, MASLD is not associated
with increased overall cancer-related mortality [24], but it
is associated with higher risk of HCC and certain extra-
hepatic cancers, mostly thyroid and gastrointestinal [30].

Which risk factors and comorbidities have the greatest
impact on the natural history of the hepatic disease
including hepatocellular carcinoma in MASLD?

Statements

e Type 2 diabetes and obesity (particularly abdominal
obesity) are the metabolic diseases with the strongest
impact on the natural history of MASLD, including
progression to MASLD/MASH-related advanced fi-
brosis, cirrhosis and hepatocellular carcinoma (LoE 2,
strong consensus).

e Males aged >50 years, postmenopausal women, and
individuals with multiple cardiometabolic risk factors
are at increased risk of progressive fibrosis and the
development of cirrhosis and its complications (LoE 2,
strong consensus).

Compared to matched control populations, individ-
uals with MASLD have increased all-cause mortality of
17.05/1,000 PY (range 10.31-28.05). In individuals with
MASH, liver-related mortality is as high as 25.6/1,000 PY
(range, 6.3-103.8) [31], with fibrosis stage being the
strongest predictor for liver-related mortality and HCC
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risk in biopsy-proven MASLD [32, 33]. Fibrosis pro-
gression in turn is mostly influenced by older age (though
this may be more related to duration of exposure), post-
menopausal state, Hispanic ethnicity, the presence and
severity of cardiometabolic risk factors, as well as envi-
ronmental and genetic factors [34]. While the strongest
modifiable factor (alcohol) and genetic background are
discussed later, this section will focus on the relative
impact of cardiometabolic comorbidities on the pro-
gression to cirrhosis and its complications (ascites, he-
patic encephalopathy, oesophageal varices bleeding)
including HCC.

MASLD is closely linked to and often precedes the
development of cardiometabolic risk factors, in particular
T2D [33]. Conversely, having several cardiometabolic
risk factors confers a greater risk of progressive liver
damage and major adverse liver outcomes [17, 35]. Age
(>50 years), insulin resistance and multiple car-
diometabolic risk factors all increase the probability of
MASH, severe fibrosis/cirrhosis and both overall and
liver-related mortality [36]. Nevertheless, the relative
impact of each cardiometabolic risk factor is not the same:
obesity and particularly T2D are the most important
determinants of the risk of cirrhosis and HCC. Fur-
thermore, MASLD is impacted by socioeconomic ineq-
uities, which are related to greater obesity prevalence,
lower nutritional quality and lower physical activity
[37-39].

Obesity

The presence, duration and severity of obesity are
associated with an increased risk of disease progression
in MASLD. According to the WHO, body mass index
(BMI) cut-offs of 25-29.9 kg/m? and >30 kg/m? define
overweight and obesity, respectively, in non-Asians
[40], while BMI cut-offs are lower for Asians (23-
24.9 kg/m? for overweight and >25 kg/m? for obesity)
[41] (see Table 3]. Visceral fat distribution, i.e. ab-
dominal obesity, mediates the majority of the car-
diometabolic risk [42]. Waist circumference is a crude
index of abdominal obesity and visceral fat accumu-
lation, although the definition of cut-offs is sex- and
population-dependent [42]. The current cut-offs
of >94 cm in men and >80 cm in women for Cauca-
sians (and adjusted for other ethnicities) are associated
with an increased cardiometabolic risk [40, 42] and
increased risk for MASLD.

Prospective studies with paired liver biopsies showed
that weight gain of >5 kg, higher insulin resistance and
more pronounced hepatic steatosis during follow-up were
associated with the progression of fibrosis [43]. In the
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Million Women Study, the adjusted relative risk of cir-
rhosis increased by 1.3 for each 5-unit rise in BMI of
women followed-up for 6.2 years [44].

Overweight or obesity in individuals with compensated
cirrhosis at baseline are associated with a higher risk of
clinical decompensation, independently of liver function,
portal pressure and underlying aetiology of liver disease
[45]. Furthermore, obesity is associated with a significantly
increased risk of HCC development and HCC-related
mortality [46]. This association was found in persons
with cryptogenic cirrhosis and alcohol-related cirrhosis but
not in individuals with liver diseases of other aetiologies
[47]. The early onset of obesity has a meaningful impact on
the development of HCC, as shown in a case-control study
comparing 622 individuals with newly diagnosed HCC and
660 healthy controls, where obesity in early adulthood was
associated with HCC development [48].

Type 2 Diabetes Mellitus (T2D)

The presence and duration of T2D is the major
determinant of fibrosis progression and HCC devel-
opment in people with MASLD [49]. MASLD is highly
prevalent in individuals with T2D [50], and T2D is
associated with an increased risk of liver fibrosis, as-
sessed by vibration-controlled transient elastography
(VCTE) and/or magnetic resonance (MR)-based
techniques [51], or with the prevalence of advanced
(F3-F4) fibrosis on histology in biopsy-proven
MASLD/MASH, ranging from 30 to 38% [49, 52].
Furthermore, in a study on 447 adult participants with
MASLD and paired liver biopsies >1 year apart, in-
dividuals with T2D had a significantly higher cumu-
lative incidence of fibrosis progression at 4 years (24%
vs. 20%), 8 years (60% vs. 50%), and 12 years (93% vs.
76%) (p <0.005), with an adjusted HR of 1.69 (95%
confidence interval [CI], 1.17-2.43; p <0.005) on
multivariate analysis [53].

In addition, T2D is also associated with poor outcomes in
individuals with biopsy-proven MASH and compensated
cirrhosis, including a 4-fold increased risk of death and an
approximately 2-fold increased risk of liver-related out-
comes, including HCC, over a median follow-up of 5 years
[54]. Another study reported a 4-fold increased risk of HCC
in individuals with T2D and MASH-related cirrhosis fol-
lowed for 47 months [55]. T2D was also found to be the
strongest independent risk factor for the development of
HCC in a large European population-based study that in-
cluded 136,703 individuals with MASLD and a low preva-
lence of advanced fibrosis as assessed by FIB-4 [56]. Fur-
thermore, the HR for HCC significantly increased from 1.07
in the absence of T2D to 8.36 in the presence of T2D [57].
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Different subtypes/endotypes/clusters of T2D are
associated with different risks of disease progression
[58, 59], with particularly high risk for MASLD/MASH
progression in those individuals with severe insulin
resistance [60]. Simple clinical variables can be used to
determine diabetes endotypes and are available at
https://diabetescalculator.ddz.de/diabetescluster/.
Such pathophysiological heterogeneity can already be
observed in individuals before the onset of T2D [61].
Of note, the effect of T2D on HCC risk is not unique to
MASLD but also extends to other aetiologies.

Hypertension and Dyslipidaemia

Individuals with MASLD have a high rate of dysli-
pidaemia as well as hypertension [33]. Hypertension per
se has been associated with fibrosis progression in a large
meta-analysis [62] and in a large retrospective study of
271,906 individuals with MASLD; those with both hy-
pertension and dyslipidaemia had a 1.8-fold higher risk of
progression to cirrhosis or HCC compared to individuals
with no cardiometabolic risk factor [57].

Impact of Multiple Cardiometabolic Risk Factors

The risk of disease progression and HCC clearly increases
in the presence of multiple metabolic risk factors. In a large
US cohort, individuals with only one cardiometabolic risk
factor (e.g., hypertension, dyslipidaemia, or obesity) had a
low risk of progression to cirrhosis or HCC, but each ad-
ditional metabolic trait led to a stepwise increase in this risk,
with T2D having the strongest association [57]. In a
population-based study [63], the cumulative incidence of
moderate-to-advanced liver fibrosis estimated by VCTE was
2.8% and 1.9%, respectively, over a median period of around
4 years. This incidence was higher in MASLD (7.1% for liver
stiffness measurement [LSM] >8.0 kPa and 5% for LSM >9.2
kPa) and dysglycaemia (6.2% for LSM >8.0 kPa and 4.7% for
LSM >9.2 kPa) subgroups. In the global cohort, dysgly-
caemia, abdominal obesity and atherogenic dyslipidaemia
were independent determinants of progression to moderate-
to-advanced liver fibrosis.

Obstructive Sleep Apnoea (OSA) and Polycystic Ovary

Syndrome (PCOS)

Both OSA and PCOS are associated with MASLD,
and several studies suggest OSA is also associated with
more advanced MASLD/MASH histology [64, 65],
while only one study reported an association between
PCOS and MASH severity or advanced fibrosis [66].
However, the available evidence does not support a
strong effect of OSA and PCOS on the risk of liver
disease progression or HCC.
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Table 5. Tools to quantify alcohol consumption and identify alcohol use disorders [75]

Psychometric instruments

Biomarkers

e Medical history (including current and prior alcohol intake and drinking

pattern)

e Quantity frequency questionnaires and diaries (Timeline Followback)

e Apps (e.g. Drinkaware)

e AUDIT (Alcohol Use Disorders Inventory Test) questionnaire — 10

questions
e AUDIT-C (shortened version, 3 questions)

e SIAC (Systematic Inventory of Alcohol consumption, 3 questions)

Indirect alcohol markers:

e GGT, AST, AST>ALT, MCV, %CDT

Direct alcohol markers:

Alcohol (EtOH) in breath and/or serum

Ethyl glucuronide (in urine or hair)
Phosphatidylethanol

Less established: ethyl sulfate, fatty acid ethyl
esters

AST/ALT, aspartate/alanine aminotransferase; CDT, carbohydrate-deficient transferrin; GGT, gamma-glutamyltransferase; MCV,

mean corpuscular volume.

Menopausal Status

Menopausal status is associated with approximately 2.4-
fold higher odds of MASLD [67]. Women aged >50 years
have increased odds of advanced fibrosis due to MASLD
even after adjustment for covariates [68]. The risk of severe
fibrosis is elevated even in normal-weight post-menopausal
women with MASLD compared to normal-weight pre-
menopausal women with MASLD [69]. The association of
menopause with severe fibrosis is, in part, mediated by
older age and change in body fat composition.

Ethnicity

In the US, the prevalence of steatohepatitis with or without
T2D is highest in the Hispanic population [70]. It is inherently
difficult to dissect the impact of genetic, cultural, socioeconomic
and ethnic factors on MASLD progression. However, a meta-
analysis of 34 studies reported that the prevalence and severity
of MASLD differs among ethnic groups in the US [71].

Smoking

Smoking has been associated with an increased risk of HCC
independent of aetiology [72] as well as in MASLD specifically
[73]. In a meta-analysis of 81 studies, the pooled OR for HCC
development was 1.55 (95% CI: 1.46 to 1.65) in current smokers
and 1.39 (95% CIL: 1.26 to 1.52) in former smokers [74]. In
addition, the overall adverse health effects further support
smoking cessation in individuals with MASLD.

Does any alcohol consumption in adults with non-cirrhotic
or cirrhotic MASLD have an adverse effect on the natural
course of liver disease?

Statements

e Accumulating evidence shows that alcohol consump-
tion and metabolic risk factors have modifying effects
on the onset and progression of chronic liver disease
which are independent and can be synergistic (LoE 2,
strong consensus).
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o The presumed beneficial health effects of moderate
alcohol consumption are inconsistent across studies
and emerging evidence does not support a protective
effect of light to moderate amounts of alcohol, par-
ticularly in individuals with cardiometabolic risk fac-
tors (LoE 3, strong consensus).

Recommendations

e The amount, pattern and history of alcohol intake
should be documented in all individuals with SLD (LoE
3, strong recommendation, strong consensus).

e Alcohol intake may be qualitatively and quantitatively
assessed by validated instruments and/or specific
biomarkers in individuals with SLD (Table 5) (LoE 3,
open recommendation, strong consensus).

e Individuals with SLD, particularly those with moderate
or high alcohol intake, should be discouraged from
consuming alcohol (LoE 3, strong recommendation,
consensus).

e All alcohol consumption should be stopped completely
and permanently in individuals with advanced fibrosis
or cirrhosis (LoE 3, strong recommendation, strong
consensus).

The consequences of alcohol consumption in people
with MASLD are multidimensional, including consider-
ations regarding liver-related events, overall mortality,
cancer occurrence and cardiovascular outcomes, in par-
ticular coronary artery disease. Most studies are fraught
with uncertainties around the amounts of alcohol con-
sumed [76, 77]. While earlier studies found that any level of
alcohol consumption is deleterious for overall health [78],
particularly because of increased cancer incidence, more
recent analyses from the Global Burden of Disease Study
have nuanced that interpretation [79]. The impact of al-
cohol consumption depends on background disease rates,
which vary by region, age, sex, and year. In young adults,
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thresholds of healthy alcohol consumption are close to
zero. In older populations facing a high burden of car-
diovascular disease [79], small amounts of alcohol con-
sumption are associated with improved health outcomes
[79, 80]. Even if the validity of the J-shaped relative risk
curve has been debated [81, 82], these findings suggest that
the population-average risk is a synthesis of risks for di-
verse health outcomes (e.g. heart disease, cancer, injuries),
which have differently shaped risk relationships with al-
cohol consumption, and are more or less relevant to
different sociodemographic groups [83]. Moreover, pat-
terns of drinking are an important consideration since
irregular heavy drinking and binge drinking might offset
protective effects, in particular for coronary artery disease
[82], and have been shown to be an independent risk factor
for liver-specific outcomes [8].

Equally important may be the possible synergy between
alcohol consumption and the presence of metabolic risk
factors for liver disease progression [76, 84], with the
strongest effect for central obesity [85]. This corroborates
older findings of BMI as an independent risk factor for
fibrosis in individuals with ALD [86]. After adjustment for
different confounders, the increased risk of liver-related
mortality in overweight or obese men starts at 15 drinks
per week (roughly 30 g of alcohol per day)[87]. While this
supra-additive effect has been well documented at the
general population or cohort level, at the individual level
the relative contribution of alcohol vs. metabolic risk
factors cannot currently be predicted. This is a clear
limitation when issuing general recommendations for safe
levels of alcohol consumption in individuals with MASLD.

In people with non-cirrhotic MASLD the evidence for
low or moderate alcohol consumption is conflicting. Earlier
cohort and cross-sectional studies on individuals with non-
cirrhotic MASLD showed no effect or even protective effects
of low-moderate alcohol consumption on overall mortality,
MASLD and steatohepatitis [88-91]. However, this has
been challenged by emerging data from longitudinal studies
[92]. Hence, an emerging body of evidence now suggests
that any level of alcohol consumption, even within rec-
ommended limits, is associated with worsening of liver
outcomes in MASLD and that moderate levels of alcohol are
associated with a doubling of incident liver disease [93].
Recent meta-analyses found no protective effects against
cirrhosis at any level of drinking when compared to long-
term abstainers [94]. In women, cirrhosis risk increases with
moderate alcohol consumption (starting at one to two
drinks per day) and is higher when alcohol is consumed
daily [95] and outside meals [96]. However, in men, there is
some evidence for a threshold effect at higher daily levels,
although precise estimates of this threshold are not available
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[94]. Alcohol consumption may also increase the risk of
HCC in persons with obesity, with a synergistic interaction
even after adjustment for multiple carcinogenic con-
founders [97]. The interaction of alcohol with metabolic risk
factors increases the risk of HCC [98]. Finally, the evidence
for cardiovascular protection is conflicting in individuals
with MASLD [99], with a documented lack of protection
towards subclinical atherosclerotic markers or lesions [100].

Very few data are available specifically for MASLD-
related cirrhosis. In a large series of individuals with
alcohol-related cirrhosis, even comparatively low levels of
consumption (1-6 glasses per week) were associated with
reduced overall survival and increased occurrence of hepatic
decompensation, thus supporting total abstinence in indi-
viduals with compensated cirrhosis [101]. In a retrospective
longitudinal study of 195 individuals with MASH-related
cirrhosis, alcohol consumption was an independent pre-
dictor of HCC occurrence [102]. Any level of alcohol
consumption, including social drinking, was associated with
an increased risk of HCC development vs. abstinence [102].
Conversely, obesity increases the risk of HCC in individuals
with alcohol-related cirrhosis [47]. Therefore, we recom-
mend discouraging alcohol consumption in all individuals
with SLD, particularly in those with moderate (4-7 drinks
per week for women or 4-14 drinks per week for men) and
high (>7 drinks per week for women, >14 drinks per week
for men) alcohol consumption.

Prevention

In the general population or high-risk groups, can non-
pharmacological measures be recommended to prevent
the development of MASLD and its adverse complica-
tions, including hepatocellular carcinoma?

Recommendation

e In the general population, non-pharmacological mea-
sures should be recommended to prevent the devel-
opment of MASLD and its complications, including
hepatocellular carcinoma, and preventive measures
should be reinforced in high-risk groups (LoE 3, strong
recommendation, strong consensus).

As outlined above, obesity and T2D are strong risk
factors for the development and progression of MASLD
and are associated with liver-related outcomes including
HCC. In addition, an unhealthy diet and a sedentary
lifestyle increase the risk of MASLD. Therefore, there is
substantial potential to prevent MASLD through lifestyle
interventions. Observational prospective studies show
an inverse association of MASLD development with the
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Mediterranean diet or similar healthy dietary patterns
[103, 104], and a direct association with unhealthy
patterns [105]. Moreover, improved diet quality (see
below) has been associated with a lower risk of new-
onset MASLD [103]. Prospective studies have also
shown that better adherence to healthy eating patterns
may decrease the risk of developing HCC [106-109].
With regard to specific nutrients or foods, prospective
studies showed that sugar-sweetened beverages and red
meat consumption (unprocessed and processed) were
associated with an increased risk of developing MASLD
(in a dose-dependent manner), [110, 111], liver cancer
and liver disease-related mortality [112, 113].

There is evidence that smoking is related to MASLD,
liver fibrosis and liver cancer [114]. Furthermore, physical
activity is related to reduced risk of MASLD [115], HCC and
liver-related mortality [116]. Altogether, a healthy lifestyle
has been associated with a reduced risk of HCC [117, 118].

The high availability of low-cost, ultra-processed, high-
sugar food and drinks, and the marketing thereof, have
been identified as important factors in promoting obesity
and associated diseases, including MASLD. Recognising
the potential of public policies to prevent obesity and
MASLD, we would like to echo the recommendations laid
out by the EASL-Lancet Liver Commission in 2021 [1].
Public measures may include a unified European approach
in regulating unhealthy food and beverage marketing,
subsidising the availability of high-quality healthy food,
public educational programmes to increase food literacy
and health awareness, and the promotion of industry-led
food reformulations [1]. Particularly front-of-package
nutrition labelling may help enable people to make con-
scious food choices and judge the quality of food [119].

Screening, Case-Finding, Diagnosis and Monitoring

Should a policy of screening for MASLD at risk of fi-
brotic disease (or fibrosis progression) in primary care or
at the non-hepatology specialist level be implemented in
the general population or only in individuals with
cardiometabolic risk factors?

Which at-risk individuals should undergo case-finding
for MASLD at risk of fibrotic disease (or fibrosis pro-
gression) in the primary care (or other specialty) setting
to reduce hepatic complications of MASLD?

Recommendations

o Healthcare providers may consider -case-finding
strategies for MASLD with liver fibrosis in individ-
uals with cardiometabolic risk factors (Table 3], ab-
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normal liver enzymes, and/or radiological signs of
hepatic steatosis (LoE 3, weak recommendation,
consensus).

o Healthcare providers should look for MASLD with
liver fibrosis either in individuals with (A) type 2
diabetes or (B) abdominal obesity and >1 additional
metabolic risk factor(s) (Table 3] or (C) abnormal
liver function tests (LoE 3, strong recommendation,
consensus).

Statement

o Early diagnosis of fibrosis and subsequent appropriate
management can potentially prevent progression to
cirrhosis and its complications and may justify
screening in these populations at risk (LoE 3, strong
consensus).

In deciding whether a medical condition warrants
screening, the Wilson and Jungner criteria are often
applied [7]. While there is no doubt that MASLD is
highly prevalent [120], the absolute risk of liver-related
events from MASLD in the general population is very
low [121]. So far, no randomised-controlled trial (RCT)
has demonstrated that MASLD screening improves
clinical outcomes in either the general population or
hospital setting.

The natural history of MASLD is relatively well-
defined, though there is substantial individual vari-
ability in disease trajectories [120]. It takes decades for
MASLD to progress to cirrhosis and hepatic decom-
pensation [62]. The risk of future liver-related events
starts to increase at fibrosis stage 2 [122, 123]. Al-
though HCC may develop in non-cirrhotic MASLD,
cirrhosis remains the key risk factor for HCC [124]. If
one can prevent MASLD from progressing to cir-
rhosis, theoretically most liver-related events can be
prevented.

Various professional societies have recommended
clinical care pathways with an emphasis on the use of
non-invasive tests (NITs) and the liaison between pri-
mary care/non-hepatology and hepatology settings
[125-128]. These pathways all start with simple fibrosis
scores comprising routine clinical and laboratory pa-
rameters and should be practical in most settings. These
tests should be acceptable to most individuals and can be
performed repeatedly at an affordable cost. A recent RCT
at general medical and diabetes clinics showed that au-
tomated fibrosis score calculation followed by reminder
messages in the electronic health system could increase
the referral of individuals with increased fibrosis scores to
hepatologists for specific fibrosis testing (from 3% to
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Fig. 2. Proposed strategy for non-invasive assessment of the risk
for advanced fibrosis and liver-related outcomes in individuals
with metabolic risk factors or signs of SLD. Individuals with (A)
T2D or (B) abdominal obesity and >1 additional cardiometabolic
risk factor(s) or (C) persistently elevated liver enzymes should
undergo a multi-step diagnostic process, as indicated in the figure,
to identify individuals with MASLD and advanced fibrosis. The

33%) [129]. In individuals in whom life expectancy is
determined by extrahepatic factors (e.g. advanced age,
malignancies, advanced cardiovascular disease), case-
finding strategies for MASLD with fibrosis are not
recommended.

One key gap in screening or case-finding is how the
diagnosis may change disease management and improve
clinical outcomes. One may argue that regardless of the
diagnosis of MASLD, healthcare providers should ad-
vocate lifestyle changes in persons with metabolic risk
factors. However, in the minority who are diagnosed
with cirrhosis, surveillance for HCC and varices may
potentially improve outcomes. The introduction of
specific drug treatments for MASH, if able to reduce
progression to cirrhosis and/or prevent liver-related
outcomes, will further tip the balance in favour of
case-finding.
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algorithm can also be applied in case of incident finding of
steatosis. This strategy is intended to identify individuals at risk of
developing liver-related outcomes. ELF, enhanced liver fibrosis;
FIB-4, fibrosis-4 index; GLP1RA, glucagon-like peptide-1 receptor
agonist; MRE, magnetic resonance elastography; SLD, steatotic
liver disease; SWE, shear wave elastography; VCTE, vibration-
controlled transient elastography.

There have been positive cost-effectiveness studies on
MASLD or fibrosis screening in the general population
[130], and among individuals diagnosed with SLD [131],
metabolic syndrome [132], and T2D [133]. However, one
study modelling the primary care setting suggests that
screening with the NAFLD fibrosis score (NFS) is not
cost-effective [134]. Likewise, another study suggests that
screening by abdominal ultrasound followed by liver
biopsy is not cost-effective in individuals with T2D [135],
though this approach deviates from usual practice. Im-
portantly, most evidence was accrued in the US health-
care system and results on cost-effectiveness may not
easily be extrapolated to healthcare systems in European
countries.

Finally, there is initial evidence that first-degree
relatives of individuals with advanced liver fibrosis
due to MASLD are at increased risk of both MASLD
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(2- to 3-fold higher) and advanced liver fibrosis (~12-
fold higher), independently of metabolic risk factors
[9, 136].

In the adult population with MASLD, are selected non-
invasive scores and imaging modalities more useful than
liver enzyme testing for the detection of MASLD with
fibrosis?

In adults with MASLD or at-risk individuals, are
clinical care pathways based on the sequential appli-
cation of non-invasive scores and imaging cost-effective
for the identification and management of individuals
with MASLD at risk of fibrotic disease (or of fibrosis
progression) compared to referral based on physician’s
discretion?

Recommendations

e In adults with MASLD, non-invasive scores based on
combinations of blood tests or combinations of blood
tests with imaging techniques measuring mechanical
properties and/or hepatic fat content should be used
for the detection of fibrosis since their diagnostic ac-
curacy is higher than standard liver enzyme testing
(alanine [ALT] and aspartate aminotransferase [AST])
(LoE 2, strong recommendation, strong consensus).

e In adults with MASLD, a multi-step approach is
recommended (detailed in Fig. 2 and below): First, an
established non-patented blood-based score, such as
FIB-4, should be used. Thereafter, established imaging
techniques, such as liver elastography, are recom-
mended as a second step to further clarify the fibrosis
stage if fibrosis is still suspected or in high-risk groups
(LoE 2, strong recommendation, strong consensus).

e Tests of specific collagen-related blood constituents
(e.g. ELF) may serve as an alternative to imaging to
identify advanced liver fibrosis (LoE 2, open recom-
mendation, consensus).

e Clinical care pathways may be adopted based on the
sequential application of non-invasive scores and
imaging tests in adults with MASLD or at-risk indi-
viduals, recognising that most adults with MASLD are
seen in non-hepatology settings (LoE 2, weak rec-
ommendation, strong consensus).

Non-invasive methods for determining the grade of
fibrosis are mainly based on the examination of blood
components or on imaging methods that mostly reflect
mechanical tissue properties. Importantly, these methods
lack power in the general population and therefore are
only useful in selected cohorts of individuals with
MASLD. Furthermore, test performance is highly de-
pendent on the background prevalence of the condition
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to be tested. Therefore, as most tests were developed and

validated in a referral centre setting, they should only be

used in a primary care setting when specifically validated
for this purpose.

It has been shown that a combination of values from
blood tests and anthropometric data enables a better
prediction of fibrosis than single liver enzyme values
(ALT and/or AST). The following scores have been de-
scribed in the literature and were tested in several studies
for their predictive power for fibrosis:

o FIB-4 (Fibrosis-4 index) = age x AST/(platelet count x
4/(ALT)) (age in years, ALT and AST in U/L, and
platelet count in 10°/L) [137].

o APRI (AST to platelet ratio index) = (AST/TopNormal
AST) x (100/platelet count) [138].

o NFS (NAFLD fibrosis score) = -1.675 + 0.037 x age +
0.094 x BMI + 1.13 x impaired fasting glucose (yes = 1,
no = 0) + 0.99 x AST/ALT - 0.013 x platelet count -
0.66 x albumin (age in years; BMI in kg/m?% AST and
ALT in (U/L); platelet count in 10°/L and albumin in g/
dl) [139].

FIB-4 is the most widely established and available tool.
However, its ability to detect fibrosis is limited in the
intermediate range (1.3-2.67), in the elderly and in indi-
viduals with T2D [140]. FIB-4 as a single test may therefore
result in a high number of false positives, especially in
lower prevalence populations. Notably, in individuals
older than 65 years, a different lower FIB-4 cut-off of 2.0
applies. Both FIB-4 and the NFS have moderate accuracy
for predicting fibrosis stages >F3 with AUROCs of about
0.77 and 0.75 for FIB-4 and NEFS, respectively [141].
Furthermore, both FIB-4 and the NES perform poorly in
individuals younger than 35 years [142]. Recently,
machine-learning techniques have been applied to develop
optimised scores from multi-parametric inputs. Derived
scores (such as FIB-6) cannot be defined in closed for-
mulae but may have improved diagnostic value [143].

Several scores, including the LiverRisk, SAFE and MAF-
5 score are currently being developed for the population-
based setting [144-146]. Future studies will need to ad-
dress how these scores perform regarding accuracy, in
sequential testing and regarding cost-effectiveness.

Tests based on components of collagen formation can
provide additional evidence of fibrosis:

e The ELF™ (enhanced liver fibrosis) test produces a
single score based on quantitative measurements of
three serum markers of extracellular collagen meta-
bolism [147]. ELF = 2.278 + 0.851 x In(hyaluronic acid
[HA]) + 0.751 x In(amino-terminal propeptide of type
III procollagen [PIIINP]) + 0.394 x In(tissue inhibitor
of metalloproteinase 1 [TIMP-1]) as measured on the
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ADVIA Centaur XP/XPT system, Atellica IM Analyzer
and Atellica CI Analyzer. In a meta-analysis of 63
studies, ELF showed a relatively high performance in
detecting significant fibrosis, advanced fibrosis or
cirrhosis (AUROCs 0.811, 0.812 and 0.810, respec-

tively) [148].

o ADAPT - including age, presence of diabetes, PRO-
C3, and platelet count — has recently shown relatively
high performance in identifying MASLD with ad-
vanced fibrosis in the tertiary hepatology care setting
[149], and in ruling out advanced fibrosis in low-risk
populations [150].

Fibrosis leads to modified mechanical properties of the
liver, which can be assessed using imaging techniques,
such as ultrasound- and MR-based elastography [151].
e Special ultrasound devices enable liver transient elas-

tography. With the vibration-controlled transient elas-

tography (VCTE), liver stiffness measurement (LSM) and
controlled attenuation parameter (CAP) values are de-
termined which allow for a relatively reliable estimation of

the degree of fibrosis and steatosis, respectively [152, 153].

Other ultrasound-based methods implementable with

common ultrasound devices are two-dimensional shear

wave elastography and point shear wave elastography

[154]. They show a similar ability to assess the degree of

fibrosis as VCTE [155, 156]. Unfortunately, adults with

class 2 obesity cannot be reliably examined with many of

these ultrasound techniques [157].

e MR elastography (MRE) for assessment of liver stiff-
ness requires specialised hardware to generate me-
chanical waves and dedicated acquisition techniques,
which are only available at a few sites [154]. Several
substantial comparative studies have shown that MRE
provides at least equal quality in fibrosis staging as
ultrasound-based elastography techniques [158, 159].
Advantages of MRE for the diagnosis of advanced
fibrosis were reported recently [160].

e Another, more indirect MRI-based method for MASH
and fibrosis diagnostics called LiverMultiScan can be
performed with common MRI units without an elas-
tography unit. Since intracellular and extracellular
areas of the liver differ in their T1 relaxation times, a
‘corrected T1” (cT1) map can be generated from T1
values (with correction for effects of iron by parallel
T2* measurement). Resulting values provide a good
estimate of the relative proportion of extracellular
space and thus inflammatory activity and degree of
fibrosis [161, 162]. However, low availability and high
costs limit its wider use. Whether its performance
exceeds that of PDFF-based measurement of liver lipid
content remains to be determined.
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Quantitative assessment of liver lipid content is helpful
for the grading of liver steatosis and for monitoring the
effects of an intervention. MRI can be used to quantify the
triglyceride content (usually expressed as proton density
fat fraction [PDFF]) in the liver and is the non-invasive
gold standard for hepatic lipid quantification in MASLD
[163, 164]. It is important to note that the percentage of
PDFF is not directly comparable to the percentage of
steatosis on histology. The latter percentage indicates the
proportion of hepatocytes that are macroscopically fatty,
whereas PDFF provides an estimate of the volume
fraction of lipids in the liver (different from histological
grade of steatosis) [165]. Localised 'H-magnetic reso-
nance spectroscopy (MRS) can also be used to assess
hepatic lipid content and is even more sensitive than
imaging, especially for accurate quantification of low-
lipid content [166]. Methods for lipid quantification in
the liver are now available on most clinical MRI units.
Ultrasound-based CAP values provide a good estimate of
the liver steatosis grade [167]. While CT scans obtained in
clinical routine (usually performed for other purposes)
can provide a rough estimate of liver steatosis and thereby
suggest SLD [163], this method is not suitable for proper
assessment of steatosis.

Combined scores for fibrosis diagnosis that use blood
analyses and imaging results (elastography and steatosis
evaluation) have been proposed and tested in recent
years:

o MAST = MRE + MRI-PDFF + AST [168];
o FAST = VCTE (LSM, CAP) + AST [169];
e MEFIB = MRE + FIB-4 [170, 171].

Which one of these scores has superior diagnostic
performance is currently under investigation [172, 173]
but may depend on the population studied (e.g. diabetes
alone) [172].

Recommended Strategy in Adults with Suspected

MASLD

The presence of MASLD and advanced fibrosis should
be evaluated in individuals with (A) T2D or (B) abdominal
obesity and >1 additional metabolic risk factor(s) or (C)
persistently elevated liver enzymes (Fig. 2]. A multi-step
process is recommended to identify individuals with ad-
vanced fibrosis. First, a FIB-4 test should be performed. As
depicted in Fig. 2, individuals with a relevant risk profile
should follow different pathways depending on the result of
this test, owing to a potentially high number of individuals
in this group with unidentified advanced fibrosis [49, 52]. If
FIB-4 is below 1.3, these individuals can be assumed to be at
low risk of advanced fibrosis and may be re-assessed every
1-3 years. However, despite the high negative predictive
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Table 6. Targets of different non-invasive techniques (selection) and suggested thresholds for ruling out/in certain features of
MASLD

Prediction of liver-
related outcomes

Non-invasive Test Biological processes reflected Rule-out cut-off Rule-in cut-off

Primary target: Hepatic steatosis

US scan - standard Lipid content N/A N/A +
VCTE: CAP (Controlled Lipid content S1: 248 dB/m ?
attenuation S2: 268 dB/m
parameter) [167] S3: 280 dB/m
MRI — MRI-PDFF ([164]) Lipid content S1: 5% +
S$2: 11-18%
S3: 16-23%
Primary target: Hepatic fibrosis
AST/ALT ratio [153, 176] Stress to hepatocytes F3:0.8 F3: 1.0 +
FIB-4 [141, 159, 176] Stress to hepatocytes, F2: 0.66-0.89 F2: 2.67 ++
hypersplenism F3:1.3 F3: 2.67
APRI [159, 176] Stress to hepatocytes, F3: 0.5 F3: 1.5 ++
hypersplenism
NFS [139, 176] Stress to hepatocytes, F3:-1.455 F3: 0.676 ++
hypersplenism, metabolic
burden
ELF [148, 177] Collagen metabolism F3:7.7 F3:9.8 +++
ADAPT [150] Collagen metabolism, F3: 4.46 F3:7.15 ?
hypersplenism, metabolic
burden
VCTE: LSM (liver stiffness) Fibrosis, extracellular volume F3: 8 kPa F3: 12 kPa +++
[157, 176, 177] fraction
US - 2D-SWE [156] Fibrosis, extracellular volume F3: 8 kPa F3: 10.5 kPa +++
fraction
MRI - MRE [171, 178] Fibrosis, extracellular volume F2: 3.14 kPa +++
fraction F3: 3.53 kPa
F4: 4.45 kPa
MEFIB [170, 171] Stress to hepatocytes, fibrosis,  F2: MRE <3.3 kPaand F2: MRE >3.3 kPaand +++
hypersplenism FIB-4 <1.6 FIB-4 >1.6
Primary target: “At-risk MASH"”
FAST [169, 176] Stress to hepatocytes, fibrosis, 0.35 0.67 ++
lipid content
MAST [168] Stress to hepatocytes, fibrosis, 0.165 0.242 ++
lipid content
Corrected T1 [161] Extracellular volume fraction, 825 ms 875 ms ++
(fibrosis)
NIS2+ [179] Stress to hepatocytes, fibrosis, 0.46 0.68 ?

extracellular matrix remodelling

ADAPT, age, presence of diabetes, PRO-C3, and platelet count; ALT, alanine aminotransferase, APRI, AST to platelet ratio index;
AST, aspartate aminotransferase; CAP, controlled attenuation parameter; ELF, enhanced liver fibrosis; F1-F4, fibrosis stage (F2: moderate
fibrosis, F3: severe fibrosis, F4: cirrhosis); FAST, FibroScan-AST, MAST, MRI-AST; MEFIB, MRE combined with FIB-4, MRE, magnetic
resonance elastography; NFS, NAFLD fibrosis score; PDFF, proton density fat fraction; S1-S3, stage of steatosis (S1: mild (<10% he-
patocytes), S2: moderate (10-30% hepatocytes), S3: severe (>30% hepatocytes) steatosis); SWE, shear-wave elastography; VCTE, vi-
bration-controlled transient elastography; US, ultrasound. The predictive value of the test/procedure for liver-related outcomes (e.g.
cirrhosis complications, HCC, liver-related death) is qualitatively depicted (+ low, ++ moderate, +++ high, ? unknown). Merged cells
represent non-invasive techniques with single cut-offs.
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value, clinicians should recognise that FIB-4 will miss
around 10% of individuals with advanced fibrosis, and it
has not been formally demonstrated that repeating FIB-4
over time is effective in picking up the remaining indi-
viduals. If FIB-4 is >1.3 (or >2.0 in individuals aged >65),
the risk for advanced fibrosis is increased. However, due to
the low predictive value, the high number of false positive
results may create a high subsequent testing burden. Thus,
two options are recommended in individuals with FIB-4
scores between 1.3 and 2.67, depending on medical history,
clinical context, and local resources. One option is that
individuals proceed to liver elastography (e.g. VCTE) as a
second step to clarify the stage of fibrosis; this option is
particularly suggested in individuals with FIB-4 values close
to 2.67 or in high-risk conditions. An alternative option is
that individuals with FIB-4 values between 1.3 and 2.67
undergo a 1-year intervention of lifestyle change and in-
tensified management of cardiometabolic risk factors. If the
re-tested FIB-4 level is still elevated after 1 year, elastog-
raphy is recommended as the second step to clarify the
stage of fibrosis. Blood tests for specific collagen blood
components (e.g. ELF) can be used as an alternative to
elastography or a supplementary method for detecting
advanced liver fibrosis. This stepwise approach demon-
strated practicability to identify individuals at risk of de-
veloping liver-related events in early follow-up [174]. This
approach also serves to stratify individuals into clinical care
pathways (e.g. general practitioner, diabetologist, hepatol-
ogy specialist referral) according to their risk of developing
liver-related outcomes [175].

In adults with MASLD, should non-invasive scores, cir-
culating biomarkers, liver stiffness measurement, and
imaging methods replace liver biopsy for the diagnosis of
metabolic dysfunction-associated steatohepatitis (MASH)
and/or advanced fibrosis?

Recommendation

e Blood biomarker-derived scores and elastography
should be used to exclude advanced fibrosis, while
elastography is better suited to predict advanced fi-
brosis (LoE 2, strong recommendation, consensus).

Statements

 None of these non-invasive methods can assess relevant
microscopic features of MASLD such as ballooning or
lobular inflammation (LoE 2, strong consensus).

e Some blood biomarker-based scores may help to
identify individuals with MASH at risk of disease
progression (LoE 3, consensus).

EASL-EASD-EASO Guidelines on the
Management of MASLD

 Blood biomarker-derived scores and elastography can
help in risk stratification for clinical outcomes, as
observational studies have identified thresholds related
to liver-related outcomes and mortality (LoE 3, strong
consensus).

e In most cases, liver biopsy is not required for clinical
management of individuals with MASLD; however,
liver biopsy is still required for the definite diagnosis of
steatohepatitis and can help to rule out alternative
causes of liver disease (LoE 1, strong consensus).

Non-invasively obtained blood-based biomarkers
(such as FIB-4 and ELF) and measurements of liver
stiffness (VCTE or MRE) are suitable for reliably de-
tecting advanced fibrosis with positive and negative
predictive values strongly dependent on the chosen cut-
off values and the prevalence of fibrosis of different stages
in the studied population. Sensitivity generally increases
with increasing degree of fibrosis.

The different approaches measure different properties
or processes in the liver. This is important when inter-
preting their results (Table 6): AST and ALT enzymes and
derived scores indicate (if other causes of their elevation
can be ruled out) hepatic inflammation or hepatocyte
injury; ELF and ADAPT indicate increased collagen
metabolism; while elastography methods are sensitive to
the amount of existing (cross-linked) extracellular col-
lagen structures (see Table 6] [140].

These non-invasive methods are also useful for mon-
itoring the course of disease and the effect of therapeutic
interventions (degree of steatosis and stage of fibrosis).
However, when interpreting changes, variability in results
under similar conditions needs to be considered. This
variability may be lower when using the same methods/
devices/labs for individual follow-up studies [140].

Although all non-invasive methods (in contrast to the
limited sample by biopsy) can provide information on the
entire liver (even spatially resolved in the case of imag-
ing), no histological characteristics of the tissue can be
assessed. Only liver biopsy allows for an assessment of
microscopic features (ballooning, lobular inflammation,
Mallory bodies, microvesicular vs. macrovesicular stea-
tosis, staging of fibrosis), including the presence of
MASH. However, the presence of steatohepatitis (inde-
pendent of fibrosis stage) may not impact treatment
decisions and therefore, a liver biopsy is usually not
required for the clinical diagnosis and treatment of
MASLD. §till, liver biopsies may be considered essential
as part of clinical studies (e.g. to determine the NAFLD
activity score [NAS]) or to rule out other diseases (e.g.
autoimmune hepatitis).
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In adults with MASLD, should non-invasive scores, circu-
lating biomarkers, liver stiffness measurement, and imaging
techniques be used as a surrogate for liver biopsy to monitor
progression of MASH and predict liver-related outcomes?

Recommendations

e In adults with MASLD, sequential assessment with non-
invasive tools may assist in ruling out fibrosis progression
(LoE 3, weak recommendation, strong consensus).

e In adults with MASLD, non-invasive tools can help predict
the risk of overall and liver-related events and mortality
(LoE 2, weak recommendation, strong consensus).

In a retrospective longitudinal study with paired liver
biopsies (median time interval: 2.6 years), the increase over
time of APRI, FIB-4 and NFS was significantly associated
with one-stage fibrosis progression (cross-validated
C-statistic >0.80). FIB-4 and NFS had high negative pre-
dictive values (around 90%), but suboptimal positive pre-
dictive values for predicting progression to advanced fibrosis
[180]. Six retrospective cohort studies on individuals with
biopsy-proven MASLD showed that NFS and FIB-4 predict
the occurrence of liver-related events (AUROCs from 0.72 to
0.86) and overall mortality (AUROCs from 0.67 to 0.82)
[181, 182], with a similar or lower accuracy compared to
histology. Other studies have shown that FIB-4 can predict
liver-related mortality in biopsy-proven or clinically diag-
nosed MASLD [183], APRI >1.5 predicted HCC occurrence
in Asian individuals with an ultrasound diagnosis of
MASLD [184], and NFS predicted cardiovascular mortality
in the NHANES cohort [185]. Retrospective analyses have
provided further evidence of the potential of FIB-4, NFS and
ELF to predict progression to cirrhosis and liver-related
events [186, 187]. Importantly, the diagnostic accuracy of
FIB-4 and NFS for monitoring MASLD progression has not
been extensively tested in the therapeutic setting.

Evidence also exists for the ability of elastography
techniques such as LSM by transient elastography to predict
outcomes in MASLD (Table 6]. Several observational studies
showed that LSM had good accuracy for liver-related events,
liver-related and overall mortality [176, 183, 188]. Similarly,
baseline LSM was an independent risk factor for developing
HCC, hepatic decompensation and liver-related death in
individuals with advanced MASLD-related fibrosis/
compensated cirrhosis [189]. In longitudinal studies with
serial VCTE measurements, changes in LSM (20% increase,
stable, 20% decrease) correlated with the risk of liver-related
events (including HCC) and liver-related death [176, 189].
In a retrospective analysis in persons with advanced fibrosis
included in clinical trials, an LSM cut-off of >16.6 kPa (HR
3.99, 95% CI 2.6-5.98) and a >5.5 kPa increase (and >20%;

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

390

HR 1.98, 95% CI 1.20-3.26) predicted the development of
cirrhosis, whereas LSM >30.7 kPa predicted liver-related
events (HR 10.13, 4.38-23.41) [190]. A recent individual
participant data meta-analysis including 2,518 participants,
with a median follow-up of 57 months, showed that time-
dependent AUC:s at 5 years were 0.72 for histology, 0.76 for
LSM-VCTE, 0.74 for FIB-4, and 0.70 for NFS. All these tests
were significant predictors of the primary outcome (overall
mortality and liver-related outcomes) [191].

Of note, VCTE measurements are highly variable
[192], with a coefficient of variation of up to 60% in those
with cirrhosis  [193]. Furthermore, high VCTE
measurements >7.9 kPa may not be reproducible at sub-
sequent measurements in about one-third of individuals
[194]. In addition, despite a clear correlation between
longitudinal changes of FIB-4 and risk of clinical outcomes,
up to 50% of individuals with liver events may have per-
sistently low FIB-4 [195]. Furthermore, only a very small
proportion of individuals developed liver-related events,
despite one-third of the population having intermediate or
high FIB-4 on >1 occasion [195]. The coefficient of vari-
ation of individual NIT's can hence be substantial and needs
to be considered when proposing them as markers of
disease evolution, particularly on an individual basis.

Recent retrospective studies also evaluated the clinical
meaning of dynamic changes in FIB-4 and LSM (as mea-
sured by VCTE) on long-term outcomes. A large
population-based Swedish study in individuals with available
FIB-4 at two time points within 5 years reported that
progression from a low or intermediate to a high-risk group
was associated with an increased risk of developing severe
liver disease (HR 7.99 and 8.64, respectively) [196]. Along
this line, a retrospective analysis of 533 cases with com-
pensated advanced chronic liver disease related to MASLD
demonstrated that changes in LSM independently predicted
the occurrence of hepatic decompensation, HCC, overall
mortality, and liver-related mortality [189]. Further pro-
spective studies are needed to optimise the cut-offs for risk
stratification and to evaluate the impact of changes in non-
invasive scores and LSM on long-term outcomes.

In adults with MASLD, does genetic testing (alone or in
combination) provide an additional advantage over other
non-invasive scores and imaging in predicting risk of liver
disease development, severity, progression and liver-related
outcomes, or response to specific therapeutic approaches?

Recommendations

« Clinicians in specialised centres may consider assessing
the genetic risk profile (e.g. PNPLA3 p.1148M variant
and/or polygenic risk scores) to personalise risk
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stratification, but this concept should be evaluated in
larger prospective studies (LoE 3, open recommen-
dation, consensus).

* Genetic risk variants can be evaluated in clinical studies
for stratification of disease risk progression and sub-
phenotyping of MASLD (LoE 3, open recommen-
dation, strong consensus).

e Clinicians can consider referring individuals with a
strong family history of severe disease in first degree
relatives or early presentation with a severe pheno-
type, especially in the absence of metabolic triggers
(and/or e.g. in individuals with normal body weight),
for the evaluation of coexisting, treatable, genetic
causes of liver disease by next-generation sequencing
approaches (LoE 4, open recommendation,
consensus).

Inherited factors play a major role in the devel-
opment and progression of MASLD, synergising with
the metabolic causes of the disease [197]. Overall
evidence suggests that the PNPLA3 p.I148M and
TM6SF2 p.E167K variants are major risk factors for
progressive MASLD, and genotyping helps to non-
invasively predict progressive MASH, cirrhosis and
HCC when considered alongside clinical factors
[198-200], but accuracy is suboptimal for prediction
of liver disease severity and progression at the indi-
vidual level. Mendelian randomisation studies
strongly suggest that these genetic risk factors are
major drivers of MASLD. Notably, the impact of the
PNPLA3 variant is larger in post-menopausal women
than in men [201, 202].

Besides PNPLA3 p.1148M and TM6SE2 p.E167K, ad-
ditional variants, including common risk variants in
MBOAT7, GCKR, GPAM, protective variants in HSD17B13,
APOE and MTARCI, and rare variants (e.g in APOB,
MTTP, CIDEB and ATG?), have been robustly associated
with the risk of progressive MASLD [203-209].

Comprehensive polygenic risk scores are superior to
PNPLA3 and TMG6SF2 alone for risk prediction of pro-
gressive MASLD, especially in individuals with metabolic
triggers, and the benefits of their use over clinical risk
factors alone becomes more evident for long-term pre-
diction [200, 210, 211]. Such scores are not yet commonly
available in clinical practice but should be validated in
prospective studies.

Initial data suggest that individuals with (a) strong
family history, (b) early disease onset, or (c) lack of
accruing factors may benefit from a comprehensive
genetic evaluation (e.g. whole-exome sequencing or
targeted panel sequencing) that may identify strong

EASL-EASD-EASO Guidelines on the
Management of MASLD

genetic determinants of SLD with potential implica-
tions for treatment and family counselling [136,
212-215]. Using next generation sequencing (NGS), a
refined diagnosis (e.g. monogenic SLD) can currently
be reached in up to one-third of individuals [212,
214, 216].

PNPLA3 p.I148M is associated with a distinct path-
ogenesis, and may predict response to some therapeutic
approaches and side effects of drugs, e.g. liver damage
related to long-acting insulin-induced lipid accumulation
[217], but no clinical recommendation can be made
presently. Genetic variants in PNPLA3 and HSD17BI13
can be targeted by RNA interference therapies that are
under evaluation in clinical studies on individuals with
MASLD carrying at-risk genotypes, but there is not yet
any clinical indication for genotyping outside the clinical
research setting [218, 219].

Is the assessment of metabolic abnormalities (e.g. insulin
sensitivity/resistance) useful for risk stratification or
management of adults with MASLD?

In adults with MASLD, should diagnostic procedures be
performed for associated comorbidities (e.g., cardio-
vascular diseases, diabetes, dyslipidaemia or obesity)?

Recommendations

e Clinicians should assess associated comorbidities
(e.g., type 2 diabetes, dyslipidaemia, hypertension,
kidney disease, sleep apnoea, polycystic ovary syn-
drome) and cardiovascular risk in adults with
MASLD (LoE 2, strong recommendation, strong
consensus).

e Atinitial diagnosis of MASLD and at regular follow-up
intervals, laboratory tests and physical examinations
for related comorbidities are recommended (Table 7)
(LoE 2, strong recommendation, strong consensus).

e Adults with MASLD should be encouraged to participate
in extrahepatic cancer screening according to current
guidelines, based on their exposure to obesity and type 2
diabetes as risk factors for extrahepatic malignancies
(LoE 3, strong recommendation, strong consensus).

o Assessment of insulin resistance (e.g., using the ho-
meostasis model assessment of insulin resistance
[HOMA-IR] or estimates derived from the oral glucose
tolerance test) may be considered to clarify metabolic
dysfunction in adults with (suspected) MASLD and
without an established diagnosis of type 2 diabetes
(LoE 3, weak recommendation, consensus).

Insulin resistance, defined as impaired insulin action in
its target tissues, is tightly linked to the pathogenesis of
SLD and results from genetic risk and acquired factors,
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Table 7. Diagnostic procedures to identify relevant comorbidities of MASLD

Comorbidity Assessment/parameter Ref.
Obesity Body mass index [220,
Waist circumference 221]

Waist to height ratio

Further investigations*:

Body composition analysis (if available)

TSH and free thyroxine (if suspicion of hypothyroidism)

Type 2 diabetes or Insulin Fasting plasma glucose [222,
resistance HbA, . 223]
Oral glucose tolerance test, 2-h post-load glucose
Fasting plasma insulin and/or C-peptide
HOMA-IR
Further investigations*:
Insulin resistance indices from oral glucose tolerance test or mixed meal tests

Dyslipidaemia Fasting plasma triglycerides [224]
Fasting plasma total, LDL and HDL cholesterol
Once in a lifetime: measurement of lipoprotein (a)
Further investigations*:
Non-esterified fatty acids
Apolipoprotein B

Kidney disease Creatinine in plasma and urine
Albumin in serum and urine
Estimated glomerular filtration rate (eGFR)

Cardiovascular disease Fasting plasma uric acid [25, 26]
Serum high-sensitivity C-reactive protein (hsCRP)
Serum ferritin
Systolic and diastolic blood pressure
Further investigations*:
24-h ambulatory blood pressure monitoring
Echocardiography for heart failure
Serum NT-ProBNP
Transferrin saturation

Atherosclerosis Complete blood count; Platelets [25, 26]
Elevated lipoprotein (a) is an independent causal risk factor for atherosclerotic
cardiovascular disease
Further investigations*:

Fibrinogen

Homocysteine

Von Willebrand factor antigen
Carotid artery intima media thickness
EchoDoppler plaque instability
Coronary artery calcification

Obstructive sleep apnoea Neck circumference [64]
Epworth score
Further investigations*:
Sleep studies
Overnight pulse oximetry
Polisomnography
CPAP trial

PCOS Sex hormones: LH, FSH, testosterone, SHBG [66]
Ovarian ultrasound

FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance;
hsCRP, high-sensitivity CRP; LDL, low-density lipoprotein; LH, luteinising hormone; NT-proBNP, N-terminal pro-brain natriuretic peptide;
PCOS, polycystic ovary syndrome; SHBG, sex hormone binding globulin; TSH, thyroid-stimulating hormone. *According to clinical
evaluation and a priori probability.
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mainly hypercaloric nutrition, gut dysbiosis and specif-
ically adipose tissue dysfunction, which is characterised
by redistribution of non-esterified fatty acids and sub-
sequent imbalance of the release of anti- and proin-
flammatory cytokines. This favours hepatic lipid storage
and leads to hepatic insulin resistance with reduced
postprandial glycogen storage and increased glucose
production [33, 225]. Thereby, insulin resistance also
associates with cardiometabolic risk factors and repre-
sents a key feature of the metabolic syndrome, particu-
larly obesity and T2D [225, 226]. The presence of MASLD
is associated with a more than two-fold increased risk of
an incident diagnosis of T2D, and this risk is increased
with more advanced stages of MASLD [227]. Of note, the
prevalence of MASLD correlates with the degree of in-
sulin resistance even within T2D [228]. While the la-
borious hyperinsulinemic-normoglycemic clamp test
represents the gold-standard method, insulin resistance
can also be measured clinically with the HOMA-IR index
from fasting insulin or C-peptide and fasting glucose
concentrations, including in people with T2D (unless on
insulin treatment) [222, 223, 228]. Given the central role
of adipose tissue, the adipose tissue insulin resistance
index (Adipo-IR) even predicts the severity of hepatic
fibrosis [229]. However, the interpretation of HOMA-IR
and Adipo-IR requires standardised measurement of
insulin and/or C-peptide concentrations.

Presence, duration and severity of excess weight are
associated with an increased risk of disease progression in
MASLD [230]. EASO advocates for the use of the
adiposity-based chronic disease concept for diagnosis,
treatment and prevention of comorbidities [231], un-
derscoring a complications-centred approach with total
body fat and, in particular, visceral fat distribution de-
termining the majority of the risk [232]. Evaluation of the
hepato-adipo-cardio-renal axes is particularly important.
For instance, MASLD is linked to an increased risk of
chronic kidney disease, especially if fibrosis is present.
Glomerular hyperfiltration is considered an early marker
of both renal and liver disease, with its identification
prompting risk factor management and preventive
measures. In a large meta-analysis including 1,222,032
individuals, the risk of incident chronic kidney disease
(CKD) stage >3 was 1.45-fold higher in individuals with
MASLD, independent of demographic and CKD risk
factors [233]. Still, there is uncertainty as to whether there
is a direct causal link between MASLD and CKD as both
diseases share common risk factors [234].

Cardiovascular disease is consistently and indepen-
dently associated with circulating non-esterified fatty acid
concentrations and higher intima media thickness,

EASL-EASD-EASO Guidelines on the
Management of MASLD

warranting carotid ultrasound examination in adults with
increased non-esterified fatty acids [235] and contrast-
enhanced ultrasound to assess plaque vulnerability. NT-
proBNP (N-terminal pro-brain natriuretic peptide) has
been shown to be independently associated with car-
diovascular mortality in the general population [236].
The combined use of NT-proBNP and FIB-4 is helpful
in risk-stratification of adults since they are indepen-
dently associated with higher mortality in MASLD.
While the clinical relevance of comorbidities in
MASLD development is well established, strategies for
their thorough assessment have not yet been outlined.
Table 7 summarises the main comorbidities to screen
for, available laboratory tests and complementary ex-
aminations according to clinical evaluation and a priori
probability.

In adults with non-cirrhotic MASLD or MASH, is
surveillance indicated for early detection of hepatocel-
lular carcinoma?

Recommendations

e In adults with non-cirrhotic MASLD or MASH in the
absence of severe fibrosis (i.e. those with fibrosis
stage <F3) assessed by non-invasive markers or liver
biopsy, surveillance for early detection of hepatocel-
lular carcinoma is currently not recommended (LoE 3,
weak recommendation, consensus).

e In adults with non-cirrhotic MASLD or MASH in the
presence of severe fibrosis (F3) assessed by non-
invasive markers or liver biopsy, surveillance may be
considered based on an individual risk assessment
(LoE 4, weak recommendation, strong consensus).

There is currently no consensus on whether sur-
veillance for HCC is beneficial in non-cirrhotic MASLD
or MASH. The risk factors and natural history of HCC
development in the context of MASLD are not as well-
defined as for other aetiologies of liver disease, and
robust data on the incidence of HCC in MASLD, par-
ticularly in individuals without cirrhosis, is lacking.
Nevertheless, several studies have shown that individ-
uals with MASLD without cirrhosis may develop HCC,
albeit rarely [237]. In a US Veterans Administration
cohort [124] including 1,500 individuals with HCC from
2005 to 2010, metabolic syndrome was particularly
prevalent in the subgroup who had no cirrhosis. In the
same cohort, the risk of HCC in the absence of cirrhosis
was 5-fold higher in individuals with MASLD than in
those with chronic hepatitis C. In a tertiary centre for
HCC referral in Northern England [238], individuals
with HCC due to MASLD had a lower prevalence of
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cirrhosis (77.2%) than those with other aetiologies.
Similar observations have been confirmed in a European
study [239] and two Japanese studies, where cirrhosis
was absent in 38% and 49% of individuals with MASLD-
related HCC, respectively [240, 241].

Effective surveillance is challenging in individuals
without cirrhosis. In a retrospective analysis of individ-
uals with MASLD who were diagnosed with HCC be-
tween 2003 and 2012, those with HCC on a non-cirrhotic
liver more frequently had a larger nodule size and/or a
greater rate of HCC recurrence than those with cirrhosis
[242]. Similarly, in another case series of 44 individuals
who developed MASLD-related HCC between 2010 and
2012, only one individual without cirrhosis (out of six)
underwent liver resection, while the late diagnosis im-
peded curative treatments in the others [243].

The utility and applicability of HCC surveillance
depends on several factors: incidence of HCC in target
populations, availability of efficient diagnostic tests at
acceptable cost, and availability and effectiveness of
treatments. Cost-effectiveness analyses indicate that
HCC screening should be considered for individuals
with HCC risk exceeding 1.0-1.5% per year [244, 245].
The annual incidence rates of HCC in MASH-related
cirrhosis cohorts range from 0.2 to 2.6% [246], while the
HCC incidence in individuals without cirrhosis is very
low, ranging from 0.08 to 0.63 per 1,000 PY [247-251]. A
systematic review and a meta-analysis concluded that
the risk estimate is likely too low to justify routine
screening in MASLD without evidence of advanced fi-
brosis [248]. A recent study updated these figures and
found alow incidence of HCC at 10 years (2.7%) in those
with MASLD without cirrhosis [249]. Importantly, cost-
effectiveness is dependent on the healthcare system, and
as most studies are derived from the US, their results
cannot easily be extrapolated to European healthcare
systems. In addition, it may be questioned whether the
incidence cut-offs of 1.0-1.5%/year still hold true.
Overall, there still is insufficient evidence to warrant
HCC surveillance in individuals with MASLD without
cirrhosis.

Accumulating evidence suggests that NITs may be
useful to identify those individuals with MASLD
without cirrhosis at highest risk of HCC development.
In the national Veterans Affairs study, a FIB-4 >2.67,
suggestive of advanced fibrosis (F3/F4), was associated
with an increased risk of HCC (0.39/1,000 vs. 0.04/
1,000 PY in individuals with persistently low FIB-4) in
the absence of cirrhosis [251]. In another retrospective
cohort study, the annual incidence of HCC was 2.8 per
1,000 PY with FIB-4 >2.67 and 0.7 per 1,000 PY with

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

394

FIB-4 <1.30 [250]. In a study of histologically con-
firmed MASLD in Sweden, the overall HCC rate varied
with the advancing stage of MASLD (per 1,000 PY): 0.8
in simple steatosis, 1.2 in MASH without fibrosis, 2.3 in
fibrosis (F1-F3) without cirrhosis, and 6.2 in cirrhosis
[54]. Overall, the incidence of HCC in those with
MASLD and earlier stages of fibrosis (stage 0-2) is
extremely low and determinants of risk have not been
well quantified.

Individuals with F3 fibrosis have an intermediate risk
of developing HCC that is lower than that of individuals
with cirrhosis, but not negligible. Adults with MASLD
and F3 fibrosis are difficult to stage reliably in a non-
invasive manner, making HCC surveillance decisions
harder and less favourable from a cost-effectiveness
standpoint. Studies in MASLD indicate an elevated
HCC risk with FIB-4 >3.25 (risk >1%/year) [251] or
change of LSM over time in individuals with histologic
diagnosis of F3-F4 fibrosis and/or baseline LSM >10 kPa
(HR 1.72) [189] in individuals without cirrhosis. Further
studies focusing on cost analysis are warranted in indi-
viduals with MASLD without cirrhosis but with high FIB-
4 or LSM to confirm the need for surveillance in this
intermediate-risk group of individuals.

Metabolic syndrome itself and T2D have also been
reported to be associated with an increased risk of HCC in
large cohort studies [46, 252], but the increase in absolute
HCC risk attributable to metabolic factors (e.g. T2D,
obesity) or genetic factors in individuals with non-
cirrhotic MASLD is very small.

Should hepatocellular carcinoma monitoring pro-
grammes be implemented in all adults with MASH-
related cirrhosis, or should they be implemented based
on risk stratification?

Recommendations

e According to current guidelines, hepatocellular carci-
noma monitoring programmes should be applied to
individuals with MASLD-related cirrhosis (LoE 3,
strong recommendation, strong consensus).

o Risk stratification can help in optimising strategies for
monitoring individuals at higher risk of hepatocellular
carcinoma (Table 8) (LoE 4, weak recommendation,
strong consensus).

* As ultrasound-based surveillance has a low sensitivity for
detection of hepatocellular carcinoma at an early-stage,
particularly in adults with MASLD-related cirrhosis and
obesity, alpha-fetoprotein (AFP) measurement can be
combined with ultrasound in individuals at high risk
(LoE 3, open recommendation, consensus).

EASL/EASD/EASO
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Table 8. Factors associated with a higher risk of HCC occurrence in non-cirrhotic MASLD

Factor(s) References
Presence and duration of T2D, obesity or both [57, 253]
Older age [254, 255]
Concurrent alcohol intake and/or smoking [254, 255]
Individuals with FIB-4 >3.25 [251]
Individuals with LSM >10 kPa and increasing change in LSM over time [189]

e Cross-sectional imaging by MRI may be undertaken in
selected adults at high risk with persistent poor visu-
alisation at ultrasound, particularly in individuals with
dysplastic or regenerative nodules(LoE 3, open rec-
ommendation, strong consensus).

The approach to HCC monitoring in adults with
MASH-related cirrhosis involves a combination of risk
stratification and individualised decision-making. Ac-
cording to current EASL guidelines [256, 257], risk-based
surveillance divides individuals with cirrhosis into three
groups: the high-risk group must undergo surveillance,
and more costly screening tools than ultrasound are
justified; the low-risk group may not need surveillance at
all; and the remaining intermediate-risk group should be
offered surveillance. The main problem is how to perform
an effective risk-stratification for HCC risk in persons
with MASLD and cirrhosis.

Cirrhosis in MASLD is under-recognised compared to
other aetiologies [258], with less than one in four indi-
viduals with cirrhosis undergoing HCC surveillance [259].
These failures need to be addressed in future clinical and
research efforts, as outlined in the previous section.

EASL recommends semi-annual abdominal ultra-
sound as the primary strategy for HCC surveillance [256].
However, individuals with MASLD have increased odds
of persistent poor visualisation with a pooled sensitivity of
45% for ultrasound alone and increased risk of false
positive or indeterminate results [260, 261]. Cross-
sectional abdominal imaging is increasingly used for
HCC surveillance in clinical practice, although supported
by limited data. According to the prospective PRIUS
study, MRI had significantly higher sensitivity (85.7% vs.
26.2%) and specificity (97.0% vs. 94.4%) than ultrasound
for early HCC detection [262]. However, this comes at
high financial costs with incremental cost-effectiveness
ratios of $14,474/life year and $25,202/quality-adjusted
life year at an annual HCC incidence of 3%. [263].
Currently, MRI is reserved for selected individuals in
whom ultrasound visualisation is inadequate, particularly
if they have a high estimated risk of developing HCC.

EASL-EASD-EASO Guidelines on the
Management of MASLD

Alpha-fetoprotein (AFP) is the only biomarker with
sufficient evidence to support its use in clinical practice, in
combination with ultrasound. In a meta-analysis of
13,367 individuals, the combined use of AFP and ul-
trasound was reported to increase the sensitivity for
detection of early HCC from 45% to 63% [260]. Notably,
changes in AFP values across serial measurements are
superior to single AFP values for the detection of early-
stage HCC [264].

NITs for fibrosis prediction may help in risk stratification.
The NAFLD fibrosis score (NFS) had a reported c-index of
up to 0.9 for the prediction of HCC in a longitudinal study of
1,173 European individuals with MASLD [187]. Another
model incorporated genetic variants in a risk score that
predicted HCC independently of classical risk factors, but
the AUROC when used alone was only 0.65 [210].

Longitudinal changes in NITs can be more informa-
tive. In a recent study, the annual risk of HCC was as high
as 2.5% in individuals with cirrhosis and persistently high
FIB-4 values, whereas it was below 0.3% in individuals
who had a cirrhosis diagnosis but persistently low FIB-4
values. High FIB-4 (>2.67) at baseline and at 3 years was
linked to a >50-fold higher risk of HCC compared to
persistently low FIB-4 (<1.45) values [265].

Although still not recommended in the guidelines,
accumulating data also suggest that LSM may have a role
in the prediction of liver-related outcomes. The analysis
of 1,039 individuals with MASLD with a histologic di-
agnosis of F3-F4 fibrosis and/or an LSM >10 kPa showed
that the change in LSM over time predicted the occur-
rence of HCC (HR 1.72; 95% CI 1.01-3.02) [189].

Interest in algorithms combining demographic and
clinical variables with blood-based biomarkers has in-
creased (Table 9). However, none of these calculators has
been validated in phase III/IV studies.

Ultimately, the decision to implement an HCC
monitoring programme is a collaborative effort between
the affected individual and their healthcare provider.
Factors to consider include the individual’s overall health,
the presence of other medical conditions, familial history
of HCC along with the individual’s personal preferences.

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

395


https://doi.org/10.1159/000539371

Table 9. Proposed tools for HCC risk-stratification in MASLD-related cirrhosis

NITs Formula/model variables/data Study cohorts Performance Reference
HCCrisk  age + sex + platelet count + albumin + 7,068 individuals with MASLD-  Derivation cohort, C-index =  [266]
score AST/+/ALT related cirrhosis (407 incident ~ 0.749
available at: www.hccrisk.com HCQ) Validation cohort, C-index =
Mean FU: 3.7 years 0.718
aMAP (0.06 x age (years) + 0.89 x sex (M =1; F = Overall individuals, n = 17,374  NHV cohort: [267]
0) + 0.48 X [(log;g bilirubin (umol/L) x  NVH validation cohort, n = 720 Overall, C-index = 0.85 [268]
0.66 + albumin (g/L) x —0.085] — 0.01 x Total: 1,389 individuals with Cirrhosis, C-index = 0.61
platelets (x103/mm?3) + 7.4)/14.77 x 100 MASLD Overall, C-index = 0.887
Median FU: 4.61 years F3-F4, C-index = 0.754
F3-F4, n = 243 (17.5%)
GALAD -10.08 + 0.09 x age (years) + 1.67 X 389 individuals with MASH (28 Higher GALAD score in [269]
gender (M =1, F =0) + 2.34 x log;o AFP incident HCC) individuals who developed HCC
(ng/ml) + 0.04 x AFP-L3 (%) + 1.33 x Median FU: 167 months vs. individuals HCC-free as early
log;o DCP (ng/ml) Cirrhosis, n = 77 (19.6%) as 1.5 years before HCC
diagnosis
HEDS Risk factor associated to HCC Total: 1,325 individuals with Performance of the multivariate [270]
study development in individuals with cirrhosis (95 incident HCC) set of risk factors: C-index=0.73
cirrhosis: Median FU: 2.2 years
Male gender (OR = 2.47; 95% ClI MASLD, n = 327 (24.9%); 19
1.54-4.07; p <0.001) incident HCC
Years with cirrhosis (OR = 1.06; 95% ClI
1.02-1.1; p = 0.004),
Family h/o of liver cancer (OR = 2.69; 95%
Cl 1.11-5.86; p = 0.02)
Age (OR = 1.17; 95% Cl 1.03-1.33; p =
0.02)
Obesity (OR = 1.7; 95% Cl, 1.08-2.73; p =
0.02)
AST (OR = 1.54; 95% Cl 0.97-2.42; p =
0.06)
AFP (OR = 1.32; 95% Cl 0.97-1.77; p =
0.07)
Albumin (OR = 0.7; 95% CI 0.46-1.07;
p = 0.10)
THRI age + etiology + gender + platelets Derivation cohort: 2,079 10-year HCC incidence: low-risk [271]
Age: <45 years = 0 points; 45-60 years, 50 individuals with cirrhosis (<120) = 3%; [272]
points; >60 years, 100 points MASLD, n = 111 (5.3%) medium-risk [121-176,
Etiology: autoimmune/HCV SVR, 0 points; Total: 2,491 individuals with 180-219, 222, 223, 225-247] =
other, 36 points; MASLD, 54 points; HCV/ cirrhosis 10%
HBV, 97 points MASLD, n = 1,182 (48%) high-risk (>240) = 32%
Gender: Female = 0 points; Male = 80 C-index = 0.69
points
Platelets: >200 = 0 points; 140-200 = 20
points; 80-130 = 70 points; <80 = 89 points
Total: 0-366 points
LiverRisk  Linear regression model using age Derivation cohort: 14,726 8-year risk of HCC in the high- [144]
score (years), blood glucose, cholesterol, AST, participants without known liver risk group = 4.4%

ALT, GGT and platelets
Available at: https://
www.liverriskscore.com

disease from the general
population undergoing transient
elastography for assessment of
liver fibrosis.

Two external validation cohorts:
4,370 and 3,999 individuals

8-year risk of HCC development
in the two lower risk
groups <0.1%

AFP, alpha-fetoprotein; DCP, Des-y-carboxy prothrombin; FU, follow-up; NHV, non-viral hepatitis; NIT, non-invasive test; OR, odds ratio.
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Treatment of MASLD: General Considerations

In adults with MASLD, which of the following - reduction
of steatosis, resolution of MASH, improvement of fibrosis,
stabilisation of fibrosis, prevention of progression to
cirrhosis — is the most relevant therapeutic target for
improving liver-related outcomes?

Statements

e Inadults with MASLD and advanced fibrosis or cirrhosis,
regression of fibrosis has been associated with a reduced
risk of liver-related outcomes (LoE 2, strong consensus).

e Improvement in disease activity and resolution of
steatohepatitis have been associated with regression of
fibrosis (LoE 2, strong consensus).

» Reduction of steatosis has been associated with histo-
logical improvements (particularly necro-inflammation)
in some pharmacological intervention studies (LoE 2,
strong consensus).

e Since improved mortality has not been demonstrated
for any of these treatment-induced histological
changes, further long-term follow-up studies are
needed to demonstrate that halting disease progression
and/or reduction of steatosis, resolution of steatohe-
patitis or regression of fibrosis translate into a reduced
risk of clinical outcomes (LoE 3, strong consensus).

The goal of any disease management is to obtain
clinically meaningful benefit. For MASLD this has mainly
focused on liver-related outcomes, although the potential
impact on other related diseases (e.g., cardiovascular
disease, extrahepatic malignancy) and quality of life are
increasingly being explored (including in interventional
trials) as part of a more holistic approach. Liver-related
outcomes usually refer to cirrhosis decompensation, de-
cline in liver function, occurrence of HCC and liver
transplantation [273]. In trials assessing clinical outcomes
in non-cirrhotic MASH, progression to cirrhosis is also
generally included as a liver-related outcome.

The heterogeneous, fluctuating, and slow natural his-
tory of the disease requires long-term studies to demon-
strate the effects of an intervention on clinical outcomes,
and such studies are currently limited. Therefore, several
surrogate endpoints have been defined, including im-
provements or absence of deterioration in histological
features, as well as, more recently, imaging-based features
or other NITs. These are likely to translate into a reduction
of liver-related outcomes. However, to date, these surro-
gates have not been unambiguously linked to true clinical
benefits (e.g., liver-related mortality) [274]. As per regu-

EASL-EASD-EASO Guidelines on the
Management of MASLD

latory guidance, the primary endpoints in registrational
phase III clinical trials for non-cirrhotic MASH are: (a)
resolution of steatohepatitis without worsening of fibrosis
and (b) regression of at least 1 stage in fibrosis without
worsening of steatohepatitis [275]. These endpoints are
considered likely reasonable surrogates for clinical benefit.

Despite the emphasis on diagnosis and treatment of
fibrosis, only one study has shown fibrosis regression to
translate into a reduced risk of liver-related events [177].
Several studies have shown that changes in histologically
assessed activity are linked with changes in fibrosis over
time. In a natural history cohort of 445 individuals with
4.9 years mean follow-up between paired liver biopsies
from the NASH CRN, improvement in the NAS over time
was associated with fibrosis regression, and worsening of
the NAS was associated with fibrosis progression [276]. In
a retrospective analysis of 441 individuals with paired
biopsies from two clinical trials conducted by the NASH
CRN, resolution of steatohepatitis was the strongest pre-
dictor of fibrosis regression [277].

In several studies and recent meta-analyses, changes in
MRI-PDFF-assessed steatosis correlated with histological
endpoints. In particular, in several studies, a relative re-
duction in MRI-PDFF of >30% was associated with a high
likelihood of resolution of steatohepatitis (OR 5.45) [278],
although this may be dependent on specific modes of
action, might not be generalisable, and potentially depends
on the mode-of-action of the investigated intervention. A
recent study of 100 paired biopsies also suggests that this
endpoint correlates with fibrosis regression (adjusted OR
of 6.46), but further validation is needed [279].

In adults with MASLD, should non-invasive scores,
serum markers, liver stiffness measurements, and im-
aging be used as a substitute for liver biopsy for
monitoring therapeutic responses?

Statements

» Non-invasive tests have been linked with histologically
assessed treatment response, but the most appropriate
non-invasive test may depend on the type of intervention
and patient-related factors (LoE 2, strong consensus).

 Longitudinal changes in non-invasive test results have
been correlated with changes in the risk of adverse out-
comes on a cohort or population level (LoE 3, consensus).

e In the setting of randomised controlled trials and de-
pending on the mode of intervention, changes of non-
invasive markers (e.g, MRI-PDFF relative reduction
by >30%, ALT reduction by >17 U/L) have been asso-
ciated with resolution of steatohepatitis (LoE 2, strong
consensus).
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e Liver biopsy is not suited for monitoring disease
evolution or response to therapy in routine clinical
practice due to its invasiveness and procedure-related
limitations (LoE 5, strong consensus).

Recommendations

e At the individual level, non-invasive tests may be re-
peatedly used to assess fibrosis progression in a tailored
fashion but may provide limited information about
treatment response (LoE 5, weak recommendation,
strong consensus).

e In individual cases and in clinical trials, liver biopsy can be
used to monitor disease progression or response to
treatment (LoE 1, open recommendation, strong
consensus).

Many studies have used NITs to provide evidence
supporting the observed efficacy of an intervention (vs.
placebo) on histological endpoints. However, few studies
have linked longitudinal changes in NITs with changes in
fibrosis or other histological endpoints. Furthermore, for
most NITs, we lack a validated threshold for the magnitude
of change that is predictive of histological responses or
clinical outcomes on the individual level.

Secondary analyses from RCTSs investigating NIT re-
sponses to pharmacological treatments and their relation
to histological outcomes have shown that reductions in
Pro-C3 levels are associated with histological response to
the fibroblast growth factor (FGF)19 analogue aldafermin,
the FGF21 analogue pegozafermin and the chemokine
receptor CCR2/5 inhibitor cenicriviroc [280-282], while
reductions in ELF scores were shown to be associated with
histological response to aldafermin [280].

The most extensive analysis in that regard is from the
REGENERATE trial of obeticholic acid [283], which
analysed NIT responses between histological responders
and non-responders. Some improvements in NITs were
related to the treatment arm but not per se to histological
response, whereas others, e.g. VCTE or ELF, correlated
better with changes in fibrosis stage regardless of the
treatment arm, suggesting that they reflect histological
changes regardless of a drug’s mode of action.

While a relative reduction in MRI-PDFF-measured liver
lipid content of >30% has been shown to predict MASH
resolution in several studies [278, 284], it also predicted fi-
brosis regression in one study [279] though this was not
unanimously confirmed [285, 286]. A secondary analysis of
the NASH CRN FLINT trial identified a decrease in ALT at
week 24 as a predictor of response (namely a decrease in NAS
of >2 and no worsening of fibrosis) [287]. An ALT decrease
of >17 U/L vyielded the highest accuracy to separate re-
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sponders from non-responders (OR >10). In a combined
analysis of the simtuzumab and selonsertib trials in MASH-
related cirrhosis [177], a change in ELF of 0.5 was related to
clinical outcomes but how this related to fibrosis regression
or other histological endpoints was not reported. MRE has
been proposed as an alternative to VCTE, but despite nu-
merical differences, changes in MRE over time were not
significantly different between histological responders and
non-responders in the selonsertib phase II trial [285]. cT1
decreased more in responders (NAS decrease of >2 or fibrosis
regression) than in non-responders in the aldafermin AL-
PINE trial but the optimal cut-off to separate responders
from non-responders is unclear [280]. Promising data have
also been reported for FAST [288].

In adults with MASLD, can the management of liver
disease and extrahepatic comorbidities within multi-
disciplinary teams involving hepatologists and other
specialists improve clinical outcomes?

Recommendation

e Given the multidirectional connections between
MASLD and cardiometabolic comorbidities, a multi-
disciplinary approach is recommended to ensure all
components are appropriately targeted to improve
both liver-related and extrahepatic outcomes (LoE 3,
strong recommendation, strong consensus).

Treatment of cardiometabolic comorbidities may
modify disease progression and contribute to a reduction in
liver-related events (e.g. statins, aspirin, renin-angiotensin-
aldosterone modulators) [289, 290]. Anti-diabetic and anti-
obesity treatments such as pioglitazone and glucagon-like
peptide 1 receptor agonists can have a hepatic benefit (e.g.,
phase II data on pioglitazone and glucagon-like peptide 1
receptor agonists [GLP1RAs]) as discussed in the treatment
section below. The correlation between the cardiovascular
system and the liver is complex, with conflicting data on the
independent contribution of MASLD/MASH to cardio-
vascular disease [291, 292]. These considerations support
the need for the appropriate and optimal treatment of all
these co-morbidities which may be best delivered by a
broad multidisciplinary team.

Treatment of MASLD: Non-Pharmacological Therapy

In adults with MASLD, what is the efficacy of dietary
and behavioural therapy-induced weight loss on
histologically/non-invasively assessed liver damage/
fibrosis and liver-related outcomes compared with no
intervention?

EASL/EASD/EASO
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Fig. 3. Lifestyle management algorithm for MASLD. Note: Be-
havioural therapy includes: self-monitoring, clinicians providing
affected individuals with self-efficacy and motivation, setting re-
alistic negotiable goals, and overcoming barriers. Examples of
unprocessed/minimally processed foods: vegetables, fruits (not
juice), low-fat dairy, nuts, olive oil, legumes, unprocessed fish and
poultry. Overweight/obesity: Overweight: BMI of 25-29.9 kg/m?

Recommendations

e In adults with MASLD, dietary and behavioural therapy-
induced weight loss should be recommended to improve
liver injury, as assessed histologically or non-invasively
(LoE 1, strong recommendation, strong consensus).

e In adults with MASLD and overweight, dietary and
behavioural therapy-induced weight loss should aim at
a sustained reduction of >5% to reduce liver fat, 7-10%
to improve liver inflammation, and >10% to improve
fibrosis (LoE 2, strong recommendation, strong
consensus).

Statement

o Further follow-up studies are needed to determine the
long-term effectiveness of dietary and behavioural therapy-
induced weight loss (including its magnitude) on clinical
liver-related outcomes and liver-related mortality (LoE 3,
strong consensus).

EASL-EASD-EASO Guidelines on the
Management of MASLD

(non-Asian) or 23-24.9 (Asian), Obesity: >30 kg/m2 (non-
Asian) 225 kg/m? (Asian). Class II obesity: BMI 235 kg/m?
(non-Asian) or BMI >30 kg/m? (Asian). Normal weight:
BMI<25 kg/m? (non-Asian) or <23 kg/m? (Asian). BMI, body-
mass index; HCC, hepatocellular carcinoma; MASH, metabolic
dysfunction-associated ~ steatohepatitis; MASLD, metabolic
dysfunction-associated steatotic liver disease; T2D, type 2 diabetes.

It has repeatedly been demonstrated in clinical trials
that weight reduction achieved by caloric restriction,
either with or without increased physical activity, leads to
improvements in MASLD biomarkers, including liver
enzymes, steatosis, MASH, and fibrosis [293-295]
(Fig. 3). There is a dose-dependent association between
the amount of weight loss and the extent of improvement
in biomarkers of liver damage [294]. However, evidence
for an effect of weight reduction by lifestyle modification
on advanced fibrosis or cirrhosis is insufficient, owing to
the minority of individuals with advanced fibrosis in most
clinical trials and the lack of subgroup analyses [296]. A
stringent interventional trial with histological endpoints
suggested a bodyweight reduction of >5% is required to
reduce liver lipid content, 7-10% to improve inflamma-
tion, and >10% to improve fibrosis [296]. However, a
limited proportion of individuals achieve a weight re-
duction of >5% [296, 297]. In addition, long-term

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

399



https://doi.org/10.1159/000539371

adherence to behavioural changes is often insufficient, as
seen in obesity trials [298]. There is limited data on long-
term dietary interventions in MASLD since study du-
rations range from 2-24 months [299-301]. Only a few
studies have performed 12-24-month follow-ups, show-
ing a maximal weight loss at 6 months, followed by a
gradual weight regain to a net weight loss of about 5% at
12-24 months and partial regain of liver lipid content and
stiffness [302-304]. These data emphasise the importance
of accessible and affordable long-term structured lifestyle
modification programmes, including diet, physical ac-
tivity, and behavioural therapy, for individuals with
MASLD, and highlight the need for longer-term (>2
years) RCTs on lifestyle interventions.

There are multiple beneficial dietary approaches to lose
weight and improve MASLD. Hypocaloric low-carbohydrate
diets and low-fat diets appear to be similarly effective in
reducing liver lipid content and related biomarkers [305,
306]. However, the Mediterranean diet seems to have added
value for liver lipid reduction and cardiometabolic health and
may be easier to maintain in the long-term [301, 303]. There
is currently insufficient evidence on the efficacy or safety of
very low carbohydrate ketogenic diets — characterised by
extreme carbohydrate restriction to <20-50 g/day (10-25% of
total calories) and high fat and protein contents - in indi-
viduals with MASLD [307], taking into consideration po-
tential cardiovascular, kidney and other side effects [308].
Time-restricted eating, also called intermittent fasting, is a
new dietary strategy in which calories are consumed in a
defined time window [309]. There is currently very little
evidence for a beneficial effect of time-restricted eating over
regular caloric restriction on hepatic lipid content in indi-
viduals with MASLD [299, 304, 310]. The long-term ad-
herence can be improved by taking into account the indi-
vidual’s preferences, clinical, cultural, and economic char-
acteristics. In a Cochrane systematic review of RCT's in people
with MASLD, with follow-up periods of 2-24 months, data
were sparse regarding the effects of lifestyle interventions on
any clinical outcome (death, liver-related complications, and
liver cancer) [311]. Long-term, large RCT' are needed to test
the effect of lifestyle interventions on clinical outcomes.

In adults with MASLD, is changing diet quality effective
in reducing histologically/non-invasively assessed liver
damage/fibrosis and liver-related outcomes compared
with no intervention?

Recommendation

e In adults with MASLD, improving diet quality
(similar to the Mediterranean dietary pattern), lim-
iting the consumption of ultra-processed food (rich in
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sugars and saturated fat) and avoiding sugar-
sweetened beverages should be recommended to
improve histologically or non-invasively assessed liver
injury (LoE 2, strong recommendation, strong
consensus).

Statement

e There is little evidence that improving diet quality
beneficially impacts clinical liver-related outcomes
(LoE 3, consensus).

In a meta-analysis of observational studies and
clinical trials, the Mediterranean diet has repeatedly
been shown to provide hepatic and cardiovascular
health benefits [312, 313], even without weight loss
[314]. The Mediterranean diet is characterised by high
intakes of olive oil, vegetables, fruits, nuts and seeds,
legumes, whole grains, fish, and seafood. Notably, the
Mediterranean diet advocates the reduction of sugars
and refined carbohydrates, saturated fat, ultra-
processed foods, and red and processed meat, which
are all related to MASLD risk in observational studies
[105, 300, 315-317]. Saturated fat has been shown to
have a negative effect on liver steatosis in several short-
term clinical trials [305]. Several observational and
cross-sectional studies have shown the harmful asso-
ciation between MASLD and high intake of red and
processed meat [318-320]. Intake of added sugars,
especially fructose, plays a major role in MASLD de-
velopment [305]. Evidence from RCTs and a large
prospective observational study shows an association
of dietary added sugars, especially in the form of sugar-
sweetened beverages, with increased liver steatosis, the
incidence and prevalence of MASLD [321-323], and
potentially the risk of MASH [324]. A prospective
cohort study showed a dose-response association be-
tween soft drink consumption and MASLD; a con-
sumption of >4 servings per week was related to a 45%
increased risk of developing MASLD [111]. Similarly,
an unhealthy diet is also related to the risk of liver
cancer. In an observational study, high intake of red
meat, saturated fat, cholesterol, and refined sugars are
associated with an increased liver cancer risk [106]. In
contrast, the Mediterranean diet or similar healthy
eating patterns are associated with a lower risk of liver
cancer [106]. Adherence to healthier eating patterns
has also been associated with lower risk of all-cause,
cardiovascular- and cancer-related mortality in US
adults with MASLD in an observational study [325].
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Importantly, dietary guidance to improve cardiovas-
cular health advocates the same dietary princi-
ples [326].

In adults with MASLD, are physical activity and ex-
ercise effective at reducing histologically/non-invasively
assessed liver damage/fibrosis and liver-related out-
comes compared with no intervention?

Recommendation

e In adults with MASLD, physical activity and exercise
should be recommended to reduce steatosis, tailored to the
individual’s preference and ability (preferably >150 min/
week of moderate or 75 min/week of vigorous-intensity
physical activity) (LoE 1, strong recommendation,
strong consensus).

Statement

e In comparison to the well-documented car-
diometabolic benefits, there is less robust evidence for
benefits of physical activity and exercise on histological
outcomes, non-invasively assessed liver damage/
fibrosis and liver-related clinical outcomes (LoE 5,
strong consensus).

Sedentary behaviour is an independent predictor of
MASLD [327] and is associated with a greater risk of
MASLD progression [328], while several RCTs and meta-
analyses have demonstrated that exercise alone, without
dietary interventions or significant weight loss, reduces
liver steatosis in individuals with MASLD [329]. An RCT
showed that a 3-month aerobic exercise regimen (three
90-minute sessions/week) reduced liver steatosis and liver
stiffness, independent of weight loss [330].

Many RCTs tested the effects of different types of exercise
training programmes, including aerobic training, resistance
training, high-intensity interval training, or combined, with
varying frequency and length of sessions and intensities.
Most were effective for steatosis reduction, without a single
optimal exercise prescription being identified for individuals
with fibrosis [331, 332]. A meta-analysis of 19 RCTs that
compared two types of aerobic training, high-intensity in-
terval training and traditional moderate-intensity continu-
ous training, showed that both exercise types were equally
effective for liver fat reduction [333].

Owing to limited clinical trial data, it is currently un-
clear whether exercise training can independently improve
liver histology [334, 335]. However, RCTs in individuals
with MASLD show that exercise improves quality of life,
cardiorespiratory fitness, reduces visceral fat, and improves
muscle mass and function even in advanced liver disease
[336, 337]. Furthermore, several observational studies have
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demonstrated that regular increased physical activity is
associated with reduced risk for liver fibrosis (measured by
non-invasive markers), cirrhosis, all-cause mortality
[338-340] and HCC [341]. Using data from the UK Bi-
obank cross-sectional study, physical activity measured
using accelerometery was inversely related with hepatic
fibro-inflammation measured by MRI [342]. Therefore,
increased physical activity, exercise and reduction in
sedentary behaviour, independent of weight loss, has
hepatic and cardiometabolic benefit and should be rou-
tinely recommended [328, 343]. The combination of
aerobic plus resistance training is preferred [328]. Aerobic
activity (30-60 min) on most days of the week can lead to a
small amount of weight and fat loss, improvement in
cardiometabolic parameters, maintenance of fat-free mass
during weight loss and weight maintenance after weight
loss [298]. Physical activity concentrated within 1 to 2 days
of the week, termed the “weekend warrior” pattern, was
also associated with a lower risk of cardiovascular out-
comes [344].

In adults with MASLD who are normal weight, are diet
and exercise interventions effective in reducing
histologically/non-invasively assessed liver damage/
fibrosis and liver-related outcomes in comparison
with no intervention?

Recommendation

e In normal-weight adults with MASLD, diet and ex-
ercise interventions should be recommended to reduce
liver fat (LoE 3, strong recommendation, strong
consensus).

Statement

e In normal-weight adults with MASLD, there is cur-
rently no evidence regarding the beneficial effect of diet
and/or exercise on liver histology, fibrosis and liver-
related clinical outcomes (LoE 5, consensus).

MASLD can develop in individuals with normal BMI
within the ethnic-specific cut-offs [345]. Normal-weight
MASLD is defined as the presence of MASLD in an
individual with a BMI <25 kg/m? (non-Asian ethnicity)
or <23 kg/m? (Asian ethnicity) [346].

Normal-weight individuals with MASLD have a higher
prevalence of metabolic alterations including insulin
resistance, greater visceral obesity, and decreased muscle
mass compared to normal-weight controls [347, 348]. In
an RCT of a 12-month lifestyle intervention programme,
a 3-5% weight reduction led to remission of MASLD
(measured by 'H-MRS) among 50% of the individuals
without obesity. Moreover, individuals defined as non-
obese were more likely than individuals with obesity to
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maintain weight reduction and normal liver enzymes
over long-term (6-year) follow-up [349]. Similarly, in a
large cohort study that included 2,383 normal-weight
adults with MASLD, weight reduction over a median
follow-up of 3 years was associated with MASLD reso-
lution (measured by abdominal ultrasound) in a dose-
dependent manner [350]. A few small observational
studies have indicated that dietary fructose and sugar-
sweetened beverage consumption is higher in individuals
with MASLD and no obesity [346, 347]; thus, these in-
dividuals may benefit from reducing their intake and
improving diet quality.

In adults with MASLD, are nutraceuticals (food sup-
plements, herbal products, gut microbiota-modifying
agents) effective to reduce histologically/non-invasively
assessed liver damage/fibrosis and liver-related outcomes
compared with no intervention?

Recommendation

e In adults with MASLD, nutraceuticals cannot be rec-
ommended since there is insufficient evidence of their
effectiveness in reducing histologically/non-invasively
assessed liver damage/fibrosis and liver-related out-
comes in MASLD, nor of their safety (LoE 2, open
recommendation, strong consensus).

Statement

e In adults with MASLD, coffee consumption has been
associated with improvements in liver damage and
reduced liver-related clinical outcomes in observa-
tional studies (LoE 4, strong consensus).

A Cochrane meta-analysis of 202 RCT's for people with
MASLD assessed the benefits and harms of nutritional
supplements for treatment of MASLD. Follow-up ranged
from 1 month to 28 months. The evidence indicates
considerable uncertainty about effects of interventions on
all clinical outcomes (liver transplantation, liver decom-
pensation, HCC, and mortality), as well as on serious
adverse events. High-quality comparative RCTs with ad-
equate follow-up are needed [351].

Microbiome-centred therapies such as engineered bacteria,
postbiotics, and phages have mainly been tested in preclinical
models. The effectiveness and safety of microbiome-based
treatments must be evaluated through rigorous pharmaco-
logical studies and larger RCTs in individuals with MASLD
[352]. In a meta-analysis of RCT's that investigated the effects
of probiotics on MASLD, probiotic treatment reduced ALT,
AST and liver steatosis, but the included studies had a number
of limitations (e.g short-term, small sample size, limited
assessment of liver outcomes) [353].
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Coffee consumption - caffeinated or not — has been
shown to have a protective association with MASLD in
several observational studies of varying quality. In a meta-
analysis of various types of observational studies, the risk of
MASLD and fibrosis was lower among those who drank
coffee compared to those who did not. The results were
stronger and more consistent for fibrosis than for steatosis
[354]. Similarly, an earlier meta-analysis showed that intake
of >3 cups of coffee per day (vs. <2 per day) was related to
reduced risk of MASLD [355]. In a nationally representative
cross-sectional study, >3 cups of coffee daily were inde-
pendently associated with lower LSM but not with steatosis
(measured by CAP) [356]. In addition, in prospective
observational studies, coffee consumption was inversely
related to death from chronic liver disease and HCC [357,
358]. Since observational studies are prone to unmeasured
or residual confounding, and RCTs investigating the hepatic
effects of coffee consumption are scarce and negative or
inconclusive [359, 360], no firm conclusions can be drawn.

Treatment of MASLD: Pharmacological Therapy

In adults with MASH, is there sufficient evidence to
recommend prescription of existing non-glucose-
lowering drugs to reduce histologically/non-invasively
assessed liver damage/fibrosis and liver-related out-
comes compared to no pharmacological intervention?

Recommendations

o If approved locally and dependent on the label, adults
with non-cirrhotic MASH with significant liver fibrosis
(stage >2) should be considered for treatment with
resmetirom as a MASH-targeted therapy, as this
treatment demonstrated histological efficacy on stea-
tohepatitis and fibrosis in a large phase III registra-
tional trial with an acceptable safety and tolerability
profile (LoE 2, strong recommendation, consensus).

o Treatment with resmetirom, if approved locally, may
be considered for individuals with MASLD who are
non-cirrhotic and with documentation of either: (A)
advanced fibrosis; (B) at-risk steatohepatitis with sig-
nificant fibrosis (by liver biopsy, when available, or by
non-invasive panels validated for that purpose); or (C)
risk of adverse liver-related outcomes (e.g., by elas-
tography- or biomarker-defined thresholds) (LoE 3,
open recommendation, consensus).

e No MASH-targeted pharmacotherapy can currently be
recommended for adults with MASH at the cirrhotic stage
(LoE 5, weak recommendation, strong consensus).
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e Given the lack of robust demonstration of histological
efficacy on steatohepatitis and liver fibrosis derived from
large phase I1I trials and potential long-term risks, vitamin
E cannot be recommended as a MASH-targeted therapy
(LoE 2, weak recommendation, strong consensus).

Statement

e For individuals with MASLD undergoing therapy with
resmetirom, data on sustainability of histological
benefits, individual prediction of response, liver-related
outcomes and long-term safety are not currently
available (LoE 5, strong consensus).

Liver-Directed Thyroid Hormone Receptor Agonists

The incidence of clinical and subclinical hypothy-
roidism appears to be higher in individuals with MASLD
or MASH relative to age-matched controls, and low
thyroid function is associated with more severe outcomes
[361, 362]. Thyroid hormones reduce hepatic steatosis by
stimulating hepatic lipophagy and mitochondrial bio-
genesis, and by inhibiting hepatic lipogenesis. They can
also interfere with fibrogenesis by inhibiting TGF-f
signalling [363, 364]. Thyromimetics that are selective for
the B subtype (liver expressed) of the thyroid hormone
receptor have been evaluated as a treatment for MASH.
Resmetirom is an orally active, liver-directed, thyroid
hormone receptor agonist with high selectivity for the f1
receptor [365]. Results of a registrational, phase III trial of
resmetirom in individuals with non-cirrhotic MASH
(mostly fibrosis stages 2 and 3) of 1 year duration have
been reported [366]. In the US, this led to the accelerated
approval of resmetirom in March 2024. Resmetirom
performed better than placebo as it improved both dis-
ease activity (resolution of steatohepatitis) and fibrosis.
Progression of fibrosis in individuals with stage 2 fibrosis
was lower than in the placebo arm. Liver enzymes and
serum lipids were also significantly reduced while the
effects on glycaemic control and body weight were
neutral. Side effects were mostly gastrointestinal with
good overall safety and tolerability. Predictive criteria of
response and optimal duration of therapy are currently
unknown. The phase III trial is continuing to determine if
longer treatment results in improved clinical outcomes
[367], including preventing the progression to cirrhosis.
A trial exploring clinical outcomes in a cirrhotic pop-
ulation is also ongoing.

The MAESTRO-NASH phase III registrational trial of
resmetirom included individuals with at-risk MASH
defined histologically by active steatohepatitis (NAS >4)
and significant fibrosis (stage 2 or 3). While individuals
selected for pharmacotherapy would ideally fit the same
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histological profile as those included in the registrational
trial(s), it is anticipated that liver biopsy will be used
sparingly in clinical practice, and a liver biopsy is not
required by the drug label in the US. Therefore alternative
non-invasive panels with high predictive value validated
for the detection of at-risk MASH (e.g. NIS2+ [179, 368,
369], FAST [169, 370], or MRI-based panels [168, 170,
173, 371, 372]) or those with well-validated thresholds to
define risk of advanced fibrosis or liver-related outcomes
(e.g. VCTE-LSM >10 kPa [174, 191], MRE >5 kPa [178,
373], or ELF >9.8 [177, 374, 375]) could play an im-
portant role in selecting individuals for pharmacotherapy
(Table 6], as long as thresholds for a high likelihood of
cirrhosis are not met. Notably, resmetirom significantly
improved MRI-PDFF and liver stiffness measurements in
the MAESTRO-NAFLD phase III trial that did not re-
quire a liver biopsy for study inclusion [376].

In the US, resmetirom is given at a daily dose of 80 mg
in individuals with a body weight <100 kg and at 100 mg
in those with a body weight >100 kg (dose reduction is
advised with concomitant use of moderate CYP2CS8 in-
hibitors such as clopidogrel). At these doses, the most
common side effects were diarrhoea (up to 33%), nausea
(up to 22%), pruritus (up to 11%) and vomiting (up to
11%) [366]. Individuals receiving resmetirom should be
monitored for gastrointestinal side effects and thyroid
hormone function. Circulating sex hormone-binding
globulin (SHGB) levels have been suggested as a surro-
gate for target engagement.

Importantly, evidence is currently limited to 52-week
histological outcome data. This raises uncertainty as to
whether responses will be sustained in the long-term.
Similarly, there is currently no evidence to provide con-
fident guidance on when to stop treatment, particularly
considering that about 70-80 % of participants did not
respond to treatment according to histological criteria. In
the MAESTRO-NASH trial, a =30 % reduction in hepatic
lipid content by MRI-PDFF and a 120% increase in SHGB
were associated with a positive treatment response [366].
Linked to the lack of long-term data, there is uncertainty
regarding long-term safety and effectiveness of resmetir-
om. Particularly the effects on the pituitary-thyroid hor-
mone axis and increases in SHGB levels warrant close
monitoring for thyroid, gonadal or bone disease [377].

Many individuals who may be eligible for treatment
with resmetirom will already be receiving other phar-
macological treatments, e.g. GLP1RA, which raises the
question of how to integrate resmetirom into combina-
tion treatments. About 14% of participants in the
MAESTRO-NASH trial were on GLP1RA treatment,
with stable dosage in the 6 months and stable body weight
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in the 3 months preceding screening liver biopsy [366].
Therefore, it appears reasonable to use resmetirom ac-
cording to the same criteria in individuals already re-
ceiving GLP1RA treatment. Given the burden of the
disease at current epidemiological estimates and corre-
sponding financial strains on healthcare systems, future
cost-effectiveness studies are warranted.

Currently, resmetirom is the only MASH-targeting
drug with positive results from a registrational phase
II clinical trial. However, considering the expected
evolution of MASH-targeted treatment options in
coming years [378], recommendations will need to be
continuously updated to reflect the latest evidence.

Vitamin E

Vitamin E is a lipid-soluble vitamin acting as a peroxyl
radical scavenger with antioxidant, anti-inflammatory,
and anti-apoptotic properties. It reduces de novo lipo-
genesis and therefore contributes to a reduction in liver
lipid content. Higher dietary intake of vitamin E, as
measured by serum alpha tocopherol levels, was associ-
ated with reduced mortality from several chronic con-
ditions (cardiovascular diseases, stroke, cancer) [379,
380], suggesting that current levels of dietary intake are
insufficient [380]. Phenome-wide analyses in the general
population suggested that increased dietary vitamin E
intake protects against MASLD, both clinically and ra-
diologically defined, particularly in individuals with T2D
[381]. Nonetheless, the impact of vitamin E supple-
mentation on cardiovascular mortality or prostate cancer
is still not settled and clinical intervention studies have
shown no benefit [382-384]. For individuals with MASH
and bridging fibrosis or cirrhosis, case-control studies
have shown that long-term exposure to vitamin E is
associated with decreased risk of death, transplant and
hepatic decompensation [385]. In the largest RCT to
date, vitamin E supplementation (800 IU daily over
2 years) in individuals with non-diabetic MASH resulted
in improvement in both steatosis and disease activity,
which was corroborated by a reduction in liver enzymes
[386]. Smaller studies have suggested reduction in liver
enzymes but there is currently no clear data on fibrosis
improvement and no large phase III trial has been
performed.

Ursodeoxycholic Acid

Ursodeoxycholic acid (UDCA) is a natural hydrophobic
bile acid with wide hepatoprotective effects including an-
tioxidant, immunomodulatory and anti-apoptotic proper-
ties. There are three larger, placebo-controlled trials of
UDCA in MASH differing in the dose of UDCA used
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[387-389] and only two of them report histological end-
points [387, 388]. Despite several limitations and meth-
odological differences, there is a strong indication of bio-
chemical efficacy (ALT reduction) and a good safety profile,
but no proof of histological efficacy. A synthetic UDCA
derivative, 24-norursodeoxycholic acid (norucholic acid),
has shown anti-cholestatic, anti-inflammatory and anti-
fibrotic properties in preclinical models [390] and is be-
ing tested for MASH with initial results showing im-
provement in ALT and liver steatosis [391].

Obeticholic Acid

Obeticholic acid (OCA) is an oral, synthetic analogue
of chenodeoxycholic acid designed to have a much
stronger, nanomolar, potency as a FXR (farnesoid X
receptor) agonist than the native bile acid [392]. The
drug is approved at a 5 or 10 mg daily dose for second-
line therapy in primary biliary cholangitis [393] and was
developed for MASH at a higher dose (25 mg daily),
based on a phase II placebo-controlled trial showing
improvement in fibrosis and liver enzymes after
18 months of treatment [394]. These results were
confirmed in a large phase III registrational trial of
individuals with MASH and significant fibrosis (cir-
rhosis excluded) both at the interim analysis of 931
individuals [395] and at a subsequent analysis on 1,607
individuals by a different, consensus, pathologists’ panel
[396]. At 25 mg daily, OCA achieved both a higher
proportion of fibrosis improvement and a lower pro-
portion of worsening than placebo. Despite improved
disease activity (hepatocellular ballooning and lobular
inflammation) there was no significant difference in
resolution of steatohepatitis. Dose-related pruritus and
increases in LDL cholesterol are expected class effects of
FXR agonists [397, 398] but additional concerns over the
risk-benefit ratio (including hepatotoxicity and hepatic
events) resulted in a denial of accelerated approval,
leading to discontinuation of the clinical outcome phase
of the registrational trial and of the development pro-
gramme in MASH.

Omega-3 Polyunsaturated Fatty Acids

Omega-3 polyunsaturated fatty acids have hepatic
anti-inflammatory and insulin-sensitising effects but are
decreased in the livers of individuals with MASH [399].
However, supplementation with eicosapentaenoic acid
(in ethyl ester formulation) did not show any histological
efficacy vs. placebo in RCTs [400, 401]. Studies with
icosabutate, a structurally engineered omega 3 fatty acid
with distinct intracellular distribution and metabolism
[402] are ongoing.
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Statins

MASLD induces atherogenic dyslipidaemia and statin
therapy is therefore often indicated to prevent cardio-
vascular events [403]. The safety of statins has been well
established in individuals with MASLD [403, 404] with
no increased risk of hepatotoxicity [405], yet many in-
dividuals with MASLD are undertreated [406]. Case-
control studies have shown that statin intake is associ-
ated with a reduced risk of MASLD, MASH and liver
fibrosis [407], as well as a reduction in the risk of hepatic
decompensation, mortality and HCC in individuals with
cirrhosis [408]. Nonetheless the efficacy of statins, spe-
cifically for treating MASH, cannot be established, since
there are no large RCTs of statins with histological
endpoints. The same holds true for fibrates and ezetimibe.
Silymarin (an extract of milk thistle) may improve liver
enzymes but the few, small, RCT's available [409, 410] did
not document histological improvement.

In adults with MASH, is there sufficient evidence to
recommend prescription of existing glucose-lowering
drugs to reduce histologically/non-invasively assessed
liver damage/fibrosis and liver-related outcomes com-
pared to no pharmacological intervention?

Recommendations

e In the absence of a formal demonstration of histological
improvement in large, well conducted, phase III trials,
glucagon-like peptide 1 receptor agonists (GLP1RA)
cannot currently be recommended as MASH-targeted
therapies (LoE 5, strong recommendation, strong
consensus).

e GLP1RAs are safe to use in MASH (including com-
pensated cirrhosis) and should be used for their re-
spective indications, namely type 2 diabetes and
obesity, as their use improves cardiometabolic out-
comes (LoE 2, strong recommendation, strong
consensus).

e Where available, pioglitazone is safe to use in adults
with non-cirrhotic MASH but given the lack of robust
demonstration of histological efficacy on steatohepa-
titis and liver fibrosis in large phase III trials, piogli-
tazone cannot be recommended as a MASH-targeted
therapy (LoE 2, weak recommendation, consensus).

o There is insufficient evidence to recommend the use of
sodium-glucose cotransporter-2 (SGLT2) inhibitors or
metformin as MASH-targeted therapies; however, they
are safe to use in MASLD and should be used for their
respective indications, namely type 2 diabetes, heart
failure and chronic kidney disease (LoE 3, strong
recommendation, strong consensus).

EASL-EASD-EASO Guidelines on the
Management of MASLD

Statements

* In case of substantial weight loss induced by GLP1RAs,
a hepatic histological benefit could be expected, al-
though this has not been extensively documented so far
(LoE 2, strong consensus).

o There is insufficient evidence to support using any
other glucose-lowering drug class as MASH-targeted
therapies (LoE 5, strong consensus).

Incretin Mimetics

Glucagon-like peptide-1 receptor agonists (GLP1RAs),
single or dual (ie., glucose-dependent insulinotropic
polypeptide [GIP]-GLP1RAs), are approved for the
treatment of T2D, with some also approved for obesity
(liraglutide, semaglutide, and tirzepatide); these incretin
mimetics have shown beneficial effects on cardiovascular
and renal outcomes [411]. Their different actions include
potentiation of prandial insulin secretion, as well as an
inhibition of appetite and increased satiety, mediated
both centrally and through reduced gastric motility,
which mainly accounts for the weight-loss effects [412].
Other hormones or their analogues potentiate the an-
orexigenic effects of GLP1 (GIP, glucagon, cagrilintide) or
have additional peripheral effects such as increasing li-
polysis, lipid oxidation and energy expenditure and are
now being developed as dual or triple co-agonists that can
induce a similar magnitude of weight loss as bariatric
surgery [413]. Some of the studies performed in T2D or
obesity documented a reduction in liver enzymes and
hepatic lipid content, reinforcing the rationale to test co-
agonists in MASH [411].

While an initial study with liraglutide indicated a
histological benefit in MASH [414], drugs that are being
developed for MASH now include semaglutide, and dual
GLP1-GIP (e.g. tirzepatide), dual GLP1-glucagon (e.g.
cotadutide, survodutide, efinopegdutide) or triple GLP1-
GIP-glucagon (e.g. retatrutide) agonists. The largest
available trial on semaglutide in MASH (vs. placebo over
an 18-month treatment period) demonstrated resolution
of steatohepatitis but no fibrosis improvement [415]. A
large registrational, phase III study with semaglutide is
ongoing. Combining semaglutide with lipogenesis in-
hibitors may provide additional benefit [416, 417] and
such approaches are being tested in larger trials. His-
tology data are not yet available for the newer dual and
triple agonists. Tirzepatide (GLP1-GIP RA) has been
shown to significantly reduce both liver and visceral fat in
those with T2D, in association with major weight loss
(comparable to bariatric surgery) [418], and promising
results on steatohepatitis resolution from a phase II study
in MASH have been communicated. Dual GLP1-glucagon
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RAs (cotadutide and efinopegdutide) have also been
shown to improve liver steatosis, liver enzymes and in-
dexes of fibrosis in individuals with MASLD [419, 420].
Weight-loss effects of survodutide are promising [421] as
are the preliminary histology data from a phase IIb
trial [422].

Case-control studies have suggested that exposure to
GLP1RAs or SGLT2 inhibitors in people with T2D is
associated with a reduction in liver-related outcomes
(423, 424] although the only available pilot trial of
semaglutide in individuals with cirrhosis did not dem-
onstrate a histological improvement [425].

Sodium-Glucose Co-Transporter-2 Inhibitors

SGLT?2 inhibitors are approved for T2D, with some
(empagliflozin, dapagliflozin) also approved for
chronic kidney disease and heart failure because of
their beneficial effect on cardiovascular and renal
outcomes [426]. They induce renal glucosuria, weight
loss, blood pressure reduction, and protection from
major cardiovascular outcomes, including heart fail-
ure. The weight loss is due to renal energy loss and
reduction in fat mass, with reductions in both visceral
and abdominal subcutaneous adipose tissue [427].
Controlled clinical trials with liver histological end-
points are currently not available. Trials in people with
T2D (not all with MASLD and some excluding high
ALT values) have shown a moderate reduction in liver
lipid content with empagliflozin [428, 429], dapagli-
flozin [430] and licogliflozin [431]. Reductions in ALT
were shown with empagliflozin [428] and licogli-
flozin [431].

Peroxisome Proliferator-Activated Receptor Agonists

In several RCTs, pioglitazone, a thiazolidinedione
which mainly activates peroxisome proliferator-activated
receptor (PPAR)y, has been shown to improve histo-
logical features of steatohepatitis [386, 432-434],
without a clear effect on fibrosis regression even after
prolonged (3-year) therapy [433]. However, no large,
international, phase III trial has been conducted and
pioglitazone has been withdrawn from the market in
several European countries. The drug has beneficial
effects on insulin sensitivity, glycaemic control, serum
lipids and prevention of cardiovascular events in in-
dividuals with T2D [435, 436] but the side effect profile
(weight gain, pedal oedema, haemodilution, bone loss
in post-menopausal women and a debate around the
risk of bladder cancer) has limited its development for
MASH [437]. Pioglitazone R-enantiomers lacking PPARy
activity but retaining non-genomic effects through inhi-
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bition of the mitochondrial pyruvate carrier have shown
preliminary biochemical and antifibrotic responses with
improved side effect profiles [438]. A phase IIb trial
showed a dose-dependent histological improvement of
steatohepatitis and fibrosis with the pan-PPAR agonist
lanifibranor [439], though side effects were reminis-
cent of PPARy agonists, namely a 2.5% increase in
weight, pedal oedema and mild anaemia. A large
registrational, phase III trial is ongoing. Saroglitazar, a
dual PPARa/y agonist has been shown to improve
insulin resistance, liver steatosis and liver enzymes
[440] and is approved in India for the treatment of
T2D and MASH [441]. Trials with liver histological
endpoints are ongoing.

Metformin

Small and uncontrolled initial trials of metformin
have shown an ALT reduction and an insulin-
sensitising effect [442, 443], but were not followed
by sufficiently large and well-conducted RCTs. Cur-
rently, there is no evidence that metformin alone can
improve histology in MASH. As far as clinical out-
comes, there is some indication from observational
and case-control studies that, in people with T2D and
MASLD-related advanced fibrosis or cirrhosis, met-
formin may improve transplant-free survival (but not
the risk of hepatic decompensation), and reduce the
risk of primary liver and extrahepatic cancer [444,
445]. Thus, metformin should not be discontinued in
those individuals with cirrhosis (unless discontinua-
tion is required due to hepatic decompensation or
renal failure), as this could increase mortality [446].

Fig. 4 summarises our recommended choice of
pharmacological treatment options in individuals with
MASH, depending on comorbidities and stage of disease.

In adults with MASH, is there sufficient evidence to
recommend prescription of existing weight-loss agents
to reduce histologically/non-invasively assessed liver
damage/fibrosis and liver-related outcomes compared to
no pharmacological intervention?

Recommendation

e Non-incretin-based weight-loss agents are not rec-
ommended as MASH-targeted therapies (LoE 5,
strong recommendation, strong consensus).

Controlled trials (with histological endpoints or liver-
related outcomes) of weight-loss agents other than incretin
hormone analogues [447] (e.g., orlistat, phentermine-
topiramate, naltrexone-bupropion) have either not been
performed or have been inconclusive [448].
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Preferred pharmacological options for treating comorbidities
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Fig. 4. Treatment recommendations beyond lifestyle modification in MASLD/MASH. The recommended choice of
pharmacological treatment options in individuals with MASLD/MASH is dependent on comorbidities and stage of
disease. BMI, body mass index; GLP1RA, glucagon-like peptide 1 receptor agonist; HCC, hepatocellular carcinoma;
MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver
disease; SGLT2, sodium-glucose cotransporter 2; T2D, type 2 diabetes.

Treatment of MASLD: Surgical and Endoscopic
Therapy

In adults with MASLD and obesity, are bariatric/
metabolic surgery procedures or endoscopic weight-
loss interventions effective to reduce histologically/
non-invasively assessed liver damage and liver-related
outcomes compared with no intervention?

Recommendations

e In adults with non-cirrhotic MASLD who have an ap-
proved indication, bariatric surgery should be considered,
because it can induce long-term beneficial effects on the
liver and is associated with remission of type 2 diabetes
and improvement of cardiometabolic risk factors (LoE 3,
strong recommendation, strong consensus).

e In adults with MASLD-related compensated advanced
chronic liver disease/compensated cirrhosis who have
an approved indication, bariatric surgery can be
considered but careful evaluation (indication, type of
surgery, presence of clinically significant portal hy-
pertension) by a multidisciplinary team with experi-
ence in bariatric surgery in this particular population is
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required (LoE 4, weak recommendation, strong
consensus).

o Metabolic/bariatric endoscopic procedures require fur-
ther validation as MASH-targeted therapy and cannot
currently be recommended (LoE 4, weak recommen-
dation, strong consensus).

The most common bariatric surgery procedures in-
clude purely gastric components like gastric banding
(either adjustable or nonadjustable), sleeve gastrectomy
and vertical banded gastroplasty, or techniques that divert
gastric content distally into the small intestine (gastric
with diversion) like Roux-en-Y gastric bypass, bil-
iopancreatic diversion or one anastomosis gastric bypass.
Indications for bariatric surgery are BMI >40 kg/m?, or
BMI >35-40 kg/m? in the presence of associated co-
morbidities, or BMI >30-35 kg/m? if people have T2D
and/or hypertension with poor control despite optimal
medical therapy [449]. In the Asian population, the
threshold is lower since clinical obesity is recognised in
individuals with BMI >25 kg/m? [41].

Many prospective studies have shown that bariatric
surgery induces stable weight loss, remission of T2D
[450], improvement in cardiovascular risk [451], and a
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reduction in cancer (including liver cancer) risk [452]. In
line with data from prospective studies, the large retro-
spective SPLENDOR study found significantly lower rates
of adverse liver-related outcomes and major adverse
cardiovascular events in individuals who underwent
metabolic surgery compared to non-surgical controls
[453]. Two meta-analyses that included more than 30
studies and enrolled more than 3,700 individuals with
MASLD/MASH undergoing bariatric surgery showed
that Roux-en-Y gastric bypass was associated with the
most individuals achieving improvement in steatohepa-
titis, and had a greater impact on MASLD histology
compared with other procedures [454, 455]. Roux-en-Y
gastric bypass improved or resolved liver fibrosis in 30%
of individuals [454]. Interestingly, the percentage of in-
dividuals with improved steatosis and hepatic fibrosis was
higher in Asian countries [455]. However, in a study with
control biopsies after surgery, advanced fibrosis (bridging
fibrosis or cirrhosis) persisted in 47% of individuals
sometimes even 5 years or more post-surgery and despite
significant weight loss [456]. A better understanding of
weight loss-dependent and -independent effects on he-
patic fibrosis is warranted.

In an observational study, MASH was resolved in 84%
of 180 individuals with class 2 obesity and MASH 5 years
after Roux-en-Y gastric bypass (66%), sleeve gastrectomy
(12%) or gastric banding (22%) [457]. The BRAVES
multicentre, open-label, randomised study demonstrated
histological resolution of MASH without worsening of
fibrosis in 55% of those assigned to Roux-en-Y gastric
bypass or sleeve gastrectomy at 1-year follow-up vs. 15%
in the lifestyle modification group in the intention-to-
treat analysis [458]. In this open-label RCT, fibrosis
improvement by >1 stage without worsening of MASH
after 1 year was achieved in 37% and 39% of patients after
Roux-en-Y gastric bypass and sleeve gastrectomy, re-
spectively, vs. 23% after lifestyle modification. However,
the majority of study participants had mild fibrosis [458].
In this RCT, about 6% of participants had severe adverse
events related to surgery [458]. Endoscopic bariatric/
metabolic therapies for weight loss are more affordable
and associated with a lower risk of complications. These
endoscopic procedures include intragastric balloon, en-
doscopic sleeve gastroplasty, aspiration device, trans-
pyloric shuttle, Botox injection, duodenal jejunal bypass
liner, duodenal mucosa resurfacing, incisionless magnetic
anastomosis system, and primary obesity surgery endo-
luminal. A meta-analysis that included 33 studies with
1,710 individuals reporting liver-related endpoints (e.g.,
NITs, liver fibrosis, steatosis) showed a significant im-
provement in parameters related to liver steatosis and

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

408

fibrosis with various endoscopic bariatric therapies [459].
However, most included studies were retrospective, with
few histology data.

End-Stage Liver Disease and Liver Transplantation

In adults with MASH-related cirrhosis, should dietary
and lifestyle recommendations be adapted to the severity
of liver disease, nutritional status, and sarcopenia?

Recommendations

e In adults with MASH cirrhosis, it is recommended that
dietary and lifestyle recommendations be adapted to
the severity of liver disease, nutritional status and the
presence of sarcopenia/sarcopenic obesity (LoE 2,
strong recommendation, strong consensus).

e In adults with sarcopenia, sarcopenic obesity or de-
compensated cirrhosis, it is recommended that a high-
protein diet is provided, as well as a late-evening snack.
(LoE 2, strong recommendation, consensus).

e Moderate weight reduction can be suggested in adults
with compensated cirrhosis and obesity, with an
emphasis on high protein intake and physical activity
to maintain muscle mass and reduce the risk of
sarcopenia (LoE 3, weak recommendation, strong
consensus).

Among individuals with cirrhosis awaiting liver trans-
plantation, malnutrition and sarcopenia (a progressive de-
cline in skeletal muscle mass and function [460]) are
prevalent. Sarcopenia affects 50-60% of individuals [461]
and is associated with higher rates of wait-list complications,
morbidity, and mortality [462, 463]. Sarcopenic obesity, the
state of decreased muscle mass in the setting of increased fat
mass, occurs mainly in MASH-related cirrhosis and is found
in 20-35% of individuals with cirrhosis pre-and-post liver
transplant [460, 464]. Obesity and sarcopenic obesity are risk
factors for clinical decompensation and worsen prognosis
[45, 464]. Evaluation for sarcopenia includes the skeletal
muscle index or psoas muscle area at the third lumbar
vertebra, if a CT scan has been performed, and the mea-
surement of frailty using tools like hand grip or liver frailty
index and other diagnostic procedures summarised in the
joint European Society for Clinical Nutrition and Meta-
bolism (ESPEN)-EASO consensus statement [465].

Nutritional intervention improves nutritional sta-
tus, hepatic encephalopathy, survival, and quality of
life in people with cirrhosis [466, 467]. In an RCT
among individuals with decompensated cirrhosis, a 6-
month dietitian-supported home-based intensive
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Table 10. Summary of protein, energy, and dietary pattern recommendations for adults with cirrhosis as indicated by medical
associations’ Practice Guidance/Guidelines. In addition, individuals with cirrhosis must abstain from alcohol

Society/ EASL 2019 [463] ESPEN 2019 [461] and Joint ESPEN/UEG AASLD 2021 [460]
Association guideline 2023 [470]
BMI Mixed BMls Obese Mixed BMls Obese Non-obese Obese (non-
Status’ (BMI >30 kg/m?) (BMI >30 kg/m?) hospitalised, clinically
stable)
Daily energy 35 kcal/kg >5-10% WR, 30-35 kcal/kg only WR. >35 kcal’kg ~ 25-35 kcal/kg/day for
actual BW (in  moderately for DC. No need for body individuals with BMI
nonobese hypocaloric diet Regular energy increased energy  weight/day 30-40 kg/m?, and 20-
individuals) (-500-800 kcal/d) requirements intake 25 kcal/kg/day for
in CC individuals with
BMI >40 kg/m?2.
WR if medically

required, under the
supervision of a
multidisciplinary
team.

Caution applied to
prescribing weight

loss in
decompensated
cirrhosis.
Daily 1.2-159g/kg  >1.5 g/kg IBW 1.2 g/kg (for non- Individuals with 1.2-1.5 g/kg  Intake of target
protein actual BW malnourished overweight or IBW protein (1.2-1.5 g/kg/
individuals with obesity and For individuals day) and physical
CQO) to 1.5 g/kg (for compensated with cirrhosis activity are required
malnourished cirrhosis: 1.2 g/kg  who are to reduce the loss of
and/or sarcopenic ABWY/d. Individuals critically ill, a muscle contractile
cirrhosis) with overweight or target of 1.2- function and muscle
obesity and 2.0 g/kg IBW  mass that can occur
compensated with weight loss.
cirrhosis
undergoing
weight-loss
programs: 1.2-1.5
g/kg ABW/d.
Individuals with
overweight or
obesity and
compensated
cirrhosis and
malnutrition or
sarcopenia: 1.5 g/
kg ABW/d.
Meal Split food intake into 3 main Three to five meals a day and a late Maximum interval of 3-4 hours
patterns meals and 3 snacks evening snack between nutritional intake while
awake.
To minimise nocturnal fasting time, an
early breakfast and/or late-evening
snack recommended
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Table 10 (continued)

Society/ EASL 2019 [463] ESPEN 2019 [461] and Joint ESPEN/UEG AASLD 2021 [460]

Association guideline 2023 [470]

BMI Mixed BMlIs Obese Mixed BMIs Obese Non-obese Obese (non-

Status® (BMI >30 kg/m?) (BMI >30 kg/m?) hospitalised, clinically
stable)

Dietary Individuals may tolerate animal  In individuals who are protein A diverse range of protein sources,

protein protein (meat) less well than “intolerant”, vegetable proteins should including vegetable and dairy

source in vegetable protein (beans, peas, be used products, should be encouraged.

case of HE  etc.) and dairy proteins

ABW, adjusted body weight; BMI, body mass index; CC, compensated cirrhosis; DC, decompensated cirrhosis; HE, hepatic en-
cephalopathy; IBW, ideal body weight; WR, weight reduction. ABW = reference body weight (in which BMI = 25) + 0.33*(actual body
weight - reference body weight). fIn a case of fluid retention, body weight should be corrected by evaluating the individual's dry weight.

high-calorie, protein-rich nutrition therapy was as-
sociated with improvement in frailty, sarcopenia and,
among treatment-adherent individuals, liver disease
scores and survival [468]. The EASL CPGs on nutri-
tion in chronic liver disease provide a comprehensive
review of the recommended nutritional intake in in-
dividuals with cirrhosis [463]. The approach of the
majority of nutritional interventions in cirrhosis is to
supply at least 35 kcal/kg of body weight/day, with a
daily recommended protein intake of 1.2-1.5 g/kg of
body weight/day (sufficiently rich in branched-chain
amino acids) to prevent or reverse muscle mass loss
[460, 461, 463] (Table 10). In individuals with com-
pensated cirrhosis and obesity, a reduction in body
weight through lifestyle interventions, including
moderate caloric restriction and supervised moderate-
intensity physical exercise, has been shown to reduce
portal pressure and may prevent clinical decompen-
sation [45, 469]. For individuals with cirrhosis and
obesity, weight-loss interventions require special at-
tention to avoid sarcopenia [470].

To prevent accelerated starvation and the related
proteolysis, there is a need to shorten fasting intervals
between meals by eating every 4-6 hours and having a
late-evening snack [463]. A late-evening snack con-
taining complex carbohydrates and protein reduces
lipid oxidation, improves nitrogen balance, reduces
skeletal muscle proteolysis, increases muscle mass,
reduces hepatic encephalopathy and improves quality
of life [471, 472].

Physical activity and exercise are anabolic stimuli that
can improve muscle mass and function. Consistent
benefits of exercise demonstrated in RCTs include re-
versal of sarcopenia and improvements in aerobic ca-
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pacity, muscle mass and strength, performance measures,
health-related quality of life and hepatic venous pressure
gradient [473, 474].

In adults with MASH-related cirrhosis, how should
pharmacologic interventions for diabetes and lipid
control or cardiovascular prevention be adapted to the
severity of the liver condition?

Recommendations

o Metformin can be used in adults with compensated
cirrhosis and preserved renal function but should not
be used in adults with decompensated cirrhosis, es-
pecially when there is concomitant renal impairment,
because of the risk of lactic acidosis (LoE 3, strong
recommendation, strong consensus).

o Sulfonylureas should be avoided in adults with
hepatic decompensation because of the risk of hy-
poglycaemia (LoE 4, weak recommendation,
strong consensus).

e GLPI1 receptor agonists can be used in adults with
Child-Pugh class A cirrhosis, according to its indication
(LoE 2, weak recommendation, strong consensus).

e SGLT2 inhibitors can be used in adults with Child-
Pugh class A and B cirrhosis (LoE 4, weak recom-
mendation, consensus).

¢ Statins can be used in adults with chronic liver disease,
including those with compensated cirrhosis; they
should be used in adults according to cardiovascular
risk guidelines to reduce cardiovascular events (LoE 1,
strong recommendation, strong consensus).

Metformin improves ALT but not histological
steatosis, inflammation and fibrosis in individuals with
MASLD [475]. However, observational data suggest a
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potential protective effect against HCC [476, 477].
Metformin may cause lactic acidosis through im-
pairment of oxidative phosphorylation [478]. The risk
of metformin-associated lactic acidosis is increased in
individuals with renal impairment and hepatic de-
compensation, especially when both are present [479].

The risk of sulfonylurea-induced hypoglycaemia is
increased in individuals with advanced liver disease.
Gliclazide has significant hepatic metabolism. Hepato-
toxicity has also been reported for glibenclamide and is
rarely seen with gliclazide [480, 481].

SGLT2 inhibitors increase glycosuria. Apart from
an improvement in blood glucose, they reduce
bodyweight and blood pressure, and have been shown
to have beneficial cardiovascular effects, prevent
progression of renal disease, and potentially even
improve ALT and MRI-measured intrahepatic tri-
glyceride content [482]. Drug exposure to empagli-
flozin and dapagliflozin increased by 67-75% in in-
dividuals with Child-Pugh class C cirrhosis. Drug
exposure to canagliflozin increased by 96-111% in
individuals with Child-Pugh class B cirrhosis, and the
drug has not been studied in individuals with Child-
Pugh class C cirrhosis. SGLT2 inhibitors should be
used with caution or avoided in people with severe
renal impairment.

Data on the use of GLP1RAs in advanced liver disease
are limited. In a small RCT of 71 participants with
compensated MASH-related cirrhosis, semaglutide at a
dose of 2.4 mg weekly was well tolerated and improved
steatosis, liver enzymes, bodyweight and HbA,. [425].
Future studies should also scrutinise the impact of
GLP1RAs on adipose tissue and skeletal muscle mass,
especially as sarcopenia is a risk factor for mortality in
individuals with cirrhosis.

Statins are important treatments to prevent car-
diovascular events. Multiple observational studies
suggest a benefit of statins on the prevention of HCC
and/or cirrhotic complications [483]. ALT elevation
may be observed in up to 3% of individuals during
statin treatment, but severe liver injury is rare, and liver
fibrosis progression has not been observed [484]. There
are few studies on the use of statins in individuals with
decompensated cirrhosis. One RCT testing simvastatin
in individuals with variceal haemorrhage failed to show
an impact on rebleeding and suggested an improve-
ment in overall survival, and the drug was safe in this
high-risk population [485]. However, using high-dose
statins in decompensated cirrhosis confers an increased
risk of severe adverse events. In a multicentre European
clinical trial in individuals with Child-Pugh class B or C
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cirrhosis, 19% of those receiving simvastatin 40 mg
daily developed liver toxicity and rhabdomyol-
ysis [486].

In adults with MASLD, can non-invasive scores, serum
markers, liver stiffness measurements, and/or imaging
replace hepatic venous pressure gradient (HVPG) and
endoscopy in identifying individuals with clinically
significant portal hypertension and varices requiring
treatment, respectively?

Recommendations

e Liver stiffness measurement (LSM) by vibration-
controlled transient elastography (VCTE) <15 kPa
plus platelet count >150 x 10°/L may be used to rule
out clinically significant portal hypertension (CSPH) in
adults with MASLD (LoE 3, weak recommendation,
strong consensus).

o If CSPH is present, non-selective beta-blockers may be
started unless contraindicated (LoE 3, weak recom-
mendation, strong consensus).

e In adults with compensated advanced chronic liver
disease but LSM >20 kPa and/or platelet count <150 X
10°/L, an upper gastrointestinal endoscopy should be
performed to screen for varices unless they already
fulfil the criteria to initiate non-selective beta-blockers
(LoE 3, strong recommendation, strong consensus).

Statement

e The threshold of LSM >25 kPa to rule in CSPH is only
applicable to non-obese (BMI <30 kg/m?) adults with
MASLD; while obesity can confound LSM, current
evidence is insufficient to suggest the optimal non-
invasive test to rule in CSPH in adults with MASLD
and obesity (LoE 3, strong consensus).

According to the Baveno VII criteria, one may exclude
CSPH when LSM is <15 kPa and platelet count is normal
at >150 x 10°/L, and rule in CSPH when LSM is >25 kPa
[487]. The LSM cut-off of 25 kPa has been used to rule in
CSPH in individuals with various liver diseases such as
chronic viral hepatitis and MASLD [487]. However, both
underweight and obesity have been shown to confound
LSM, resulting in false-positive diagnoses of CSPH [488].
The ANTICIPATE-NASH model, a function of LSM,
platelet count and BMI, may help in assessing the risk of
CSPH and liver-related events in individuals with com-
pensated MASH-related cirrhosis and guide shared de-
cision making on endoscopic surveillance [489] (available
online: https://www.bcn-liverhuvh.com/resources).

The PREDESCI trial showed that the use of non-
selective beta-blockers (NSBBs) in individuals with
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Table 11. Screening and management for comorbidities in individuals with MASLD before liver trans-
plantation. Modified from [496, 497]

Condition Recommendation

Type 2 diabetes o Screen for impaired fasting glucose (IFG) or glucose tolerance (IGT) and/or T2D (OGTT,
HbA1c)
e Achieve glycaemic control before LT
o Preferentially use weight-lowering (e.g. SGLT2 inhibitors, GLP1RA) or weight-neutral
(e.g. metformin) diabetes medication, considering risk of other diabetes
complications, if liver and/or renal function allow this

Nutrition e Assess nutritional status before LT
e Assess alcohol consumption
» Healthy diet, physical exercise and lifestyle modification (including weight reduction
in individuals with obesity) represent pillars in pre-LT management

Cardiovascular e Pre-LT cardiovascular risk stratification is mandatory
e Risk-adapted algorithm of cardiac work-up should be followed (see Fig. 5)
e LT candidates with cardiovascular risk should be managed with goal-directed
medical management (e.g., statins, anti-platelet agents, beta blockers, RAAS blockers),
based on the stage of cirrhosis and renal function

Kidney e Kidney function should be adequately monitored before LT
e Comedications need to be adjusted (or replaced) dependent on kidney function

Malignancies e Screening for pre-LT malignancies should follow the same protocols applied to
individuals with non-MASLD related cirrhosis (including gastrointestinal and genital

cancers)

GLP1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; LT, liver transplan-
tation; MASLD, metabolic dysfunction-associated steatotic liver disease; OGTT, oral glucose tolerance test;
RAAS, renin-angiotensin-aldosterone system; SGLT2, sodium-glucose cotransporter-2.

CSPH could reduce not only variceal haemorrhage but also
other decompensating events [490]. NSBBs and endo-
scopic variceal ligation are both acceptable treatments for
primary prophylaxis against the first episode of variceal
haemorrhage [487]. Therefore, if an individual has CSPH
and can tolerate NSBBs, it is reasonable to start NSBBs
without first performing upper gastrointestinal endoscopy.

In case of contraindications or NSBB intolerance, the
Baveno VI criteria can be used to select individuals for
upper gastrointestinal endoscopy to screen for varices.
Several studies have confirmed a low missed rate of <5%
for varices needing treatment when LSM is <20 kPa and
platelet count is >150 x 10°/L [491]. This notion has been
confirmed in a multicentre cohort of individuals with
MASH-related cirrhosis [492].

Spleen stiffness measurement by VCTE has been
shown to correlate with hepatic venous pressure gradient
and predict the presence of varices needing treatment
[493, 494]. There are, however, two caveats. First, data in
individuals with MASLD are limited. Second, the existing
data largely used the 50 Hz probe, which was not designed
for spleen stiffness measurement. The current dedicated
probe for spleen stiffness measurement uses ultrasound at

Obes Facts 2024;17:374-443
DOI: 10.1159/000539371

412

a frequency of 100 Hz [495]. Because the measurement of
shear wave velocity is influenced by the frequency of
ultrasound, future studies should define optimal cut-offs
for the interpretation of spleen stiffness measurement.

In adults with MASLD who are candidates for liver
transplantation, should the evaluation of (cardiometabolic)
comorbidities in the pre- and post-transplant phase be
different from that of individuals with liver disease of other
aetiologies?

Statement

e Adults with MASLD are at increased risk of major
cardiovascular events in the pre-, peri- and post-
transplant phase (LoE 2, strong consensus).

Recommendations

e Adults with MASLD who are candidates for liver
transplantation should be evaluated by a multidisci-
plinary team for cardiovascular and metabolic co-
morbidities to mitigate the risk of major cardiovascular
events in the pre-, peri- and post-transplant phase (LoE
3, strong recommendation, strong consensus).
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multidisciplinary team using a stepwise and
risk-adjusted cardiac work-up algorithm to

Cardiology referral, CCTA or
coronary angiography
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coronary computed tomography angiog-
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between transplant team, cardiology
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Multidisciplinary discussion

management of CV disease and
related comorbidities

*Indicates suboptimal sensitivity in high- ~
risk populations.

e A comprehensive screening for comorbidities in adults
with MASLD before liver transplantation (Table 11),
including a stepwise and risk-adjusted cardiac work-up
algorithm (Fig. 5), may help to optimise management
of adults with MASLD before, during and after liver
transplantation (LoE 5, weak recommendation,
strong consensus).

Adult liver transplant candidates with MASLD have
different characteristics compared to candidates with other
aetiologies of liver disease. In a large analysis of 68,950
adults undergoing first liver transplantation between 2002
and 2016 using the European Liver Transplant Registry
database, individuals transplanted for MASH were more
likely to have HCC, were older, and had a higher BMI
[498]. Infections (24%) and cardio/cerebrovascular com-
plications (5.3%) were the commonest causes of death in
individuals with MASH without HCC [498]. Independent
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risk factors for death in individuals transplanted for
MASH without HCC were recipient age, model for end-
stage liver disease score and obesity [498]. Individuals with
MASLD and T2D are at particular risk for all-cause
mortality and deaths due to cardiac and renal causes
following liver transplantation [499]. MASLD/MASH is
independently associated with cardiovascular diseases,
renal and thyroid dysfunction, OSA, and a hypercoagu-
lable state, which can affect perioperative outcomes [500].
The risk of major (including fatal) cardiovascular events
appears to be particularly high in the first year after
transplantation, especially in the perioperative period
[501]. Despite the overall higher rate of risk factors in
adults with MASLD, long-term graft- and recipient sur-
vival after liver transplantation do not differ in many
retrospective and registry analyses [498, 502, 503], sup-
porting that candidates with MASLD can be safely
transplanted, if properly managed [496].
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Although MASH is considered an independent risk
factor for cardiovascular events similar to other
traditional risk factors, there is insufficient evidence
to support a fundamentally different approach to the
pre-transplant cardiovascular risk assessment, as
stated in the ILTS consensus statement [504].
Therefore, a stepwise and risk-adjusted approach to
meticulously assess the presence of cardiovascular
diseases in liver transplant candidates with MASLD
seems appropriate (Fig. 5]. Scores such as the CAR-
OLT (cardiovascular risk in orthotopic liver trans-
plantation) risk score have been suggested to support
identifying liver transplant candidates at particular
risk for cardiovascular diseases, who warrant further
cardiological investigations [505]. Since many indi-
viduals with MASLD do not achieve the target heart
rate with (physical) cardiopulmonary exercise, phar-
macological stress tests will be the test of choice in
most individuals. Myocardial perfusion scintigraphy is
also suitable to exclude relevant coronary artery dis-
ease in liver transplant candidates [506]. However, a
meta-analysis found low sensitivities of 28% for stress
echocardiography and 61% for myocardial perfusion
scintigraphy for detection of coronary artery disease in
liver transplant candidates [507]. Therefore, non-
invasive angiography with coronary computed tomog-
raphy angiography (CCTA) may be an alternative in
liver transplant candidates, particularly in those with
MASLD who are at high risk of significant coronary
artery disease [496]. In individuals with positive signals
on stress tests or CCTA, or for whom there is clinical
suspicion of coronary artery disease, coronary angiog-
raphy and, if indicated, revascularisation, should be
performed [504]. At present, there are no prospective
randomised-controlled diagnostic trials demonstrating
superior outcomes with any (specific) preoperative
screening strategy in individuals with MASLD under-
going liver transplantation [504].

In potential liver transplant recipients with MASH and
severe obesity, do pharmacologic treatments, endoscopic
interventions, and bariatric surgery for weight loss
improve outcomes before and after transplantation?

Recommendations

e Adults with obesity and end-stage MASLD listed for
liver transplantation should undergo therapeutic in-
terventions aimed at weight reduction without wors-
ening sarcopenia as this will improve peri-operative
outcomes (LoE 3, strong recommendation, strong
consensus).
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o Implementation of dietary modification and super-
vised physical exercise should be the first line man-
agement approach with the objective of reducing
BMI <40 kg/m? and ideally <35 kg/m? (LoE 1, strong
recommendation, strong consensus).

e In adults with end-stage MASLD listed for liver
transplantation, pharmacological weight-loss strategies
may be considered after careful risk-benefit assessment
(e.g. presence of sarcopenia, liver function impairment)
(LoE 4, weak recommendation, consensus).

e In adults with compensated cirrhosis and without
clinically significant portal hypertension, sleeve gas-
trectomy prior to liver transplantation may be con-
sidered as an alternative option to dietary or phar-
macological weight loss (LoE 3, open recommenda-
tion, strong consensus).

* In case of decompensated cirrhosis, bariatric surgery is
contraindicated and needs to be discussed in the
context of considering liver transplantation (LoE 4,
open recommendation, strong consensus).

Statement

o Weight loss and optimised treatment of comorbidities
before transplantation may confer a benefit in terms of
cardiovascular morbidity, as well as long-term survival
and reduced recurrence of severe MASLD after liver
transplantation (LoE 3, strong consensus).

While the impact of obesity on overall and graft
survival is controversial [508], candidates for liver
transplantation with obesity have higher waitlist mor-
tality and lower transplant rates [509], and are less likely
to be evaluated for liver transplantation [510]. Currently
BMI-based criteria are no longer a contraindication
[504]. Increased risk for cardiometabolic complications
in individuals with obesity has led to the claim that, in
select individuals with obesity and MASLD-related cir-
rhosis, obesity should be managed prior to liver trans-
plantation, though a target BMI or the benefit of weight
loss have not been formally established.

Optimisation of medical treatment of comorbidities [511],
implementation of dietary modifications and supervised
physical exercise should be performed according to rec-
ommended guidelines and the recommendations outlined
above, as no indication for the utility of specific measures for
individuals with MASH is available [504]. Although
thresholds for optimal weight reduction before liver trans-
plant have not been established, achieving a BMI <40 kg/m?
appears ideal [504] and any weight loss is desirable. The
overall benefit of weight reduction and improvements in
weight-related comorbidities on peri-operative outcomes has
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been established [512]. The benefit on cardiovascular
complications and overall survival is predictable based on the
epidemiological and natural history data but has not been
formally demonstrated. No data are available on the effec-
tiveness of such measures on the incidence of recurrent or de
novo MASH after liver transplantation.

GLP1RAs, as the most promising weight-loss agents, have
not been studied in liver transplant candidates. Although
their tolerability profile is well established, these drugs
cannot be recommended until the impact of severe hepatic
impairment on drug pharmacokinetics is well determined.

Endoscopic bariatric techniques such as intragastric
balloons are now recommended as a weight-loss inter-
vention in individuals with obesity who have failed a trial
of conventional weight-loss strategies [513]. Gastric or
oesophageal varices and clinically significant portal hy-
pertension are an absolute contraindication [514, 515]
although successful placement of these balloons (16.5%
weight loss and 11% portal pressure reduction) after
variceal eradication by band ligation has been reported in
individuals with preserved liver function [516]. Very
small series have been reported to date, providing proof of
principle of feasibility in select individuals with mean
weight loss of 11% at 6 months [517].

Bariatric surgery is the best studied technique for
achieving weight loss in liver transplant candidates but
should only be considered after the failure of conser-
vative measures [515]. Individuals with decompensated
cirrhosis have a 10-fold higher risk of death after
bariatric surgery than those with compensated cirrhosis
[518] and are thus not good candidates for this pro-
cedure. In individuals with compensated cirrhosis,
portal hypertension should be assessed pre-operatively,
and bariatric surgery should be avoided in individuals
with clinically significant portal hypertension (>10
mmHg), unless performed in highly selected individuals
and highly experienced centres [470]. Adjustable gastric
bands should be avoided as should Roux-en-Y Gastric
Bypass (as it can induce malabsorption of immuno-
suppressive medication and blocks endoscopic access to
the biliary tree) leaving endoscopic sleeve gastrectomy as
an acceptable procedure [515]. In a series of 32 liver
transplant candidates with well compensated cirrhosis (a
third with MASLD alone) sleeve gastrectomy induced a
median weight loss of 31 kg at 1 year after the procedure,
with low morbidity, and allowed 88% of individuals to
proceed with liver transplantation [519].

In individuals with decompensated cirrhosis listed for
liver transplantation, combined liver transplantation and
sleeve gastrectomy can be completed successfully [520,
521]. The procedure is reserved for individuals who
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despite targeted medical weight-loss interventions do not
achieve a BMI <35-40 kg/m? at the time of liver trans-
plantation [522]. Complications specifically related to
laparoscopic sleeve gastrectomy are very rare and long-
term benefits have been reported with durable weight loss
(35-38%) [520, 521, 523] and fewer metabolic compli-
cations (IR, hypertension, T2D and metabolic syndrome
and less anti-hypertensive and lipid-lowering medica-
tion) [520, 521]. However, logistical requirements se-
verely limit feasibility in most transplant centres.

In adults who received liver transplantation due to
MASLD-related end-stage liver disease, can non-
pharmacologic or pharmacologic measures reduce the
risk of MASLD recurrence and improve long-term
outcomes compared with no intervention?

Statements

e In adults transplanted for MASLD-related end-stage
liver disease, there is a high risk of recurrence of
MASLD after liver transplantation, especially in adults
with several metabolic risk factors (LoE 3, strong
consensus).

e Adults transplanted for MASLD-related end-stage liver
disease are also at risk of cardiovascular events and
kidney disease which can negatively impact long-term
survival (LoE 2, strong consensus).

 No specific issues related to MASLD are known to alter
choice of medication or target values; the risk of re-
currence of severe, fibrotic steatohepatitis reinforces
the need to obtain optimal control of cardiometabolic
risk factors (LoE 5, strong consensus).

e The benefit of controlling weight and obesity-related
comorbidities on recurrence of MASLD post-liver
transplant and on progression to advanced fibrosis is
expected but needs to be demonstrated in dedicated
trials (LoE 5, strong consensus).

Recommendations

e In adults transplanted for MASLD-related end-stage
liver disease, therapeutic interventions to control
obesity and related cardiometabolic complications are
recommended (LoE 3, strong recommendation,
strong consensus).

o After liver transplantation, standard non-
pharmacological dietary and lifestyle interven-
tions should be universally implemented; phar-
macological management of hypertension, type 2
diabetes and lipid disorders should be implemented
according to general clinical guidelines (LoE 3,
strong recommendation, strong consensus).
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Box 1. Key research agenda in MASLD (selected topics).

General management, natural history, prevention and screening

cardiometabolic risk factors in different national healthcare contexts.

adolescents.

Use of non-invasive tests (NITs) in MASLD

MASLD.

of therapeutic trials.

MASLD.

Treatment for MASLD and comorbidities

to benefit from non-pharmacological interventions alone.

non-responders.

test; SLD, steatotic liver disease.

To develop widely implementable, efficient and cost-effective point of care diagnostics for case-finding; to define referral pathways for individuals with

To understand individual susceptibility and determinants of fibrosis progression, course of cirrhosis and HCC occurrence in individuals with MASLD.

To better describe the natural history of the MetALD segment of the SLD population and to develop reliable and quantitative biomarkers of alcohol
consumption; to examine the relationship between metabolic dysfunction and amount of alcohol consumed on the progression of liver injury.

To develop and implement national policies increasing awareness of SLD and prevention of MASLD in individuals of all ages including children and

To qualify the most performant biomarkers for different contexts of use (diagnostic, monitoring, prognostic and treatment response) in individuals with

To determine, in the context of pharmacological therapy, if improvement in histological surrogates translates into clinical benefit; if changes in NITs mirror
histological changes; and if future trials can use NITs as surrogates of treatment response.

To determine personalised, risk-based HCC surveillance strategies in both cirrhotic and non-cirrhotic MASLD and MetALD individuals.

To understand how Al-assisted diagnostics, including digital pathology, can improve risk stratification, determine treatment response and facilitate the conduct

To evaluate the application of Baveno VI criteria of clinically significant portal hypertension and the role of spleen stiffness measurement in individuals with

To improve on personalised lifestyle and dietary approaches for weight reduction, maintenance of weight loss and the identification of individuals most likely
To identify early predictors of non-response to pharmacological intervention and to define clear stopping rules for MASH-targeted pharmacotherapy in

To evaluate the impact of controlling metabolic comorbidities on the hepatic disease course in MASLD.

To determine weight loss-independent mechanisms of MASLD improvement for incretin-based, weight loss-based or glucose-lowering treatments.

To determine whether improvement in steatotic liver injury will have a beneficial effect on metabolic dysfunction and control of comorbidities in MASLD.
To prospectively assess the potential additive or synergistic effects of combining drugs intended to treat MASH and/or cardiometabolic comorbidities.

To develop effective pharmacological treatments for individuals with MASH-related cirrhosis.

MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, MASLD with moderate alcohol consumption; NIT, non-invasive

e GLPI receptor agonists may be considered to control
weight and obesity-related comorbidities, although
specific trials in transplant recipients are needed (LoE
5, weak recommendation, strong consensus).

Weight gain occurs rapidly after liver transplantation
(in the first 6 months), frequently leading to a high
prevalence of overweight and obesity (58% and 21%,
respectively, at 3 years) [524]. In addition, immuno-
suppressive medications may have a deleterious impact
on metabolic function [525]. Obesity after liver trans-
plantation is independently associated with a 2-fold
higher mortality risk [526]. Cardiovascular complica-
tions are the second most common cause of non-hepatic
mortality in liver transplant recipients [527], and those
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with T2D [528] and chronic kidney disease [529] are at
the highest risk for cardiovascular events.

In this setting, both recurrence of MASLD or de novo
MASLD after liver transplantation are common concerns.
Unfortunately, available retrospective studies have major
shortcomings, such as imprecise adjudication of pre-
transplant aetiologies of terminal liver disease, no data
on alcohol use post liver transplantation and no follow-up
protocol biopsies. In a multicentric retrospective study of
150 individuals specifically transplanted for MASLD-
related cirrhosis, 5-year recurrence rates for metabolic
syndrome, steatosis, steatohepatitis and advanced fibrosis
(stages 3 and 4) were 86%, 80%, 60% and 20%, respectively
[530]. The presence of >1 metabolic risk factor consid-
erably increased the risk of developing advanced fibrosis.

EASL/EASD/EASO
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Descriptive data on de novo MASH (i.e. steatohepatitis
occurring in liver transplant recipients transplanted for
diseases other than MASLD) is even more scarce and
conflicting [530, 531], with a blurry distinction from re-
current MASLD due to imprecise adjudication of MASLD
as a primary cause of transplant. While some studies
reported that de novo MASH may be less severe histo-
logically (advanced fibrosis, steatohepatitis) and less du-
rable than recurrent MASH [530], the largest study with
long follow-up documented advanced fibrosis/cirrhosis in
20% of cases 3 years after liver transplantation [532].
Besides the risk of fibrosis progression, individuals
transplanted for MASH-related cirrhosis are at increased
risk of cardiovascular events [501, 504], kidney disease
[533], and extrahepatic neoplasms [534].

Management of obesity and control of comorbidities
(arterial hypertension, T2D and dyslipidaemia in particular)
is critical for reducing cardiovascular risk and improving
long-term survival after liver transplantation. Optimal blood
pressure control is associated with a 42% relative reduction in
all-cause mortality and a 35% reduction in cardiovascular
events, stroke in particular [535]. Unfortunately, real-life data
show that a minority of transplanted individuals actually
achieve long-term optimal blood pressure control (defined
as <140/<90 mmHg): 29% at 5-years post-transplant and less
than 10% in those at high risk [535]. Statins, including high-
intensity statins (atorvastatin, rosuvastatin), can be used
pending careful titration and regular follow-up as they lack
significant drug-drug interactions with immunosuppressive
regimens [536]. GLP1RAs at dosages used for weight loss
have not been studied specifically in liver transplant recip-
ients. Data for dulaglutide in solid organ transplant recipients
with T2D has shown modest weight loss (-4 kg) and im-
proved glycaemic control [537]. There is no theoretical
concern about specific safety issues or efficacy of newer
GLP1RAs, although the possibility exists that nausea and
vomiting during dose escalation could alter the absorption of
immunosuppressive drugs. Finally, early steroid withdrawal,
immunosuppression minimisation and switching between
different classes of immunosuppressants are recommended
by international guidelines to decrease the metabolic com-
plications of immunosuppression [538].

Delayed sleeve gastrectomy following liver transplan-
tation (2-year median delay) has been reported in a small
series [539] without mortality or graft loss and with a body
weight loss of 20% with improvement in diabetes control
and lesser diabetes medication. Comorbid conditions may
resolve to the same extent as in non-transplanted indi-
viduals undergoing sleeve gastrectomy and no changes in
immunosuppressive regimens were necessary [540].
However, reported experience has been minimal so far and
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technical difficulties (due to adhesions) may limit surgical
feasibility. The advent of new anti-obesity drugs may
relegate bariatric surgery to a second-line therapy.

Future Directions

Despite the enormous advances in the field, many
important areas on the management of MASLD require
further evidence to refine our clinical practice. Some of
these areas, where further research is pressingly needed,
are listed in Box 1. As MetALD has become a formally
recognised entity, it is important to describe its natural
course and to revisit the safety limits of alcohol con-
sumption and whether these limits should differ by the
severity of liver disease and other clinical factors. The
best approach to detect and quantify alcohol con-
sumption should also be defined. For all individuals with
MASLD as well as for the general population, the choice
of non-invasive tests and settings of assessment may be
further optimised, particularly in the setting of general
population-based screening and/or specific subgroups
(e.g. T2D, individuals >65 years of age, ethnicity,
MetALD, individuals undergoing therapeutic inter-
ventions). The best target population and best tools for
HCC surveillance should be better defined, especially as
HCC development in MASLD individuals without cir-
rhosis is well recognised. Regarding treatment of
MASLD, the relevance of personalised lifestyle inter-
ventions for maintaining healthy behaviour and pre-
venting liver-related outcomes needs to be prospectively
validated. The efficacy of treating cardiometabolic co-
morbidities as well as the efficacy of MASH-targeting
therapies in individuals with MetALD needs to be thor-
oughly assessed, with a focus on liver-related outcomes (or
their respective surrogates). With the registration of re-
smetirom and potentially other agents in the future, it is
important to define non-response and stopping rules as
well as to ascertain their long-term metabolic (e.g. bone
density, endocrine functions), cardiovascular and onco-
logical (e.g. extrahepatic malignancy) safety. The potential
additive or synergistic effects of combining drugs intended
to treat MASH and/or cardiometabolic comorbidities
needs to be prospectively assessed. All pharmacological
agents receiving accelerated approval for the treatment of
MASH must demonstrate beneficial effects on clinical
outcomes (i.e. mortality, decompensation, liver trans-
plantation, HCC) in the extended period of phase III
clinical trials and real-world studies. In addition, it is
important to develop effective pharmacological treatments
for individuals with MASH-related cirrhosis.
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Appendix. Delphi round agreement on the recommendations of the present clinical practice guidelines

Recommendation/statement

Consensus

Definition, prevalence and natural course

The incidental finding of steatosis should prompt assessment of the potential aetiology of SLD, alongside tests for
the presence of advanced fibrosis, as this could determine the risk of liver-related and/or cardiovascular
outcomes and appropriate care (LoE 3, strong recommendation).

100%

MASLD, ALD and MetALD are the most common causes of SLD, but other causes such as drug-induced liver disease
and monogenic SLD should be considered, depending on the context (LoE 3, strong recommendation).

98%

General population-based screening for SLD is not advised (LoE 3, strong recommendation).

95%

While the presence of steatotic liver in the general population is not independently associated with liver-related
outcomes, the stage of liver fibrosis and persistently elevated liver enzymes are associated with liver-related
outcomes (LoE 3).

98%

Type 2 diabetes and obesity (particularly abdominal obesity) are the metabolic diseases with the strongest impact
on the natural history of MASLD, including progression to MASLD/MASH-advanced fibrosis, cirrhosis and
hepatocellular carcinoma (LoE 2).

98%

Males aged >50 years, postmenopausal women, and individuals with multiple cardiometabolic risk factors are at
increased risk of progressive fibrosis and the development of cirrhosis and its complications (LoE 2).

95%

Accumulating evidence shows that alcohol consumption and metabolic risk factors have modifying effects on the
onset and progression of chronic liver disease which are independent and can be synergistic (LoE 2).

96%

The presumed beneficial health effects of moderate alcohol consumption are inconsistent across studies and
emerging evidence does not support a protective effect of light to moderate amounts of alcohol, particularly in
individuals with cardiometabolic risk factors (LoE 3).

100%

The amount, pattern and history of alcohol intake should be documented in all individuals with SLD (LoE 3, strong
recommendation).

100%

Alcohol intake may be qualitatively and quantitatively assessed by validated instruments and/or specific biomarkers
in individuals with SLD (Table 5) (LoE 3, open recommendation).

97%

Individuals with SLD, particularly those with moderate or high alcohol intake, should be discouraged from
consuming alcohol (LoE 3, strong recommendation).

91%

All alcohol consumption should be stopped completely and permanently in individuals with advanced fibrosis or
cirrhosis (LoE 3, strong recommendation).

100%

Prevention

In the general population, non-pharmacological measures should be recommended to prevent the development of
MASLD and its complications, including hepatocellular carcinoma, and preventive measures should be reinforced
in high-risk groups (LoE 3, strong recommendation).

96%

Screening, case-finding, diagnosis and monitoring

Healthcare providers may consider case-finding strategies for MASLD with liver fibrosis in individuals with
cardiometabolic risk factors (Table 3), abnormal liver enzymes, and/or radiological signs of hepatic steatosis (LoE
3, weak recommendation).

91%

Healthcare providers should look for MASLD with liver fibrosis either in individuals with (A) type 2 diabetes or (B)
abdominal obesity and >1 additional metabolic risk factor(s) (Table 3) or (C) abnormal liver function tests (LoE 3,
strong recommendation).

89%

Early diagnosis of fibrosis and subsequent appropriate management can potentially prevent progression to
cirrhosis and its complications and may justify screening in these populations at risk (LoE 3).

95%

In adults with MASLD, non-invasive scores based on combinations of blood tests or combinations of blood tests
with imaging techniques measuring mechanical properties and/or hepatic fat content should be used for the
detection of fibrosis since their diagnostic accuracy is higher than standard liver enzyme testing (alanine [ALT]
and aspartate aminotransferase [AST]) (LoE 2, strong recommendation).

97%

In adults with MASLD, a multi-step approach is recommended (detailed in Figure 2 and below): First, an established
non-patented blood-based score such as FIB-4 should be performed. Thereafter, established imaging techniques
such as liver elastography are recommended as a second step to further clarify the fibrosis stage if fibrosis is still
suspected or in high-risk groups (LoE 2, strong recommendation).

100%

418 Obes Facts 2024;17:374-443 EASL/EASD/EASO
DOI: 10.1159/000539371


https://doi.org/10.1159/000539371

(continued)

Recommendation/statement

Consensus

Tests of specific collagen-related blood constituents (e.g. ELF) may serve as an alternative to imaging to identify
advanced liver fibrosis (LoE 2, open recommendation).

86%

Clinical care pathways may be adopted based on the sequential application of non-invasive scores and imaging
tests in adults with MASLD or at-risk individuals, recognising that most adults with MASLD are seen at non-
hepatology settings (LoE 2, weak recommendation).

98%

Blood biomarker-derived scores and elastography should be used to exclude advanced fibrosis, while elastography
is better suited to predict advanced fibrosis (LoE 2, strong recommendation).

92%

None of these non-invasive methods can assess relevant microscopic features of MASLD such as ballooning or 96%
lobular inflammation (LoE 2).

Some blood biomarker-based scores may help to identify individuals with MASH at risk of disease progression 89%
(LoE 3).

Blood biomarker-derived scores and elastography can help in risk stratification for clinical outcomes, as 100%

observational studies have identified thresholds related to liver-related outcomes and mortality (LoE 3).

In most cases, liver biopsy is not required for clinical management of individuals with MASLD; however, liver biopsy
is still required for the definite diagnosis of steatohepatitis and can help to rule out alternative causes of liver
disease (LoE 1).

100%

In adults with MASLD, sequential assessment with non-invasive tools may assist in ruling out fibrosis progression
(LoE 3, weak recommendation).

95%

In adults with MASLD, non-invasive tools can help predict the risk of overall and liver-related events and mortality
(LoE 2, weak recommendation).

97%

Clinicians in specialised centres may consider assessing the genetic risk profile (e.g. PNPLA3 p.1148M variant and/or
polygenic risk scores) for personalising risk stratification, but this concept should be evaluated in larger
prospective studies (LoE 3, open recommendation).

92%

Genetic risk variants can be evaluated in clinical studies for stratification of disease risk progression and sub-
phenotyping of MASLD (LoE 2, open recommendation).

98%

Clinicians can consider referring individuals with a strong family history of severe disease in first degree relatives or
early presentation with a severe phenotype, especially in the absence of metabolic triggers (and/or e.g. in
individuals with normal body weight), for the evaluation of coexisting, treatable, genetic causes of liver disease by
next-generation sequencing approaches (LoE 4, open recommendation).

90%

Clinicians should assess associated comorbidities (e.g., type 2 diabetes, dyslipidaemia, hypertension, kidney disease, 100%
sleep apnoea, polycystic ovary syndrome) and cardiovascular risk in adults with MASLD (LoE 2, strong
recommendation).

At initial diagnosis of MASLD and at regular follow-up intervals, laboratory tests and physical examinations for 100%
related comorbidities are recommended (Table 7) (LoE 2, strong recommendation).

Adults with MASLD should be encouraged to participate in extrahepatic cancer screening according to current 96%

guidelines, based on their exposure to obesity and type 2 diabetes as risk factors for extrahepatic malignancies
(LoE 3, strong recommendation).

Assessment of insulin resistance (e.g., using the homeostasis model assessment of insulin resistance [HOMA-IR] or
estimates derived from the oral glucose tolerance test) may be considered to clarify metabolic dysfunction in
adults with (suspected) MASLD and without an established diagnosis of type 2 diabetes (LoE 3, weak
recommendation).

92%

In adults with non-cirrhotic MASLD or MASH in the absence of severe fibrosis (i.e. those with fibrosis stage <F3)
assessed by non-invasive markers or liver biopsy, surveillance for early detection of hepatocellular carcinoma is
currently not recommended (LoE 3, weak recommendation).

86%

In adults with non-cirrhotic MASLD or MASH in the presence of severe fibrosis (F3) assessed by non-invasive markers
or liver biopsy, surveillance may be considered based on an individual risk assessment (LoE 4, weak
recommendation).

95%

EASL-EASD-EASO Guidelines on the Obes Facts 2024;17:374-443
Management of MASLD DOI: 10.1159/000539371

419


https://doi.org/10.1159/000539371

(continued)

Recommendation/statement Consensus

According to current guidelines, hepatocellular carcinoma monitoring programmes should be applied to 100%
individuals with MASLD-related cirrhosis (LOE 3, strong recommendation).

Risk stratification can help in optimising strategies for monitoring individuals at higher risk of hepatocellular 100%
carcinoma (Table 8) (LoE 4, weak recommendation).

As ultrasound-based surveillance has a low sensitivity for detection of hepatocellular carcinoma at an early-stage, 93%
particularly in adults with MASLD cirrhosis and obesity, alpha-fetoprotein (AFP) measurement can be combined
with ultrasound in individuals at high risk (LoE 3, open recommendation).

Cross-sectional imaging by MRI may be undertaken in selected adults at high risk with persistent poor visualisation 100%
at ultrasound, particularly in individuals with dysplastic or regenerative nodules (LoE 3, open recommendation).

Treatment of MASLD: General considerations

In adults with MASLD and advanced fibrosis or cirrhosis, regression of fibrosis has been associated with a reduced 95%
risk of liver-related outcomes (LoE 2).

Improvement in disease activity and resolution of steatohepatitis have been associated with regression of fibrosis 98%
(LoE 2).

Reduction of steatosis has been associated with histological improvements (particularly necro-inflammation) in  98%
some pharmacological intervention studies (LoE 2).

Since improved mortality has not been demonstrated for any of these treatment-induced histological changes, 95%
further long-term follow-up studies are needed to demonstrate that halting disease progression and/or
reduction of steatosis, resolution of steatohepatitis or regression of fibrosis translate into a reduced risk of clinical
outcomes (LoE 3).

Non-invasive tests have been linked with histologically assessed treatment response, but the most appropriate non- 100%
invasive test may depend on the type of intervention and patient-related factors (LoE 2).

Longitudinal changes in non-invasive test results have been correlated with changes in the risk of adverse 92%
outcomes on a cohort or population level (LoE 3).

In the setting of randomised controlled trials and depending on the mode of intervention, changes of non-invasive 98%
markers (e.g., MRI-PDFF relative reduction by >30%, ALT reduction by >17 U/L) have been associated with
resolution of steatohepatitis (LOE 2).

Liver biopsy is not suited for monitoring disease evolution or response to therapy in routine clinical practice due to 95%
its invasiveness and procedure-related limitations (LoE 5).

At the individual level, non-invasive tests may be repeatedly used to assess fibrosis progression in a tailored fashion 95%
but may provide limited information about treatment response (LoE 5, weak recommendation).

In individual cases and in clinical trials, liver biopsy can be used to monitor disease progression or response to 100%
treatment (LoE 1, open recommendation).

Given the multidirectional connections between MASLD and cardiometabolic comorbidities, a multidisciplinary  100%
approach is recommended to ensure all components are appropriately targeted to improve both liver-related
and extrahepatic outcomes (LoE 3, strong recommendation).

Treatment of MASLD: Non-pharmacological therapy

In adults with MASLD, dietary and behavioural therapy-induced weight loss should be recommended to improve 100%
liver injury, as assessed histologically or non-invasively (LoE 1, strong recommendation).

In adults with MASLD and overweight, dietary and behavioural therapy-induced weight loss should aim at a 100%
sustained reduction of >5% to reduce liver fat, 7-10% to improve liver inflammation, and >10% to improve
fibrosis (LoE 2, strong recommendation).

Further follow-up studies are needed to determine the long-term effectiveness of dietary and behavioural therapy- 100%

induced weight loss (including its magnitude) on clinical liver-related outcomes and liver-related mortality
(LoE 3).
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(continued)

Recommendation/statement

Consensus

In adults with MASLD, improving diet quality (similar to the Mediterranean dietary pattern), limiting the
consumption of ultra-processed food (rich in sugars and saturated fat) and avoiding sugar-sweetened beverages
should be recommended to improve histologically or non-invasively assessed liver injury (LoE 2, strong
recommendation).

95%

There is little evidence that improving diet quality beneficially impacts clinical liver-related outcomes (LoE 3).

93%

In adults with MASLD, physical activity and exercise should be recommended to reduce steatosis, tailored to the
individual’s preference and ability (preferably >150 min/week of moderate or 75 min/week of vigorous-intensity
physical activity) (LoE 1, strong recommendation).

97%

In comparison to the well-documented cardiometabolic benefits, there is less robust evidence for benefits of
physical activity and exercise on histological outcomes, non-invasively assessed liver damage/fibrosis and liver-
related clinical outcomes (LoE 5).

96%

In normal-weight adults with MASLD, diet and exercise interventions should be recommended to reduce liver fat
(LoE 3, strong recommendation).

100%

In normal-weight adults with MASLD there is currently no evidence regarding the beneficial effect of diet and/or
exercise on liver histology, fibrosis and liver-related clinical outcomes (LoE 5).

92%

In adults with MASLD, nutraceuticals cannot be recommended since there is insufficient evidence of their
effectiveness in reducing histologically/non-invasively assessed liver damage/fibrosis and liver-related outcomes
in MASLD, nor of their safety (LoE 2, open recommendation).

98%

In adults with MASLD, coffee consumption has been associated with improvements in liver damage and reduced
liver-related clinical outcomes in observational studies (LoE 4).

95%

Treatment of MASLD: Pharmacological therapy

If approved locally and dependent on the label, adults with non-cirrhotic MASH with significant liver fibrosis
(stage >2) should be considered for treatment with resmetirom as a MASH-targeted therapy, as this treatment
demonstrated histological efficacy on steatohepatitis and fibrosis in a large phase lll registrational trial with an
acceptable safety and tolerability profile (LoE 2, strong recommendation).

88%

Treatment with resmetirom, if approved locally, may be considered for individuals with MASLD who are non-
cirrhotic and with documentation of either: (A) advanced fibrosis; (B) at-risk steatohepatitis with significant
fibrosis (by liver biopsy, when available, or by non-invasive panels validated for that purpose); or (C) risk of
adverse liver-related outcomes (e.g., by elastography- or biomarker-defined thresholds) (LoE 3, open
recommendation).

89%

No MASH-targeted pharmacotherapy can currently be recommended for adults with MASH at the cirrhotic stage
(LoE 5, weak recommendation).

95%

Given the lack of robust demonstration of histological efficacy on steatohepatitis and liver fibrosis derived from 100%
large phase lll trials and potential long-term risks, vitamin E cannot be recommended as a MASH-targeted
therapy (LoE 2, weak recommendation).

For individuals with MASLD undergoing therapy with resmetirom, data on sustainability of histological benefits, 100%
individual prediction of response, liver-related outcomes and long-term safety are currently not available (LoE 5).

In the absence of a formal demonstration of histological improvement in large, well conducted, phase Ill trials, 98%
glucagon-like peptide 1 receptor agonists (GLPT1RA) cannot currently be recommended as MASH-targeted
therapies (LoE 5, strong recommendation).

GLP1RAs are safe to use in MASH (including compensated cirrhosis) and should be used for their respective 98%
indications, namely type 2 diabetes and obesity, as their use improves cardiometabolic outcomes (LoE 2, strong
recommendation).

Where available, pioglitazone is safe to use in adults with non-cirrhotic MASH but given the lack of robust 88%

demonstration of histological efficacy on steatohepatitis and liver fibrosis in large phase Il trials, pioglitazone
cannot be recommended as a MASH-targeted therapy (LoE 2, weak recommendation).
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(continued)

Recommendation/statement

Consensus

There is insufficient evidence to recommend the use of sodium-glucose cotransporter-2 (SGLT2) inhibitors or
metformin as MASH-targeted therapies; however, they are safe to use in MASLD and should be used for their
respective indications, namely type 2 diabetes, heart failure and chronic kidney disease (LoE 3, strong
recommendation).

100%

In case of substantial weight loss induced by GLP1RAs, a hepatic histological benefit could be expected, although
this has not been extensively documented so far (LoE 2).

98%

There is insufficient evidence to support using any other glucose-lowering drug class as MASH-targeted therapies
(LoE 5).

100%

Non-incretin-based weight-loss agents are not recommended as MASH-targeted therapies (LoE 5, strong
recommendation).

98%

Treatment of MASLD: Surgical and endoscopic therapy

In adults with non-cirrhotic MASLD who have an approved indication, bariatric surgery should be considered
because it can induce long-term beneficial effects on the liver and is associated with remission of type 2 diabetes
and improvement of cardiometabolic risk factors (LoE 3, strong recommendation).

98%

In adults with MASLD-related compensated advanced chronic liver disease/compensated cirrhosis who have an
approved indication, bariatric surgery can be considered but careful evaluation (indication, type of surgery,
presence of clinically significant portal hypertension) by a multidisciplinary team with experience in bariatric
surgery in this particular population is required (LoE 4, weak recommendation).

100%

Metabolic/bariatric endoscopic procedures require further validation as MASH-targeted therapy and cannot
currently be recommended (LoE 4, weak recommendation).

100%

End-stage liver disease and liver transplantation

In adults with MASH cirrhosis, it is recommended that dietary and lifestyle recommendations be adapted to the
severity of liver disease, nutritional status and the presence of sarcopenia/sarcopenic obesity (LoE 2, strong
recommendation).

100%

In adults with sarcopenia, sarcopenic obesity or decompensated cirrhosis, it is recommended that a high-protein
diet is provided, as well as a late-evening snack (LoE 2, strong recommendation).

93%

Moderate weight reduction can be suggested in adults with compensated cirrhosis and obesity, with an emphasis
on high protein intake and physical activity to maintain muscle mass and reduce the risk of sarcopenia (LoE 3,
weak recommendation).

100%

Metformin can be used in adults with compensated cirrhosis and preserved renal function but should not be used in
adults with decompensated cirrhosis, especially when there is concomitant renal impairment, because of the risk
of lactic acidosis (LoE 3, strong recommendation).

100%

Sulfonylureas should be avoided in adults with hepatic decompensation because of the risk of hypoglycaemia (LoE
4, weak recommendation).

98%

GLP1 receptor agonists can be used in adults with Child-Pugh class A cirrhosis, according to its indication (LoE 2,
weak recommendation).

98%

SGLT2 inhibitors can be used in adults with Child-Pugh class A and B cirrhosis (LoE 4, weak recommendation).

92%

Statins can be used in adults with chronic liver disease, including those with compensated cirrhosis; they should be
used in adults according to cardiovascular risk guidelines to reduce cardiovascular events (LoE 1, strong
recommendation).

98%

Liver stiffness measurement (LSM) by vibration-controlled transient elastography (VCTE) <15 kPa plus platelet
count =150 x 10°/L may be used to rule out clinically significant portal hypertension (CSPH) in adults with MASLD
(LoE 3, weak recommendation).

95%

If CSPH is present, non-selective beta-blockers may be started unless contraindicated (LoE 3, weak
recommendation).

97%
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(continued)

Recommendation/statement

Consensus

In adults with compensated advanced chronic liver disease but LSM =20 kPa and/or platelet count <150 x 10%/L, an
upper gastrointestinal endoscopy should be performed to screen for varices unless they already fulfil the criteria
to initiate non-selective beta-blockers (LoE 3, strong recommendation).

98%

The threshold of LSM >25 kPa to rule in CSPH is only applicable to non-obese (BMI <30 kg/m?) adults with MASLD;
while obesity can confound LSM, current evidence is insufficient to suggest the optimal non-invasive test to rule
in CSPH in adults with MASLD and obesity (LoE 3).

97%

Adults with MASLD are at increased risk for major cardiovascular events in the pre-, peri- and post-transplant phase
(LoE 2).

100%

Adults with MASLD who are candidates for liver transplantation should be evaluated by a multidisciplinary team for
cardiovascular and metabolic comorbidities to mitigate the risk of major cardiovascular events in the pre-, peri-
and post-transplant phase (LoE 3, strong recommendation).

100%

A comprehensive screening for comorbidities in adults with MASLD before liver transplantation (Table 11),
including a stepwise and risk-adjusted cardiac work-up algorithm (Fig. 5), may help to optimise management of
adults with MASLD before, during and after liver transplantation (LoE 5, weak recommendation).

100%

Adults with obesity and end-stage MASLD listed for liver transplantation should undergo therapeutic interventions
aimed at weight reduction without worsening sarcopenia as this will improve peri-operative outcomes (LoE 3,
strong recommendation).

98%

Implementation of dietary modification and supervised physical exercise should be the first line management 100%
approach with the objective of reducing BMI <40 kg/m? and ideally <35 kg/m? (LoE 1, strong
recommendation).

In adults with end-stage MASLD listed for liver transplantation, pharmacological weight-loss strategies may be 86%

considered after careful risk-benefit assessment (e.g. presence of sarcopenia, liver function impairment) (LoE 4,
weak recommendation).

In adults with compensated cirrhosis and without clinically significant portal hypertension, sleeve gastrectomy prior
to liver transplantation may be considered as an alternative option to dietary or pharmacological weight loss (LoE
3, open recommendation).

97%

In case of decompensated cirrhosis, bariatric surgery is contraindicated and needs to be discussed in the context of
considering liver transplantation (LoE 4, open recommendation).

100%

Weight loss and optimised treatment of comorbidities before transplantation may confer a benefit in terms of
cardiovascular morbidity, as well as long-term survival and reduced recurrence of severe MASLD after liver
transplantation (LoE 3).

100%

In adults transplanted for MASLD-related end-stage liver disease, there is a high risk of recurrence of MASLD after
liver transplantation, especially in adults with several metabolic risk factors (LoE 3).

100%

Adults transplanted for MASLD-related end-stage liver disease are also at risk of cardiovascular events and kidney
disease which can negatively impact long-term survival (LoE 2).

100%

No specific issues related to MASLD are known to alter choice of medication or target values; the risk of recurrence
of severe, fibrotic steatohepatitis reinforces the need to obtain optimal control of cardiometabolic risk factors
(LoE 5).

100%

The benefit of controlling weight and obesity-related comorbidities on recurrence of MASLD post-liver transplant
and on progression to advanced fibrosis is expected but needs to be demonstrated in dedicated trials (LoE 5).

100%

In adults transplanted for MASLD-related end-stage liver disease, therapeutic interventions to control obesity and
related cardiometabolic complications are recommended (LoE 3, strong recommendation).

100%

After liver transplantation, standard non-pharmacological dietary and lifestyle interventions should be universally
implemented; pharmacological management of hypertension, type 2 diabetes and lipid disorders should be
implemented according to general clinical guidelines (LoE 3, strong recommendation).

100%

GLP1 receptor agonists may be considered to control weight and obesity-related comorbidities, although specific
trials in transplant recipients are needed (LoE 5, weak recommendation).

100%
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