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Abstract

Sections

Steatotic liver disease (SLD) comprises metabolic dysfunction-associated
SLD, metabolic and alcohol-related liver disease, and alcohol-related
liver disease, conditions that frequently overlap rather than fall into
distinct categories. Cardiometabolic risk factors (CMRFs), including
obesity, type 2 diabetes, hypertension and dyslipidaemia, are highly
prevalent across SLD subtypes, with most patients exhibiting multiple
metabolic abnormalities. These risks interact synergistically with
alcohol exposure, accelerating fibrosis progression to cirrhosis and liver
mortality. Importantly, both alcohol consumption and metabolic risks
aredynamicand can fluctuate over time, leading to transitions across

the SLD spectrum that static diagnostic thresholds might not adequately
capture. Misclassificationis common, particularly due to under-reporting
of alcoholintake, underscoring the value of objective alcohol biomarkers
such as phosphatidylethanol. Accurate risk stratification, therefore,
requires anintegrated approach combining systematic alcohol screening,
structured evaluation of CMRFs and non-invasive fibrosis assessment.
Management must be multidisciplinary, combining alcohol reduction
strategies, optimization of metabolic control and liver-directed therapies.
However, most emerging pharmacotherapies for metabolic dysfunction-
associated steatohepatitis exclude individuals with concurrent alcohol
use, creating a gap between clinical trial populations and real-world
practice. Adynamic, spectrum-based framework incorporating repeated
reassessment of alcohol and metabolic risks offers the most pragmatic
path for diagnosis, treatment and equitable care delivery in SLD.
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Key points

o Steatotic liver disease (SLD) subtypes are not discrete conditions but
overlapping phenotypes, with alcohol intake and cardiometabolic risk
factors (CMRFs) synergistically influencing progression, complicating
diagnosis and altering therapeutic strategies over time.

o Most patients exhibit multiple CMRFs, including obesity, type 2
diabetes, hypertension and dyslipidaemia; these coexisting drivers
amplify fibrosis progression risk and cardiovascular mortality,
irrespective of SLD subtype classification.

o Alcohol intake fluctuates across the lifespan, driving transitions
between SLD subtypes; therefore, static diagnostic thresholds might
lead to misclassification, delayed interventions and underestimation
of true disease burden across populations.

o Accurate assessment requires combining structured self-reports
for alcohol use, standardized tools (such as AUDIT-C) and biomarkers,
such as phosphatidylethanol, alongside non-invasive fibrosis testing,
to reduce misclassification and improve patient risk stratification.

e Management demands optimizing multidisciplinary care:
hepatology, endocrinology, addiction medicine, nutrition, primary
care and cardiology must collaborate to address CMRFs, alcohol use
reduction, lifestyle change and fibrosis surveillance simultaneously.

e Emerging pharmacotherapies effectively target metabolic
dysfunction-associated steatohepatitis but exclude alcohol-using
populations; future trials must integrate SLD to align with the
real-world disease spectrum and ensure equitable access to effective
treatments.

Introduction

Hepatic steatosis was first described in 1836 and initially attributed to
poor diet, alcohol use and physical inactivity'?. Subsequent decades
established strong links between hepatic steatosis and obesity, insulin
resistance and type 2 diabetes (T2D)"* In 1980, the term non-alcoholic
steatohepatitis (NASH) was introduced to characterize steatohepatitis
occurringinthe absence of substantial alcohol consumptionbutin the
presence of metabolicrisk factors’. Histologically, NASH was defined
by hepatic steatosis accompanied by hepatocellular injury (ballooning)
and lobular inflammation®. During the 1990s, this concept expanded
into the broader umbrella of non-alcoholic fatty liver disease (NAFLD),
encompassing a histology-based spectrumranging fromisolated stea-
tosis to NASH, with variable risk of progression to advanced fibrosis,
cirrhosis and hepatocellular carcinoma**. Although this framework
distinguished NAFLD from alcohol-related liver disease (ALD), it cre-
atedrigid, exclusion-based categories that did not adequately capture
the interaction between alcohol exposure and metabolic risk factors
encountered in these patients seen in clinical practice.

Importantly, although fundamentally driven by metabolic dys-
function, the term NAFLD did not explicitly reflectits close association
with key metabolic abnormalities such as obesity, insulin resistance,
and T2D*®. To address this limitation, metabolic-associated fatty
liver disease (MAFLD) was initially proposed in 2020, emphasizing
metabolic dysfunction as the central defining feature, irrespective of

alcohol consumption’. However, the absence of clear alcohol thresh-
olds, removal of NASH as aregulatory end point for clinical trials and
retention of the potentially stigmatizing term ‘fatty’ limited its global
adoption®. Nonetheless, NAFLD and MAFLD demonstrated substantial
diagnostic concordance, with insulin resistance emerging as a prin-
cipal determinant of mortality in NAFLD, whereas alcohol exposure
contributed more prominently in MAFLD’.

In 2023, an international, multi-society consensus introduced
the overarching term steatotic liver disease (SLD), with subcat-
egoriesincluding metabolic dysfunction-associated steatotic liver
disease (MASLD), metabolic and alcohol-associated liver disease
(MetALD) and ALD™. MASLD and MetALD require the presence of
at least one cardiometabolic risk factor (CMRF) and are defined
by specific alcohol intake thresholds (women and men: <20 g and
<30 gper day for MASLD, respectively; 20-50 gand 30-60 g per day
for MetALD, respectively), whereas ALD is defined by alcohol con-
sumption exceeding 50 gand 60 g per day, respectively, regardless
of CMRFs™.

Despite the near-perfect concordance between MASLD and
NAFLD, which has enabled the robust body of evidence generated
under the NAFLD framework to be applied to MASLD, while also remov-
ing the potentially stigmatizing term ‘fatty’, some concerns remain.
Approximately 5% of individuals worldwide who meet the criteria
for NAFLD do not fulfil the diagnostic criteria for MASLD™"*, These
individuals are typically younger (34.20 versus 48.56 years) and lack
overt CMRFs. Additionally, there is concern that the subcategoriza-
tion within SLD could inadvertently reintroduce diagnostic silos™"%
Additionally, it has become increasingly clear that alcohol intake is
frequently under-reported and is dynamic rather than static, further
complicating accurate classification across the SLD spectrum. Stud-
iesincorporating objective biomarkers such as phosphatidylethanol
(PEth) suggest that 10-40% of individualsinitially classified as having
MASLD could be reclassified as having MetALD or ALD™", and ~98% of
individuals with ALD have at least one CMRF".

Collectively, these data support conceptualizing SLD asadynamic
disease spectrum rather than a set of fixed, mutually exclusive enti-
ties, which risk misclassification and delayed recognition of progres-
sive disease, resulting in fragmented care®'®, A spectrum-based
framework facilitates integrated, patient-centred care models,
population-level risk stratification, tailored referral pathways, and
shared decision-making across specialities, while mitigating stigma
and reducing inequities in care. The value of spectrum-based think-
ing over silo-based categorizationin SLD is summarized in Table1and
Supplementary Fig. 1.

Inthe following sections, we examine the bidirectional interplay
between CMRFs and alcohol consumptionin shaping the disease trajec-
tory. Wealso discuss diagnostic strategies and management paradigms
aligned with a spectrum-oriented approach to SLD.

Epidemiology
In 2023, a meta-analysis study estimated the global prevalence of
MASLD as 38%°. Although this study provided a comprehensive
evaluation of MASLD, it did not fully capture the broader spectrum of
SLD. Subsequent meta-analyses have expanded this epidemiological
framework, confirming MASLD prevalence, whereas estimating the
prevalence of MetALD at 4.4-10% and ALD at approximately 2.2%"*,
Supplementary Tables 1 and 2 summarize epidemiological data
acrossregions, populations and ethnic groups. Substantial heteroge-
neity exists, reflecting differences in study design (community-based
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Table 1| The value of spectrum-thinking over silo-thinking in SLD

Dimension

Silo-thinking (old model)

Spectrum-thinking (new model)

Classification approach

yi6r741179

Divides SLD into rigid categories (for example, MASLD versus ALD

Static, exclusion-based definitions could lead to risk of

misclassification, delayed diagnosis and fragmented care'®'®

Recognizes a continuum between MASLD, MetALD and
ALD

Reflection of clinical reality

Fails to capture dynamic interactions between metabolic dysfunction
and alcohol use

Embraces dynamic interplay and transitions as patients
modify alcohol intake and CMRFs

Risk of misclassification

Patients at high risk often fall between categories, leading to
underdiagnosis or misdiagnosis

Lower flexible framework accommodates real-world
variability and patient transitions'"®

Effect on care delivery

Causes fragmented care, delayed interventions and impaired

Supports the development of integrated, patient-centred care

continuity of care

models that can adapt to changing clinical presentations®;
facilitates the implementation of population-based screening
programmes, tailored referral algorithms and shared clinical
decision-making across disciplines?

Clinical trials and research
specialities

Obstructs enrolment and fragments treatment strategies across

Facilitates unified treatment algorithms

Equity and access
gaps in hepatology access and referral pathways

Exacerbates inequities, especially in resource-limited settings with

Improves equity by supporting efficient resource allocation
and inclusive care pathways

Cultural and social contexts

Struggles with cultural sensitivities (for example, under-reported
alcohol consumption in some regions or populations)

Reduces stigma by focusing on shared pathophysiology
and overall disease burden rather than causative factors

Health systems perspective
and siloed models

Anchored to outdated nomenclature, insufficient diagnostic tools

Provides a realistic, pragmatic foundation for healthcare
systems, enhancing efficiency and inclusivity in access to
diagnostics and therapeutics

ALD, alcohol-associated liver disease; CMRF, cardiometabolic risk factor; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic dysfunction-associated and

alcohol-associated liver disease; SLD, steatotic liver disease.

versus tertiary cohorts), alcohol exposure assessment, diagnostic
modalities for steatosis (for example, fatty liver index, ultrasonog-
raphy or controlled attenuation parameter), and varying thresholds
for fibrosis assessment. For example, in the USA (2017-2020), the
prevalence of SLD was 37%, with MASLD accounting for 32%, MetALD
2.2% and ALD 1.3%*. Among those with advanced disease, analysis of
National Health and Nutrition Examination Survey (NHANES) data
using aetiology-specific liver stiffness measurement (LSM) thresholds
by vibration-controlled transient elastography (VCTE) showed cirrho-
sis prevalence of 9.6% in those with ALD, 5.5% in those with MetALD and
3.8% in those with MASLD?*. Similarly, in a Danish community-based
cohort (n=3,123) enriched for cardiometabolic or alcohol-related
risk, 70% of the participants had SLD; LSM >8 kPa was most frequent
inthose with ALD (25%), but the rates were similar in those with MASLD
or MetALD (-12%)%.

In certain populations, the prevalence of MASLD is substantially
increased. For example, amongindividuals with overweight or obesity
in community settings in the USA, SLD prevalence reached 75%, with
prevalence rates of 67.3% for MASLD, 4.8% for MetALD and 2.6% for
ALD. In this cohort, advanced fibrosis and cirrhosis were observed in
10.8% and 4.5%, respectively, without marked differences across SLD
subtypes®.Ina prospective US cohort of people living with HIV infec-
tion (n=1,065), MASLD prevalence was similar to that in the general
population (39% versus 42%), whereas MetALD (10% versus 4%) and ALD
(3% versus 1%) were more prevalent”, underscoring the importance of
comorbid risk profiles.

Another meta-analysis of 44 studies found a pooled global
SLD prevalence of 37.5%, with MASLD accounting for 33.6%, Met-
ALD 4.1% and ALD 2.2%*, but there was substantial regional varia-
tion. The Americas had the highest MASLD prevalence (51.1%),
whereas Europe and the Western Pacific had lower rates (34% and
30%, respectively). Conversely, Europe had the highest prevalence of

MetALD (8.6%) and ALD (3.2%), whereas the Americas had the lowest
(2.7% and 1.5%)*.

In Latin America, the observed inter-country variability has
been attributed to ethnic diversity, genetic background and socio-
economic inequities. Data from the Global Burden of Disease 2019
database indicate that Mexico, Guatemala and Ecuador have the
highest age-standardized ALD rates, whereas Ecuador, Honduras and
Guatemala have the highest MASLD rates®.

Although data from the African region remain limited, one study
suggested thatin Northern Africa, MASLD prevalence is 29%in Sudan
but 45% in Egypt, increasing to 76% among individuals with T2D*.
In sub-Saharan Africa, MASLD prevalence was estimated at 13.5%,
ranging from 9% in Nigeria to 20% in South Sudan®'. ALD burden in
these regions remains under-characterized, highlighting critical
datagaps.

Racial and ethnic disparities are mostly evidentin the USA.In the
USA, MASLD prevalence is highest among Mexican American (44%)
and Hispanic American or Latino (33%) individuals, whereas white
Americans of European descent demonstrate the highest rates of
MetALD (3%) and ALD (2%). Asian American populations (patients with
ancestry from any country in East Asia, Southeast Asia or the Indian
subcontinent, including Cambodia, China, Bangladesh, India, Japan,
Korea, Pakistan, Thailand, Vietnam and others) show the lowest overall
prevalence of MASLD as compared with white Americans of European
descent and Hispanic Americans™.

Sex-based differences are also consistent. Data from the USA
shows that MASLD, MetALD and ALD are more prevalent in men
(18.5%, 3.2% and 1.7%, respectively) than in women (10.3%, 1.2% and
0.3%, respectively)*>*. However, women are more susceptible to ALD
injury and are approximately twice as likely to develop severe ALD and
show progression to cirrhosis at lower alcohol exposure and shorter
durationsthan men, potentially owing to differencesin gastric alcohol
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dehydrogenase activity, body composition and hormonal factors®*,
Indeed, women with MetALD have an 83% higher risk of all-cause mor-
tality and nearly a fourfold higher risk of ALD-related mortality than
men, with the excess risk largely driven by alcohol exposure rather
than metabolic factors*>*, Notably, most epidemiological studies
rely onself-reported alcoholintake, which underestimates consump-
tion. US population-based analyses suggest that after adjusting for
under-reporting of alcohol consumption, the actual prevalence of ALD
and MetALD mightbe two or three times the reported prevalence®. In
fact, astudy of the US general population indicated that after correc-
tion for alcohol under-reporting, the prevalence of ALD and MetALD
doubled while that of MASLD decreased™. These findings indicate that
the true burden of ALD within the SLD spectrumis probably underesti-
mated, underscoring the need for objective biomarkers and improved
alcohol exposure assessment in future epidemiological studies®. These
concepts are discussed in more detail in their respective sections.

Special populations

Older adults

Inolder adults, MASLD remains common but declines withadvancing
age, fromapproximately 33% in community cohorts to 21% among indi-
viduals aged >85 years, with a higher prevalence in men. Risk factors
include hypertension, T2D, obesity and frailty, whereas higher educa-
tion and socioeconomic status seem protective®. Among older indi-
viduals, longitudinal studies suggest” an incidence of approximately
two cases per 100 person-years, with advanced fibrosis occurring at
similar rates, particularly in those with overweight or obesity. Although
MASLD in older adults is not consistently associated with increased
mortality, it has been linked to major adverse cardiovascular eventsin
partially adjusted models and to anotable increased risk of persistent
physical disability, emphasizing its effect on healthy ageing™.

Inthe ASPREE cohort (Australia; n = 9,847; age 270 years; median
follow-up 8.6 years), hepatic steatosis was present in 38%>%. Most par-
ticipants met the criteria for MAFLD (38%) or MASLD (35%), whereas
7.6% were classified as having MetALD and 2% as having ALD*®. Neither
MAFLD nor MASLD nor other SLD subtypes were independently associ-
ated withincreased mortality after full adjustment. However, MAFLD,
MASLD and ALD were each associated with persistent physical dis-
ability, suggesting that in older populations, metabolic-predominant
SLD might contribute more to functional decline than to mortality’s.

Children and adolescents

Globally, 7-14% of children and adolescents are estimated to have
MASLD, with obesity as the principal driver, compounded by physical
inactivity and a poor quality diet**°. By 2030, approximately one-third
of adolescents in high-income countries, Latin America and the Mid-
dle East are projected to have overweight or obesity, with the fastest
increases occurringinlow-income and middle-income countries, par-
ticularly in the African and Asian regions*. Given the rapid rise in BMI
during adolescence, MASLD and metabolic dysfunction-associated
steatohepatitis (MASH) prevalence rates are expected to increase
globally*.

In children, genetic susceptibility also contributes to disease
severity. Variants in PNPLA3, TM6SF2, MBOAT7, GCKR and MTARC1
have been associated with histological severity of MASLD in children,
whereas HSD17B13 seems protective*. This genetic susceptibility helps
to explainthe variationin MASLD prevalence among children of differ-
entethnicitiesand ancestries. For example, individuals of Indigenous
Mexican or Central American ancestry who have a higher prevalence of

MASLD might have a different genetic and metabolic predisposition to
MASLD compared with those of predominantly European ancestry*.

Notably, alcohol use during adolescence increases the risk of
alcohol use disorder (AUD) and later progression to advanced liver
disease®. The prevalence and natural history of MetALD and ALD in
adolescents remain poorly defined but are likely to become increas-
ingly relevant as access to sugar-sweetened alcoholic beverages
expands (discussed below). Focused epidemiological and longitudinal
studiesin this population are urgently needed.

Cardiometabolic risk factors across the SLD
spectrum

Within the SLD framework, CMRFs are defined on the basis of their
established association with insulin resistance'® and long-standing
validation in cardiovascular risk stratification**. CMRFs include T2D,
prediabetes orinsulinresistance, arterial hypertension, dyslipidaemia
and overweight or obesity.

Across the SLD spectrum, multimorbidity is the rule rather than
the exception. Most individuals exhibit multiple CMRFs withamedian
of approximately three risk factors per patient, including ALD, for
whichonly ~2.6% of persons do not have a CMRF?*24#8 (Supplemen-
tary Table 3). Additionally, the distribution of individual CMRFs also
varies across subtypes of SLD. Low HDL cholesterol is particularly
common in MASLD, whereas hypertriglyceridaemia is more preva-
lent in MetALD and ALD; overweight, T2D and hypertension occur
at comparable frequencies across all SLD subtypes (Supplementary
Table 3). These patterns highlight that alcohol consumption seldom
occursinisolation from metabolic dysfunction and that overall CMRF
burdenis part of disease progression and outcomes across the entire
SLD spectrum.

Furthermore, not all CMRFs carry equal prognostic weight. For
example, T2D and abdominal obesity are more powerful predictors
of insulin resistance and fibrosis progression than BMI alone* . In
MASLD, T2Dis the strongest clinical predictor of liver disease progres-
sion, cardiovascular events and all-cause mortality*>**. Hypertension
hasalso emerged asanindependent determinant of adverse outcomes,
with longitudinal data demonstrating a ~1.3-fold increased risk of
all-cause mortality, and cardiovascular and liver-related events, as well
asgreater progression of liver stiffness and lower regression likelihood
over time when assessed by VCTE>.

Importantly, adose-response relationship exists between CMRF
burdenand adverse outcomes. The risk of advanced fibrosis and mor-
tality increases incrementally with the number of CMRFs present®".In
NHANES analyses, individuals with increased alcohol intake and three
or more CMRFs had a more than twofold higher risk of advanced fibro-
sis, with T2D and waist circumference emerging as the most influential
determinants®**. Evenin the absence of substantial alcohol exposure,
the coexistence of T2D and obesity accelerates fibrosis progression
and amplifies extrahepatic complications in individuals with hepatic
steatosis®®*.

Beyond traditional CMRFs, adverse muscle phenotypes, includ-
ing sarcopenia, sarcopenic obesity and myosteatosis, are increas-
ingly recognized as integral components of the SLD risk profile®®-2.,
Sarcopenia, the most clinically relevant muscle complication seen
in patients with chronic liver disease is consistently associated with
increased mortality in those with cirrhosis and MASLD° %% In fact,
low skeletal muscle mass and myosteatosis exert additive effects on
the risk of clinically significant hepatic fibrosis (stage F2 or higher)®?,
whereas the coexistence of sarcopenia and myosteatosis predicts
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Shared hepatic injury pathways

Fig.1|Shared hepaticinjury pathways between
metabolic and alcohol factors converging on
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increased hospitalization and liver decompensation among individu-
als with cirrhosis®*. In alcohol-associated cirrhosis, skeletal muscle
loss progresses more rapidly than in other aetiologies®. Patients
with alcohol-associated hepatitis and sarcopenia experience more
severe disease, longer hospitalizations and higher rates of multior-
gan dysfunction compared with those without sarcopenia®. These
observations further support a systems-based view of SLD, in which
hepatic steatosis, cardiometabolic dysfunction and adverse muscle
phenotypesinteract to determine the clinical trajectory.

Pathophysiology of SLD: pathways of metabolic
and alcohol driven trajectories

Thenatural histories of MASLD, MetALD and ALD follow ashared con-
tinuum from simple steatosis to steatohepatitis, progressive fibrosis,
cirrhosis and hepatocellular carcinoma. Despite differing dominant
aetiological drivers, metabolic dysfunction and alcohol exposure
converge on common pathogenic nodes: hepatocellular lipid over-
load, lipotoxicity and maladaptive stress responses that promote
inflammation and fibrogenesis® ¢ (Fig. 1).

A central step in the transition from steatosis to steatohepatitis
is the induction of mitochondrial and endoplasmic reticulum stress,
leading to excessive production of reactive oxygen species and release
of pro-inflammatory cytokines, including TNF and IL-6 (refs. 69-71).
These signals activate Kupffer cells and recruit circulating monocytes,
sustaining inflammation and initiating hepatic stellate cell activation,
the principal driver of fibrogenesis’.

Asnoted previously, genetic susceptibility hasarolein the devel-
opment of MASLD. Variants in genes involved in lipid metabolism,
notably PNPLA3, TM6SF2, MBOAT7 and HSD17B13, modify the risk of
advanced fibrosis and cirrhosis across MASLD, MetALD and ALD in
individuals with comparable metabolic or alcohol exposures’>”®, These
shared genetic determinants reinforce the concept of overlapping
biological pathways rather than discrete disease entities.

In MASLD-predominant disease, obesity and T2D are primary driv-
ersof progressive liver disease. Excess calorieintake and adipose tissue
expansion increase free fatty acid flux to the liver, increasing hepatic
load. Insulin resistance enhances adipose lipolysis, reduces peripheral

glucose disposal and stimulates hepatic de novo lipogenesis®’. Initially,
hepatocytes buffer excess lipid by storing triglycerides. However,
persistent metabolic overload leads to incomplete fatty acid oxida-
tion, mitochondrial dysfunction and oxidative stress, culminating in
hepatocyte injury, inflammatory activation and fibrogenesis®.

Inalcohol-predominantdisease, ethanol metabolismincreases the
hepatic NADH-to-NAD" ratio, inhibiting mitochondrial B-oxidation and
promoting de novo lipogenesis, thereby enhancing lipid accumulation
and oxidative stress”*”. Alcohol and its metabolites also impair VLDL
secretion, further exacerbating steatosis”. Conversion of ethanol to
acetaldehyde results in the formation of protein and DNA adducts,
inducing direct hepatocellular stress and apoptosis independent of
lipidaccumulation”. Finally, alcohol also exerts direct mitochondrial
toxicity, reducing membrane potential and impairing ATP synthesis,
thereby amplifying cellular injury and inflammatory signalling”.

Disruption of the gut-liver axis is ashared feature of both MASLD
and ALD”, although it might be more pronounced in alcohol-driven
disease’®. Alcohol-induced alterations in gut microbiota and intes-
tinal permeability facilitate translocation of pathogen-associated
molecular patterns, activating TLR4 signalling in Kupffer cells and
hepatocytes and amplifying hepatic inflammation”. Lipid peroxida-
tion products and acetaldehyde adducts generate damage-associated
molecular patterns, further potentiating innate immune responses
and fibrogenesis”.

Although metabolic and alcohol-specific pathways canindepen-
dently drive distinct patterns of liver injury, they frequently coexistin
clinical practice and ofteninteract synergistically, amplifying hepatic
inflammation, accelerating fibrosis progression and increasing overall
disease burden. In fact, pure MASLD and pure ALD are generally rare,
with most patients with SLD exhibiting some degree of metabolic
abnormality and a history of alcohol exposure®. In individuals with
MetALD and ALD, metabolic dysfunction and alcohol-related mecha-
nisms commonly operatein parallel. However, the relative contribution
of these pathways differs across the spectrum, with alcohol-mediated
mitochondrial toxicity and direct hepatocellular injury havingamore
dominant pathogenic rolein ALD thanin MetALD, in which metabolic
drivers remain central but are compounded by concurrent alcohol
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exposure™ ™, In a study of SLD, presence of binge drinking with T2D
or hypertension carried the highest risk for premature mortality®.

Clinical implications
In clinical practice, separation of metabolic and alcohol-driven path-
ways is rarely absolute because many individuals with metabolically
drivenliver disease also consume alcohol, whereas most patients with
ALD have underlying cardiometabolic dysfunction. Consequently,
human pathophysiological models can be partially confounded by
overlapping exposures, limiting strict mechanistic separation.
Nevertheless, higher levels of alcohol consumption, particu-
larly in the presence of metabolic dysfunction, are associated with
increased risks of advanced fibrosis, cirrhosis, hepatocellular car-
cinoma, cardiovascular disease (CVD), chronic kidney disease and
all-cause mortality*****®!, Cross-sectional data from Spain and the
USA demonstrate a dose-dependent increase in significant hepatic
fibrosis (stage 2 or higher) and at-risk MASH, both associated with
alcohol intake and CMRF burden. Even modest alcohol consumption
(approximately 20-30 g per dayinwomen and 20-40 g per day inmen)
might confer arisk profile comparable to that of MetALD®*2, Consump-
tion of larger quantities of alcohol, particularly binge drinking, have
been associated with substantially worse outcomes, with the greatest
risk observed in individuals with T2D who engage in binge drinking®.
However, across SLD subtypes, liver-related mortality is higherin ALD
and MetALD thanin MASLD, whereas cardiovascular mortality seems
broadly comparable®**, Notably, patterns of extrahepatic risk differ
across the spectrumas stroke risk seems more pronounced in MetALD
and ALD than MASLD, likely reflecting alcohol-mediated vascular
effects, whereas coronary heart disease risk is more prominent in
MASLD, consistent with its strong cardiometabolic underpinnings® .
Although SLD-specificinterventional dataremainlimited, reduced
alcohol intake is associated with improvements in blood pressure®,

lipid profiles® and caloric balance, potentially facilitating weight
loss®**>. The magnitude of benefit varies according to baseline cardio-
metabolic risk. As such, the spectrum-based nature of SLD is particu-
larly evident in longitudinal transitions as alcohol consumption and
CMRFs are managed. Individuals with a history of heavy alcohol use
who substantially reduce alcohol consumption could no longer exhibit
hepatic steatosis and, therefore, might not meet SLD criteria unless
metabolic dysfunction persists***?’. Conversely, younger individu-
als with relatively short durations of heavy alcohol exposure might
develop steatosis’®.

Recognizing thatalcohol consumptionis adynamicbehaviour that
varies across thelife course s vitally important. Typically, alcohol con-
sumptionincreases duringadolescence, peaksin early adulthood and
declines with age®”'°°, For individuals with SLD, drinking patterns might
also fluctuatein response to life events, medical counselling or cycles
of relapse and recovery, necessitating continuous reassessment'* %,
In fact, a 2025 longitudinal study of 1,042 individuals at risk of ALD
quantified the change in SLD classifications based on the change in
alcohol consumption. Inthis study, SLD classification changedin 38% of
participants over the 2 years, with the most frequent changes occurring
among those with MetALD and ALD'* (Fig. 2).

An additional subgroup comprises individuals with prior exces-
sive alcohol intake who are currently abstinent but have established
fibrosis (=F2) or cirrhosis in the absence of hepatic steatosis. Under
the current nomenclature, these individuals are classified as having
ALD without CMRFs, as their liver injury reflects prior alcohol exposure
rather than ongoing metabolic dysfunction'®. Their clinical phenotype
mightalsoreflect physiological changes of advanced disease, including
weightloss,impaired hepatic functionand haemodynamic alterations.
Prognosis improves substantially with sustained abstinence; how-
ever, relapse remains common and represents a major determinant
of long-term outcomes*”**”’,
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Collectively, these mechanistic and clinical observations rein-
forcethe concept of SLD as adynamic and biologically interconnected
spectrum, in which metabolic dysfunction and alcohol exposure
interact to determine trajectory, complications and response tointer-
vention. In this context, rigorous assessment of alcohol exposure,
preferably incorporating alcohol intake questionnaire (AUDIT-C)
and objective biomarkers, together with detailed characterization
of drinking patterns and the longitudinal trajectory of an individ-
ual’s metabolic profile, enables a more accurate estimation of the
cumulative hepaticinjury attributable to both alcohol and metabolic
dysfunction (Fig. 3).

Alcohol intake classifications and considerations
Hazardous drinking encompasses binge, heavy and high-intensity
drinking. Binge drinkingis defined as four or more drinks (women) or
five or more drinks (men) within -2 h at least once in the past 30 days.
Heavy use corresponds to binge drinking on >5 daysina30-day period,
whereas high-intensity drinking refers to consumption of ten or more
drinks onasingle occasionwithin the prior 2 weeks. Even intermittent
binge drinking promotes steatosis and necroinflammation, might
precipitate acute alcohol-associated hepatitis, and synergizes with
obesity and other CMRFs to accelerate fibrosis and cirrhosis*’. As noted
previously, in patients with SLD, binge drinking in the presence of T2D
carries the highest risk for premature mortality®.

Therefore, continuous and accurate identification of hazard-
ous drinking (amount, frequency, duration and pattern of alcohol
consumption) and AUD is essential for appropriate classification,
counselling, management and eligibility for emerging MASH-directed
therapies'®®.

Alcohol and adolescents

Alcohol use during adolescence remains a major global public health
concern, with implications for neurodevelopment, physical health
and future liver disease risk'”. Initiation before age 15 years is associ-
ated withamarkedly increased likelihood of alcohol dependence and
severe liver disease in adulthood®®. The Second Lancet Commission
onadolescent healthand wellbeing and the European Association for
the Study of the Liver (EASL)-Lancet Commission identified heavy

alcohol use among adolescents as an escalating global problem*-'%,

Globally, 8.6% of adolescent girls and 11.4% of adolescent boys aged
15-19 years report binge drinking (>60 g of pure alcohol on at least
oneoccasionin the past month)*. According to the WHO 2021-2022
Health Behaviour Survey across Europe, Central Asia and Canada,
57% of 15-year-olds have tried alcohol, and 37% report use in the past
30days, withahigher prevalence amonggirls'*’, Approximately 10% of
adolescentsreport having been drunk at least twice in their lifetime;
rates rise sharply from 5% at age 13 years to 20% by age 15 years'?’. Data
also suggest increasing alcohol use among older girls, with declin-
ing prevalence among 15-year-old boys. Consumption is also more
common among adolescents from households of higher affluence'*’.
Therise in the use of alcopops (sugar-sweetened alcoholic bever-
ages) among the youth is another concern, especially given the ris-
ing prevalence of obesity and metabolic dysfunction (Box 1). Early
alcohol exposure can compound lifetime SLD risk. Longitudinal
studies examining the evolution of MetALD and ALD in adolescents
are urgently needed.

Alcohol and obesity

The parallel rise in obesity and high alcohol consumption has led to
anincreasing co-occurrence of these risk factors, warranting greater
clinical and research attention. International guidelines recognize
overweight and obesity asimportant modifiers of ALD risk. Statements
from professional societiesinvolvedin liver health from Latin America,
France and Spain consistently report that heavy alcohol use combined
with overweight or obesity, particularly BMI1 =30 kg/m?, synergistically
accelerates liver disease progression", Accordingly, decreased
thresholds for hazardous drinking have been proposed for individuals
with obesity (>20 g per day for men and >10 g per day for women already
considered to be hazardous)™.

Weight gain after alcohol cessation is well recognized™. Pro-
posed mechanisms include ‘addiction transfer’ whereby cravings
shift towards non-nutritive eating, leading to weight gain. In the long
term, there is a larger propensity to develop a behavioural addiction
to food (food addiction)". Structured nutritional counselling and
behavioural education are thereforeimportant during recovery from
alcohol dependence.

MetALD
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Non-cirrhotic outcomes Fibrosis

Fig.3|Disease progression across the metabolic
dysfunction-associated steatoticliver disease-
metabolic and alcohol-associated liver disease—
alcohol-associated liver disease spectrum.
Non-cirrhotic outcomes are driven by cardiovascular
disease and extrahepatic cancer. Fibrosis severity
determines liver-related outcomes, and liver
outcomes worsen progressively. Disease can
improve with decreased alcohol consumption or
worsen with increased consumption, with overall
mortality increasing along the continuum. ALD,
alcohol-associated liver disease; MASLD, metabolic
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Worsened alcohol-related
disease outcomes

Disease progression as alcohol consumption increases

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

« Disease outcomes can improve or worsen with changes in alcohol consumption
« Overall mortality increases along the MASLD-MetALD-ALD continuum

Disease regression as alcohol consumption decreases
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Box 1| Flavoured sugar-sweetened alcoholic beverages: combined effects

Flavoured alcoholic beverages are increasingly popular

among underage (younger than the minimum age to legally
consume alcohol) youth (13-20 years old), posing public health
concerns?>?%,

e A European survey (1999-2019, 24 countries) found rising
preference for cider and/or alcopops, linked to increased alcohol
consumption and heavy drinking®“.

These ready-to-drink beverages combine alcohol with high
sugar and fruity flavours, which mask alcohol strength and
encourage rapid consumption, increasing the risk of acute alcohol
poisoning?>?'®,

Alcopops are marketed as malt-based beverages, spirits-based
premixed cocktails or supersized products, with varying serving
sizes and alcohol concentrations (approximately 7.8% for malt-
based, 14.2% for premixed cocktails and 10.8% for supersized
VariantS)ZWZ,ZWS,ZW.

Cultural, commercial and social drivers of alcohol
consumption and unhealthy diets

Socioeconomic disparities also substantially influence the prevalence
and outcomes of SLD. Many times, the behavioural risk factors of smok-
ing, poor nutrition, unhealthy alcohol use and physical inactivity cluster
together in more economically disadvantaged areas, where, when
combined with stress, they synergistically worsen liver injury™. In the
US, unfavourable social determinants, particularly food insecurity, are
more prevalentamong individuals with predominant MetALD or ALD
than among those with MASLD™®.

Dietary risk is likewise shaped by social and commercial drivers,
including food insecurity and the widespread availability of ultrap-
rocessed, high-fat, high-sugar and high-salt products™*"*. From a meta-
bolic perspective, fructose exposure, particularly from sweetened
beverages, promotes hepatic de novo lipogenesis, dyslipidaemia and
insulinresistance"*'*°, Observational data further link sugar-sweetened
beverages'” and fructose-containing foods with increased MASLD

prevalence'?.

Strategies of care for individuals with SLD

Lifestyle

Boththe American Association for the Study of Liver Diseases and EASL
guidelines emphasize comprehensive lifestyle interventions addressing
alcohol use, obesity, metabolic syndrome, insulin resistance, malnu-
trition and smoking"*'*"?_ In this context, a healthy lifestyle consists
of a healthy diet, physical activity and abstaining from alcohol con-
sumption, recommendations similar to those for cardiovascular health.
Specifically, a healthy diet is one based on a Mediterranean-style or
plant-based diet, with agoal of >3% weight loss for those with steatosis
(=5-7% for people with obesity) and 10% for those with fibrosis'*®. Also,
avoiding ultraprocessed foods and sugar-sweetened beverages should
be encouraged'”.Recommendations for physical activity are to engage
in =150 min a week of moderate intensity exercise (an exertion level
where theindividual cantalk but not sing) or =75 min of vigorous exer-
cise (anexertionlevel where theindividual is unable to talk or sing)*" >,
Importantly, for those with SLD who are receiving GLP1 agonist treat-
ment for T2D or weight management, special attention must be given
to increasing protein intake and engaging in muscle-strengthening

e A US study in underage youth (n=1,031; ages 13-20 years) found
that exclusive alcopop use increased the risk of episodic heavy
drinking fourfold and alcohol-related injuries sixfold®™.

e Asurvey in US undergraduates (n=1,019) found that among those
consuming more than one can of supersized alcopops, 36%
reported blackout episodes and 21% reported vomiting®®.

o The 2023 Monitoring the Future survey found that 66% of
underage drinkers had consumed an alcopop in the previous
month?®.

o Public health strategies such as alcopop taxes, reducing alcohol
content and raising the minimum age at which alcohol can be
legally consumed to 18 years could be effective®™.

o Alcohol retail changes (entry of soft drink or third-party delivery
companies, weaker public health laws) call for regulatory reform
across product, promotion, place and price to protect youth®”.

exercises'”*2_ For example, protein intake during the weight loss phase
shouldbel.2-1.5 g per kilogrambody weight per day or 25-30% of daily
energy intake, whereas protein intake during the maintenance phase
should be >0.8 g per kilogram body weight per day or higher for people
with sarcopenia or sarcopenic obesity, in those >60 years of age or those
engagingin ahighlevel of physical activity, reaching>1.0-1.2 g of pro-
tein per kilogram body weight per day. Alternatively, a practical protein
target of 80-120 g per day, equivalent to approximately 16-24% of total
energy intake on a diet including 2,000 kcal per day, might be easier
for patients to understand and implement in routine practice"*°, In
patientswithcirrhosis, proteinintake should be high andindividualized,
taking into account the total quantity, quality of protein sources, and
timing of intake (having proteinin each meal across the day and, most
importantly, having a late-evening snack)™". Strength and resistance
training with weights should also be added to physical activity and
performed two or three times aweek™. Smoking cessation and referral
toaregistered clinical dietitian, an exercise specialistand abehavioural
therapist should be considered, as needed.

Thereis also a need to pay attention to the common existence of
malnutrition with and without sarcopenia among patients with ALD.
Malnutrition in patients with ALD is a multifactorial event, including
impaired digestion and nutrient absorption due to alcohol, organ
damage, altered olfactory and taste perception, appetite-related
hormonal changes and altered gut flora'®. Protein energy malnutri-
tion is associated with a poor prognosis'>**' and is present in almost
every patient with severe ALD"*""**, General recommendations for
screening and management of complications of cirrhosis include a
nutritional status evaluation, a daily energy intake of 35-40 kcal per
kilogram body weight, and a high-protein diet consisting of 1.2-1.5g
perkilogrambody weight'>"* supplemented with B-complex vitamins
and zinc'*"*, The following sections provide tools to help assess and
designindividualized interventions for people living with SLD.

CMRF management

Allmodifiable cardiometabolic determinants should be systematically
addressed according to established clinical thresholds'. The following
are the suggested CMRFs and treatment thresholds: fasting blood glu-
cose >100 mg/dI (5.6 mmol/I) for prediabetes and metabolic syndrome,
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Table 2| Tools for assessing alcohol use disorder

Tool

Sensitivity

Specificity

Advantages

Limitations

Questionnaires

NIAAA Moderate risk Moderate risk Single Alcohol Screening Question Positive result is not a diagnosis of AUD
guidelines: 85% guidelines: 87%  practical and rapid first step to a longer assessment and indicates a need for further testing
Highest risk Highest risk Easily integrated into a routine patient visit Relies on self-reporting
guidelines: 91% guidelines: 93% Validated tool that can identify individuals who might
need a more comprehensive diagnostic assessment
AUDIT 80-95% for 70-90% 10-item questionnaire (WHO) Slightly longer than brief screening
hazardous/harmful Primary care, community, hospital settings tools
drinking Gold-standard screening tool Might under-detect in older adults
85-90% for AUD Validated globally or women if not using adjusted
thresholds
Identifies hazardous use before dependence . .
o Relies on self-reporting
Easy to administer
Validated in multi-ethnic cohorts
Available in many languages
AUDIT-C 86% 89% Primary care and eEMRs Cannot distinguish risky use from
Men (24 points) Rapid administration dependence
AUDIT-C 73% 91% Can be embedded in EHRs Positive screens require a full AUDIT
Women (23 points) Validated and translated into multiple languages
Lifetime drinking Reliability: Validity: Comprehensive, self-administered tool Time-consuming and not easy to
history questionnaire 075 in men 0.40-0.80 Quantifies a person’s entire history of alcohol implement in clinical practice
(LDH-q) ~0.70 in women consumption and patterns
Good agreement with prospective quantity-frequency
diaries
Direct biochemical tests
PEth test: 220 ng/ml 73% 96% Whole blood Expensive
identifies any use in Detection window: 2-4 weeks Low likelihood of detecting low levels
the past 2-4 weeks Almost no false-positive results of drinking
Monitoring adherence
Can also be done on dried blood finger-blot cards
PEth >35ng/ml can differentiate MASLD from MetALD
PEth test: 280 ng/ml N% 77% Correctly identifies most individuals with heavy Expensive
indicates >4 drinks alcohol use
per day
Urinary EtG test: past 83.3% 66.1% Detection window: 1-3 days False-positive results common
day binge drinking Not a reliable alcohol biomarker
Past 3-day binge 84.6% 62.9% without corroborating self-report data
drinking Not widely available
Hair EtG test: cut-off of 84-100% 88-100% Detection window: 3-6 months Better indicator of chronic, excessive
17 pg/mg for high-risk alcohol use than it is for isolated binge
drinking drinking events
Cosmetic treatments might decrease
levels
Not widely available
EtS test 86-89% 73-82% Urine detection window: 1-3 days Risk of false-positive results from

Often a confirmatory test with urine EtG

incidental exposure

Cannot differentiate between a single
heavy use occasion and chronic,
long-term AUD

Indirect biochemical tests

ANI (age, biological
sex, BMI, MCV, serum
AST and ALT levels)

For identifying
ALD: 87.1% (ANI
>-0.22) and 84.1%
(ANI >-0.66)

For identifying
ALD: 92.5%
(ANI>-0.22)
and 96.7%
(ANI >-0.66)

Diagnostic performance considered superior to
individual markers such as the AST-to-ALT ratio or
serum GGT levels

Improves differentiation of alcoholic versus metabolic
disease

Potential inaccuracy in patients with
end-stage liver disease, in which
elevated MCV and AST-to-ALT ratios
are common

Has not been validated in different
ethnic groups

ALD, alcohol-related liver disease; ALT, alanine transaminase; ANI, alcoholic liver disease and non-alcoholic fatty liver disease index; AST, aspartate transaminase; AUD, alcohol use disorder;
AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, three-item abbreviated version of AUDIT; EHR, electronic health record; EMR, electronic medical record; EtG, ethylglucuronide; EtS,
ethyl sulfate; GGT, y-glutamyl transferase; MASLD, metabolic dysfunction-associated steatotic liver disease; MCV, mean corpuscular volume; MetALD, metabolic and alcohol-associated liver
disease; NIAAA, National Institute on Alcohol Abuse and Alcoholism; PEth, phosphatidylethanol.
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Box 2 | Drinking patterns and screening

Definitions
e Binge drinking: consuming four drinks (women) or five
drinks (men) in a single session (2h) at least once in the past
30 days
e Heavy alcohol use: binge drinking on at least 5 out of 30 days
¢ High-intensity drinking: ten drinks in a row in the past 2 weeks

Quantification of alcohol use in grams per week
e Consider the local standard drink definition
o Ask about
- Drinking patterns: daily intake and binge drinking
- Alcohol use in the past
- Potential socioeconomic consequences of alcohol use
- Prior history of alcohol use disorder

and =126 mg/dl for the diagnosis of diabetes; HbAlc 26.5% for the
diagnosis of diabetes, and 5.7-6.4% for prediabetes™’; triglycerides
>150 mg/dl (1.7 mmol/l) for dyslipidaemia and metabolic syndrome;
HDL cholesterol <40 mg/dl for men and <50 mg/dl for women (low
HDL levels increase cardiovascular risk); LDL cholesterol >100 mg/dl
(>70 mg/dlIfor high-risk patients; low levels are better)*; blood pres-
sure >130/80 mmHg (hypertension according to the American College
of Cardiology and American Heart Association) for hypertension and
metabolic syndrome'’; waist circumference >40 inches (=102 cm) for
men and >35inches (>88 cm) for women (central obesity and metabolic
syndrome)™,

Alcohol use screening instruments

Assessment of alcohol consumption must capture alcohol quantity, fre-
quency, duration and binge patterns, alongside CMRF burden, as these
factors directly influence SLD subtype (MASLD, MetALD or ALD) and
prognosis. There are validated tools (clinicalinterview and biochemical
markers) available for structured screening (Table 2 and Box 2).

For clinical interviewing, the National Institute on Alcohol Abuse
and Alcoholism (NIAAA) Single Alcohol Screening Question, the
Alcohol Use Disorders Identification Test (AUDIT) and the abbrevi-
ated AUDIT-C remain the most widely validated questionnaires for
detecting hazardous drinking patterns and AUD when sex-specific
thresholds are applied™. Integration into electronic health records
and non-judgemental administration improve uptake. However, brief
screens can miss intermittent binges. The Timeline follow-back method
reconstructs day-by-day intake over weeks to months, which enhances
accuracy but is time-intensive'*’. The Lifetime Drinking History inter-
view captures cumulative exposure and is particularly informative in
advanced ALD''*?, althoughiits feasibility in routine practiceis limited'*.

Alcohol biochemical markers and assessment of use

Direct biomarkers extend detection beyond point-in-time meas-
ures such as blood or breath alcohol levels. PEth levels, measured in
whole blood, reflect alcohol intake over 2-4 weeks. Concentrations
>20 ng/mlindicate any current use (sensitivity 73%, specificity 96%),
whereas >80 ng/ml suggest four or more drinks per day (sensitivity
91%, specificity 77%)'**. Urinary ethyl glucuronide (EtG) and ethyl sul-
fate detect intake over 1-3 days, and hair EtG concentrations reflect
exposure over several months'>*¢,

Chronicdrinking might also elevate serumy-glutamyl transferase
levels, mean corpuscular volume (MCV), carbohydrate-deficient trans-
ferrin (CDT) and transaminases, although each lacks sufficient sensi-
tivity alone. The Alcoholic Liver Disease and Non-alcoholic Fatty Liver
Disease Index, incorporating aspartate aminotransferase-to-alanine
aminotransferase ratio, MCV, BMIland biological sex, improves discrim-
ination between alcohol-predominant and metabolic-predominant
disease'”.

Reliance on patient-reported intake is problematic. Studiesincor-
porating PEth testing have demonstrated that 10-40% of individuals
with MASLD consume clinically relevant amounts of alcohol™'*"%,
Misclassification of SLD subtype might also occur in up to 10% of
clinical trial participants, despite very rigid inclusion and exclusion
criteria and more than 55% of patients in routine clinical practice,
when compared with objective biomarkers**'*. For example, in South-
ern California, incorporation of PEth testing increased MetALD and
ALD diagnoses fourfold and threefold, respectively™. In Denmark,
PEth testing outperformed self-report and CDT in predicting hepatic
decompensation and mortality'®% In another cohort of 2,924 par-
ticipants, 39% of individuals classified as having MASLD were reclas-
sified as having MetALD or ALD based on PEth level thresholds®. Box 3
provides the information needed for the proper implementation of
PEth testing.

Furthermore, there is international variability in the definition
of a ‘standard drink™""? (Supplementary Table 4). Recognizing that
under-reporting might reflect social stigma'>, recall bias, intentional
minimization or reduced intake after disease onset underscores the
need for objective metricsinboth clinical practice and research. Objec-
tive metrics would enhance cross-population comparisons, trial eligi-
bility, therapeutic decisions and prognostic assessment. Additionally,
asnosingle marker defines AUD, using acombined approachintegrat-
ing clinical history, AUDIT scoring and biomarkers such as PEth levels
provides the most reliable assessment™*,

Misclassification might also arise when the contribution of alcohol
to CMRFsis overlooked, and/oritisnot recognized that alcohol use and
CMRFs can fluctuate over time™> ™, Alcohol promotes hypertension,
hypertriglyceridaemia and hyperglycaemia, potentially mimicking
primary metabolic dysfunction>'*°, On the other hand, normalization
of blood pressure following alcohol reduction might reveal whether
persistent hypertension was reflective of intrinsic metabolic risk or
ofalcohol consumption, suggesting that reassessment of CMRFs after
8-12weeks of abstinence can clarify the relative contributions of both
alcohol and metabolic dysfunction. Moreover, the absence of steatosis
at a single time point does not exclude substantial lifetime exposure
or progressive fibrosis'®'%,

Screening for health behaviours relevant to SLD

Inaddition to screening for alcohol use as described above, diet quality
and engagement in physical activity, key modifiable determinants of
SLD outcomes, should be routinely assessed. Given time constraintsin
clinical practice, brief and pragmatic screening tools are preferred'®’.
The more commonly used shortinstruments are as follows: the Medi-
terranean Diet Adherence Screener'* and the Short Questionnaire
for Highly Processed Food Consumption'® for targeted evaluation of
dietary patterns; the Short Food Education and Awareness of Healthy
Eating Questionnaire'®® to assess eating behaviours such as eating rate,
screen-time eating and emotional eating; the Food Insecurity Experi-
ence Scale-Short Measure or the United States Department of Agricul-

ture Six-Item Food Security Module to screen for food insecurity'*”'5;
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and the Physical Activity Vital Sign to evaluate physical activity levels
and readiness for change.

Identification of high-risk SLD

Inadditiontoaccurate assessment of CMRFs and alcohol intake, fibrosis
stagingis central to SLD management, and the application of risk strati-
ficationfor the determination of place of care (primary care or special-
ity care)**"°, The FIB-4 index (<1.3 or >1.3) remains a pragmatic first-line
non-invasive test (NIT), but it performs suboptimally in individuals
<35or>65yearsofage. Inolder adults, reduced specificity necessitates
age-adjusted thresholds". Inlow-prevalence settings, FIB-4 might miss
up to 50% of individuals with LSM >12 kPa (refs. 172-174).

As such, most guidelines recommend a two-step strategy: FIB-4
followed by VCTE or enhanced liver fibrosis (ELF) testing when FIB-4
isindeterminate or elevated”>'”"’ (Fig. 4). It isimportant to note that
the mostrecent consensus guideline recommends only one threshold
for FIB-4 (1.3). At-risk patients with FIB-4 of 1.3 or higher are referred for
second-line testing with VCTE or ELF””". This approach may be easier to
implementin the primary care setting.

Advanced panels such as Agile 3+ or Agile 4 might further refine
prognostic assessment"’. The Camden and Islington pathway, a clini-
cal care pathway designed for primary care screening and manage-
ment of MASLD in the UK, uses a sequential testing strategy using
the FIB-4 index as the initial non-invasive fibrosis marker, followed
by the ELF test for risk stratification. Evidence supports the use of a
FIB-4 cut-off of <1.3 for optimal sensitivity, which has been shown to
improve the detection of advanced fibrosis while minimizing unnec-
essary specialist referrals in primary care®. In diabetes clinics in
France, a FIB-4-VCTE strategy resulted in hepatology referrals for
12% of patients, compared with 19% when VCTE was used as first-line
testing"’. Integration of automated FIB-4 calculation and electronic
health record alerts increases appropriate evaluation, from 3% to

33% in one randomized trial among patients (n =1,061) with T2D™°,
yet follow-up gaps persist. Education of both clinicians and patients
remains essential.

Other emerging risk stratification scores, including SAFE, met-
abolic dysfunction-associated fatty liver fibrosis score, LiverRisk,
LiverPRO, MAF-5 and CORE, demonstrate improved diagnostic and
prognostic performance over FIB-4 (refs.181,182), but require broader
validation before routine adoption. In the prospective LITMUS cohort
(n=1,430), the SomaSignal proteomic panel achieved the highest
area under the receiver operating characteristic curve for advanced
fibrosis detection'®*'3*; however, cost and accessibility currently limit
widespread implementation.

Additionally, because CVDis the leading cause of mortality across
SLD, particularly in MASLD, risk assessment should be conducted.
This assessment should integrate anthropometric measures, CVD risk
assessment tools, CMRFs and emerging biomarkers'”. Preliminary data
suggest that the triglyceride-glucose index might aid atherosclerotic
CVD risk prediction in MASLD'®. Therefore, for patients with SLD,
amultimodal, phenotype-driven approach is essential for optimal
hepatic and cardiovascular risk assessment and management.

Multidisciplinary models of care

Giventhe disease complexity of MASLD, amultidisciplinary approach,
including primary care physicians, hepatologists, endocrinologists,
behavioural health experts, addiction specialists, dietitians and exer-
cise specialists, is essential for addressing the diverse aetiologies of
SLD and improving patient outcomes. Integrated clinics that embed
addiction specialists within hepatology services might also facili-
tate treatment for patients with more severe phenotypes, including
those with MetALD and ALD™°. AUD requires non-pharmacological
and/or pharmacological treatment to reduce alcohol intake or achieve
abstinence'¥. Patient-reported outcomes should be considered as

Box 3 | Biological basis, analytical characteristics, interpretation and clinical utility of PEth
in the general population and patients with SLD

Biological basis and analytical characteristics

e Phosphatidylethanol (PEth) is an aberrant phospholipid generated
when phospholipase D, in the presence of ethanol, catalyses a
transphosphatidylation reaction, substituting ethanol for water in
phosphatidylcholine.

e PEth 16:0/18:1is considered the best and most reliable homologue
for detecting alcohol consumption.

e The most common analytical technigue used to quantify PEth in
whole blood is liquid chromatography-tandem mass spectrometry.

e PEthin whole-blood samples is stable for up to 28 days at ambient
temperature or 4-8°C and for up to several years at -80°C.

General interpretation

e PEth can detect ethanol exposure for up to 12 days after a single
episode of binge drinking.

e PEth can detect ethanol exposure for up to 4 weeks after cessation
in individuals with heavy alcohol use.

e PEth is not substantially influenced by age or race or ethnicity.

e Haemolysis can falsely lower PEth concentrations, whereas a
recent blood transfusion can produce false-positive results.

o PEth has a wider detection window than other routine blood or
urine biomarkers in individuals with liver disease, such as ethyl
glucuronide and ethyl sulfate.

e PEth concentrations of >20ng/mlin individuals in the general
population are indicative of elevated alcohol intake.

Clinical utility in SLD

e PEth concentrations of >35ng/ml can differentiate metabolic
dysfunction-associated steatotic liver disease (MASLD) from
metabolic and alcohol-associated liver disease (MetALD).

e PEth concentrations of 2200 ng/ml suggest an alcohol-associated
liver disease (ALD) aetiology.

e Routine PEth test use in steatotic liver disease (SLD) could increase
the detection of MetALD and ALD diagnoses by approximately
fourfold and threefold, respectively.

e The PEth test more accurately quantifies the risk of hepatic
decompensation and death than carbohydrate-deficient
transferrin and self-reported alcohol intake.
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Fig. 4 |Risk stratification algorithm for high-risk metabolic dysfunction-
associated steatohepatitis. The pathway for individuals with steatotic liver disease
(SLD) begins with alcohol assessment and FIB-4 testing for risk stratification.
Low-risk patients require reassessment every 1-3 years. Intermediate-risk patients
undergo second-step testing (vibration-controlled transient elastography (VCTE),

enhanced liver fibrosis (ELF), 2D shear wave elastography (2D-SWE) or magnetic
resonance elastography (MRE)). High-risk patients and those with imaging
findings suggesting cirrhosis are referred to specialized care for management.
AUD, alcohol use disorder; AUDIT, Alcohol Use Disorders Identification Test; PEth,
phosphatidylethanol.

part of the care pathway; their role and assessment methods'®** are

described in Box 4. Although multidisciplinary metabolic clinics can
be created under the same roof within the same institution, alternative
models that bring these experts together virtually can be designed
(Supplementary Fig. 2).

Specificrecommendations for adolescents

Awareness of SLD and its risk factors remains suboptimal, especially
among the younger population'”. The key drivers shaping adoles-
cent alcohol use are family and peer influences, social norms and the
availability of alcohol**'””, Specifically, peer pressure, peer alcohol
norms and socializing with substance-using peers are associated with
alcohol misuse and binge drinking, whereas family support, parental
monitoring, social networks and social support are associated with
lower alcohol use'®. However, underage alcohol use is often insuf-
ficiently addressed in clinical prectice, particularly in the presence of
parents or guardians.

There is a clear need for age-appropriate educational materi-
als for adolescents and their families, alongside structured training
resources for healthcare providers. Schools represent an important
platform for health promotion, offering opportunities to deliver
education on nutrition, physical activity and substance use, while
supporting community engagement and early screening initiatives'”’.
Given adolescents’ reliance on digital platforms, the development
of accurate, engaging SLD and MASLD-specific social media con-
tent is essential to increase awareness of metabolic risk factors,
alcohol-related damage and the role of lifestyle interventions®®. In
the clinical setting, validated screening instruments such as AUDIT,
POSIT and CRAFFT demonstrate acceptable sensitivity for detecting

alcoholuseinadolescents aged 14-18 years and should be considered
when screening adolescents®”.

Future directions for pharmacological treatments
The therapeutic landscape of SLD is rapidly evolving. Over the next
decade, multiple pharmacological options are expected to comple-
ment lifestyle modification. Progress will be accelerated by replacing
biopsy-based histological end points in MASH trials with validated
NITs, facilitating broader enrolment and improving feasibility®***,

Amajorgapincurrentevidenceis the limited evaluation of novel
therapiesinindividuals with coexisting metabolic and alcohol-related
liver diseases. Late-phase trials have systematically excluded patients
with substantial alcohol use, despite the frequent real-world overlap
between metabolic dysfunction and alcohol exposure. Future trials
should thereforeincorporate stratification by alcohol intake or include
defined MetALD cohortstobetter reflect the biological continuum of
SLD. Disease progression is determined by the combined and fluctuat-
ing effects of metabolic dysfunction and alcohol use, not by isolated
phenotypes.

Historically, pivotal trials have focused on patients with MASH and
moderate-to-advanced fibrosis (F2-F3), with, currently, extensioninto
compensated cirrhosis (F4)?°*?%, MASLD without steatohepatitis has
generally notbeentargeted due toreduced short-term liver mortality
risk and the large sample sizes required for outcome trials. However,
reliance on histological MASH as an entry criterion should be recon-
sidered. MASH is abiopsy-dependent diagnosis subject to substantial
interobserver andintraobserver variability, particularly in the assess-
ment of hepatocyte ballooning. Moreover, its independent prognos-
tic value diminishes once the fibrosis stage is taken into account®®.
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By contrast, fibrosis consistently emerges as the strongestindependent
predictor of liver-related outcomes. Importantly, accumulating evi-
denceindicatesthat validated NITs that serve as surrogates of fibrosis
demonstrate excellent performance in predicting long-term clinical
outcomes®”. Accordingly, future trials should prioritize inclusion of
patients at risk of adverse outcomes based on validated NITs that pre-
dict long-term outcomes (for example, elevated liver stiffness or ELF
scores), rather than requiring histological MASH. Imaging, serum or
composite biomarker-based end points should replace biopsy-based
end points for clinical trials, in line with evolving regulatory perspec-
tives. Trial design should also incorporate structured assessment of
alcohol use, diet and physical activity to better capture real-world
exposures. Objective alcohol biomarkers could improve risk stratifi-
cation and efficacy assessment, as discordance between self-reported
intake and biomarker data has been associated with substantially
higher long-term fibrosis progression risk'»2°%2%?,

Some of the emerging therapies could address both metabolic and
alcohol-related pathways”°. GLP1receptor agonists have demonstrated
metabolic benefits and, in early clinical studies, reductionsin alcohol
craving and heavy drinking®". Large observational cohorts suggest
lower rates of AUD diagnoses and alcohol-related hospitalizations
among GLP1 receptor agonist users compared with other T2D thera-
pies. Ongoing trials are evaluating incretin-based and related agents
in the treatment of alcohol-associated fibrosis, potentially expand-
ing treatment options for patients with overlapping phenotypes
(Supplementary Table 6).

Genetic insights also identify cross-aetiological therapeutic
targets. Loss-of-function variants in HSD17B13 confer protection
against inflammation and fibrosis across MASLD, MetALD and ALD,

Box 4 | Patient-reported outcome measures

and small interfering RNA-based therapies targeting this pathway
are currently under investigation. These efforts represent important
progressin an area historically under-served in drug development.

Ultimately, the success of pharmacological therapy in SLD will
depend on integration with behavioural interventions, including
weight management and reduction in alcohol consumption, along-
side recognition of dynamic changes in metabolic status and alcohol
exposure requiring periodic reassessment'”. Ensuring equitable access
to emerging therapies will be critical, particularly for populations dis-
proportionately affected by MASLD and MetALD. The future standard
of care s likely to involve combination regimens and precision medi-
cineapproachestailored to fibrosis risk, metabolic drivers and alcohol
exposure across the SLD spectrum.

Conclusions
SLD should be conceptualized as a dynamic disease spectrum shaped
by fluctuations inalcohol consumption and changes in CMRFs. Preven-
tionand early detection must therefore be prioritized at the population
level (Supplementary Table 5). Clinically, SLD should be approached
asacontinuumrather than asrigid siloed categories ‘alcohol-related’
and‘non-alcohol-related or metabolic’ disease. Routine assessment of
alcohol intake and CMRFs should be incorporated into every clinical
encounter using structured self-report tools (for example, AUDIT and
AUDIT-C), objective biomarkers such as PEth, and non-invasive fibrosis
assessment (for example, FIB-4, VCTE and ELF).
Althoughtheinteractionbetween metabolic dysfunctionand alco-
hol exposure is central to SLD globally, there are regions of the world
where alcohol consumptionis limited or prohibited owing to religious
orcultural norms. Insuchsettings, disease patterns might more closely

o Worldwide, people with metabolic dysfunction-associated
steatotic liver disease (MASLD) frequently demonstrate impairment
in health-related quality of life (HRQoL) and other patient-reported
outcomes (PROs), particularly in relation to physical functioning
domains such as work productivity and activities of daily living, and
fatigue and vitality'®'®°.

e HRQoL scores and many other PROs are generally lower in
patients with MASLD than in control individuals, as well as in those
with other liver diseases (for example, chronic hepatitis B and C),
except alcohol-associated liver disease (ALD)'"#'°,

e MASLD independently predicts poor HRQoL'®, although the
degree of impairment is greater in the presence of metabolic
dysfunction-associated steatohepatitis (MASH) and/or advanced
liver disease, including cirrhosis and liver decompensation'°.

¢ Incorporating PROs into the care of people with MASLD enables
holistic and patient-centred management strategies via an
improved understanding of patients’ perceptions of their physical
and mental health and psychosocial well-being, both before and
during treatment.

e Several PRO instruments have been developed to assess HRQoL
in patients with MASLD and MASH, the most popular of which are
the generic Short-Form 36 (SF-36), the disease-specific chronic
liver disease questionnaire-metabolic dysfunction-associated
steatohepatitis (CLDQ-MASH) and EuroQol five-dimension
five-level (EQ5D), which assesses health utility'°.

e Compared with MASLD, there is limited information on the HRQoL
and other PROs in patients with metabolic and alcohol-associated
liver disease (MetALD), due in part to the newness of this definition
and the limited number of validated PRO instruments to assess
this condition.

o SF-36, EQ5D and CLDQ-MASH have been validated to a limited
extent in individuals with MASLD who might have had excess
alcohol use'', but the effect of alcohol on HRQoL per se in this
population is yet to be defined.

¢ Few studies have been conducted evaluating PROs in ALD, mainly
due to the challenges in obtaining complete and high-quality
health-related data in this population from both the patient’s and
the physician’s perspectives'®*'®,

e People with ALD have lower HRQoL scores than those with other
chronic liver diseases (CLDs), particularly in domains related to
physical functioning'™*.

e MetALD is known to be associated with a greater risk of advanced
fibrosis, cirrhosis and hepatocellular carcinoma compared with
MASLD'®, all of which are known to have a substantial negative
effect on HRQoL.

o Although these data suggest that HRQoL and other PROs are likely
to be more impaired in patients with MetALD than in those with
MASLD, further comparative studies are needed in this patient
population using validated tools.
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resemble ‘pure MASLD’ and should be managed accordingly within the
local epidemiological context.

Optimal care requires a multidisciplinary model integrating
primary care, hepatology, endocrinology, nutrition and addiction
medicine to address both metabolic and alcohol-related drivers. Man-
agement should prioritize weight optimization, alcohol abstinence or
reduction, glycaemic and lipid control, cardiovascular risk evaluation
and hepatic fibrosis assessment using NITs, with regular reassessment
given the fluctuating nature of alcohol use and metabolic risk.

Atthe publichealthlevel, population-based and targeted screen-
ing programmes are needed to reduce under-diagnosis and mitigate
stigma. These efforts should be reinforced by structural public health
policies, including taxation of foods and beverages that promote pro-
gressive SLD, front-of-package nutritional labelling, product refor-
mulation strategies, marketing restrictions and enforcement of laws
defining the minimum legal age of purchase where applicable. Public
health campaigns and school-based initiatives should emphasize the
compounded risks of alcohol and obesity, particularlyamongindividu-
als living with overweight or obesity, in whom even reduced levels of
alcoholintake might confer harm.

Looking ahead, research and innovation must remain central
to advancing care across the SLD spectrum. In the future, validated
diagnostic and prognostic biomarkers applicable to the full spectrum
of SLD should become widely accessible and easily implementable in
routine practice. Additionally, therapeutic trials should expand to
include MetALD and ALD populations and incorporate systematic,
longitudinal monitoring of alcohol exposure and metabolicrisk using
validated biomarkers tobetter capture disease dynamics and treatment
response. Studies should evaluate the effectiveness of integrated life-
style and pharmacological strategies and ensure equitable access to
emergingtherapies. Precision medicine approaches, tailoringinterven-
tions according to fibrosis risk, metabolic profile and alcohol exposure,
arelikely to define the next era of SLD management.

Ultimately, addressing the SLD pandemic requires alignment of
clinical care, research and policy. Strategies must target the dual drivers
of metabolic dysfunction and alcohol exposure at the patient, com-
munity, national and global levels. Only through this comprehensive
and coordinated approach can the root causes of SLD be effectively
addressed.

Published online: 07 August 2026
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