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dysfunction-associated steatotic liver disease. Emerging dataindicate | directions
thatalcohol and CMRFs act synergistically rather than additively,
accelerating liver inflammation and fibrosis. Cost-effectiveness
analyses supportrisk-based screening that couples simple blood-based
non-invasive tests with imaging and advanced serum biomarkers of
liver fibrosis. Key research priorities include refining epidemiological
estimates, standardizing biomarker cut-offs, elucidating dynamic
interactions between alcohol and CMRFs, validating non-invasive
prognostic tools, and evaluating therapies that target both metabolic
and alcohol-related injury. Addressing these gaps is essential to
mitigate the growing clinical and economic burden of MetALD.
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Key points

¢ Metabolic and alcohol-associated liver disease (MetALD) is a
common but under-recognized entity, and affects approximately 4.1%
of the global adult population, with marked regional heterogeneity and
probably substantial underestimation due to alcohol under-reporting.

o Alcohol intake is systematically under-reported, and objective
biomarkers can close this gap; phosphatidylethanol and similar
biomarkers can increase MetALD detection up to fourfold and might
offer better prognostic accuracy than self-reporting.

e The combination of alcohol and cardiometabolic risk factors
accelerates steato-inflammatory injury, fibrosis and hepatocellular
carcinoma, with risk rising supra-multiplicatively in individuals carrying
genetic variants such as PNPLA3"™&M,

o MetALD carries a worse prognosis than metabolic dysfunction-
associated steatotic liver disease. Patients have a higher incidence of
advanced fibrosis, hepatic decompensation, hepatocellular carcinoma
and major adverse liver outcomes, and MetALD is now the third-leading
aetiology among US liver transplant candidates.

o Risk-based screening in primary care is cost-effective and clinically
actionable; a tiered approach using FIB-4 followed by vibration-
controlled transient elastography or enhanced liver fibrosis testing
might be suitable in most settings.

o Major research and management gaps remain; priorities include
standardizing biomarker thresholds, developing a dedicated
International Classification of Diseases code, conducting longitudinal
studies of dynamic alcohol-metabolic interactions and evaluating
whether metabolic dysfunction-associated steatotic liver disease
therapies (for example, resmetirom, GLP1 receptor agonists and FGF21
analogues) are effective specifically in MetALD.

Introduction

Steatotic liver disease (SLD) is a major contributor to the global
burden of chronic liver disease (CLD) worldwide'. For many years,
metabolic-driven and alcohol-driven liver diseases were interpreted
as two completely distinct entities, namely non-alcoholic fatty liver
disease (NAFLD) and alcohol-associated liver disease (ALD)’. However,
up to 17% of the global adult population engages in hazardous alco-
hol drinking?, and up to 90% of adults in the USA exhibit at least one
cardiometabolic risk factor (CMRF)*.In 2023, new diagnostic criteria
introduced a distinct entity — metabolic and alcohol-associated liver
disease (MetALD) — to describe cases of dual liver injury due to both
metabolic dysfunction and increased alcoholintake®”. The conceptual
shift to MetALD recognizes that alcohol and metabolic stressors act
synergistically rather than additively to accelerate steato-inflammatory
injury, fibrosis and hepatocellular carcinoma (HCC)®.

In the past few decades, rising obesity rates, type 2 diabetes
mellitus (T2DM), metabolic syndrome and persistent alcohol con-
sumption have fuelled anotableincrease in MetALD prevalence, with
notable regional and demographic heterogeneity worldwide’ ™. In the
USA, analysis of National Health and Nutrition Examination Survey
(NHANES) data demonstrated that the prevalence of advanced liver

diseaseinindividuals with heavy alcohol use and metabolic syndrome
rose from 3.0% in 1999 to0 10.8% in 2018 (ref. 13). Translating these
epidemiological insights into clinical practice and research remains
challenging, given variable awareness of MetALD and limited inte-
gration of biomarkers into routine care'*". Owing to the substantial
clinicalimpact of MetALD in terms of healthcare costs, treatment and
prognosis, this Review aims to summarize its global epidemiology and
key risk factors, outline its natural history and clinical consequences,
highlight critical gaps in current epidemiological data, and propose
actionable recommendations for research and practice.

Current definition of MetALD in clinical practice
Framing our understanding of MetALD

According to the 2023 definition, MetALD applies to individuals
with liver steatosis, metabolic dysfunction and self-reported alcohol
consumption within the range of 140-350 g per week for women and
210-420 g per week for men’® (Fig. 1). However, the alcohol consump-
tion cut-offs that distinguish the different SLD subtypes are consensus
based and, to some extent, arbitrary, given that alcohol-related harm
increases in a quantitatively continuous manner. These alcohol cut-offs
mightalso vary by sex, age, race/ethnicity and duration of exposure to
ethanol over time'®. Moreover, healthcare professionals often do not
routinely ask about the quantity and type of drinksin clinical practice,
hindering the differentiation of SLD subtypes".

Effects of under-reporting alcohol consumption on MetALD
estimates and outcomes

Even moderate levels of alcohol consumption — above 1.5 drinks
per day for women or 3 drinks per day for men — can substantially
worsen outcomes in patients with metabolic comorbidities such as
obesity or T2DM', However, under-reporting of alcohol intake is a
well-documented and persistent challenge in epidemiological and
clinical settings'**°. This phenomenon is driven by several factors,
including social desirability bias, stigma associated with alcohol use,
impaired recall and, insome cases, deliberate misreporting'“*. In addi-
tion, the ‘sick-quitter’ effect (atype of biasin alcohol research in which
people who stop drinking because they are already ill are classified as
‘abstainers’ or ‘non-drinkers’) might affect associations between previ-
ousalcohol consumptionand liver disease severity'. In hepatology, this
issueis particularly relevant, asaconsiderable proportion of individuals
classified with metabolic dysfunction-associated steatotic liver disease
(MASLD) actually have an alcohol intake consistent with MetALD or
ALD, and therefore have aworse prognosis*2*. An underestimation of
the MetALD burden s problematic both at the individual and systemic
levels. At the individual level, patients might not receive appropri-
ate care, including necessary interventions for alcohol reduction®.
At the broader healthcare level, this under-recognition contributes
totheunderprioritization of individuals with MetALD in health policy
and drug development™*,

The development and growing use of objective alcohol biomark-
ers, including phosphatidylethanol (PEth) inblood and ethyl glucuro-
nidein urine or hair, have provided new tools to detect recent alcohol
intake”, with detection windows ranging from days to months*.
Studies using these biomarkers have revealed discordance between
self-reportedintake and actual alcohol exposure, with analyses report-
ingthat10-80% of people classified with MASLD already have an alco-
hol intake consistent with MetALD or ALD*** (Table 1). Thus, based
on recent evidence, researchers proposed PEth-based thresholds
to improve the MetALD definition®**>* (Fig. 1). The use of the PEth
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Quantification of alcohol intake

o How many days do you usually drink alcohol?

o On drinking days, how many drinks do you
usually have?

* How frequently do you consume >4 drinks

Alcohol intake
<140 g/week (women)

Alcohol intake
>350 g/week (women)

Alcohol intake
140-350 g/week (women)

(women) or >5 drinks (men) in less than 2 h? <210 g/week (men) 210-420 g/week (men) >420 g/week (men)
o Consider regional definition of standard drink
» Use non-stigmatizing language l
Metabolic dysfunction PEth PEth PEth PEth
Adiposity <20 ng/ml 20-35 ng/ml 35-200 ng/ml >200 ng/ml

o BMI 225 kg/m? (223 kg/m? for Asian individuals)
or waist >94 cm (men) or >80 cm (women)
Glucose
e Fasting 2100 mg/dl, 2-h >140 mg/dl,
HbA1c 25.7%, or T2DM or treatment for T2DM
Blood pressure
» >130/85 mmHg or on antihypertensives l

Triglycerides

¢ >150 mg/dl or lipid-lowering therapy

HDL-C

e <40 mg/dl (men)/<50 mg/dl (women) or
lipid-lowering therapy

MASLD

Fig.1| Conceptual framework for the clinical diagnosis of MetALD and how
incorporating PEth testing could refine the current definition. Thresholds
for phosphatidylethanol (PEth) still require validation in larger cohorts. ALD,
alcohol-related liver disease; HbAlc, haemoglobin Alc; HDL-C, high-density

At least one out of five metabolic dysfunction criteria

I

Suspected
MetALD

( . 3 l

No metabolic Regardless of
dysfunction metabolic dysfunction

By

Confirmed ALD

MetALD

lipoprotein cholesterol; MASLD, metabolic dysfunction-associated steatotic
liver disease; MetALD, metabolic and alcohol-associated liver disease;
T2DM, type 2 diabetes mellitus.

biomarker canincrease the detection of MetALD and ALD by fourfold
and threefold, respectively®. A Danish study including 192 participants
from two randomized controlled trialson MetALD and ALD, all with cur-
rent or former excessive alcoholintake, evidenced that the use of PEth
might have higher prognostic accuracy for hepatic decompensation
and death compared with self-reported alcoholintake®. The degree of
under-reportingisinfluenced by local and cultural contexts, as well as
healthcare system factors. However, evidence from diverse geographic
regionsindicates thatalcoholintakeleadingto cirrhosisisawidespread
issue”*. Although the thresholds for alcohol biomarkers to identify
MetALD require validation in large cohort studies, they represent an
important advance in SLD classification®.

Leading risk factors for MetALD

In2019, alcohol consumption explained 25% of the global deaths due to
cirrhosis, including ALD, MetALD and other related liver diseases® %,
The current alcohol per capita consumption was estimated at 5.51in
2019, representing aslight decrease from2010, when it was estimated
at5.7 lof purealcohol (arelative reduction 0f 4.5%)*¢ (Table 2). However,
thelevels of alcohol consumption remain high in many areas, including
the WHO (World Health Organization) European Region (9.2 | of pure
alcohol per year per person) and the Region of the Americas (7.5 of
purealcohol peryear per person)®. In terms of sex differences, 52.2% of
men and 35.4% of women were current drinkers globally in 2019 (ref. 3).
In the same period, the prevalence of alcohol use disorder (AUD) was
9.3% in men and 4.8% in women globally®. In addition, between 2000
and 2021, there hasbeenal4.7%increasein AUD and a94.1% increasein
alcohol-attributable primary liver cancer prevalence globally, reflecting
the sustained consequences of alcohol use®.

Overweight and obesity, other major contributors tothe burden of
MetALD, are highly prevalentin the overall adult population*° (Table 2).
According to the WHO, 43% (2.5 billion) of adults were overweight
and 16% (890 million) had obesity in 2022*. Compared with 1990, the
global prevalence of obesity had increased by 155% in men and 105% in
women’. The most rapid rise in obesity prevalence hasbeen observed

in the Middle East and North Africa, while countries in Oceania also
exhibit ahigh prevalence. Based onforecasting estimates, itis expected
that the total number of adults with overweight and obesity will reach
3.80 billion by 2050, over half of the likely global adult population at
that time’. T2DM, another major risk factor for liver fibrosis progres-
sion in MetALD, had an estimated global prevalence of 828 million
adults in 2022*%. The largest increases from 1990 have been observed
inlow-income and middle-income countries in Southeast Asia, South
Asia, the Middle East and North Africa, and Latin America and the
Caribbean*. By 2050, more than 1.31 billion people are projected to
have T2DM, with expected age-standardized total T2DM prevalence
rates of greater than 10% in two regions: 16.8% in North Africa and the
Middle East and 11.3% in Latin America and Caribbean’.

Global epidemiology and burden of MetALD
Geographic variationin MetALD prevalence

Global MetALD prevalence ranges from 1% to 3% in community-based
ultrasound studies to over 7% in imaging-enriched cohorts, with con-
siderable geographic heterogeneity’ (Fig. 2). For example, studies using
the NHANES database in the USA have estimated aMetALD prevalence
of 1.7-2.5% in the overall adult population*****, By contrast, astudy that
prospectively enrolled 539 adults aged 40-75 years with overweight or
obesity from primary care and community-based settingsin southern
Californiareported a MetALD prevalence of 4.8%, as measured with
MRItechniques®.InLatin America, the prevalence of MetALD has been
estimated at 0.9% in Chile*>**and 2.9% in Brazil*'. In Asia, a study using
the Korea NHANES reported a MetALD prevalence of 2.8%*%, whereas
another study that included 2,535 individuals who underwent MRI
during health check-ups in five primary-care health-promotion clin-
ics estimated a prevalence of 7.8%*. A Japanese study that included
694 participants who underwent health check-ups also estimated
a MetALD prevalence of 2%*°. European studies have estimated a
MetALD prevalence of 1.1% in Spain'® and 2.9% in the UK*', whereas
two Danish studies showed an estimated prevalence of13%°* and of
up to 24% in participants with a history of excessive alcohol intake?.
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Table 1| Summary of published studies that assess
under-reporting of alcohol consumption in patients with
steatotic liver disease using direct alcohol biomarkers

Study Country Sample Biomarkers Under-
size reporting (%)

Scholten et al. USA 2792 PEth (20 ng/ml) 86

(2024)*

Torp etal. Denmark 2,924 PEth (>20ng/ml) 42

(2025)"*° PEth (80ng/ml) 19

Hansen et al. Denmark 192 PEth (>35ng/ml) 16

(2025)*°

Staufer et al. Austria 184 Hair EtG, urine EtG 29

(2022)*

Vaz et al. Sweden 46,406 PEth (>35ng/ml) 20

(2025)*

Tavaglioneetal. USA 391 PEth (>25ng/ml) 16

(2025)*

Hagstrometal.  Sweden 139 PEth (2210ng/ml) 9

(2017)*

Only the subset of patients from the respective studies who, based on self-reported alcohol
intake, met the criteria for metabolic dysfunction-associated steatotic liver disease (average
daily intake of 20 g for women and 30g for men) are included. Only studies that measured
phosphatidylethanol (PEth) and ethyl glucuronide (EtG) (in urine or hair) are included. Studies
involving liver transplant candidates were excluded, as this group might have a distinct
motivation to not report alcohol intake, which differs fundamentally from the broader SLD
population. Search strategy used to identify studies on direct alcohol biomarkers in SLD. The
following search string was applied across databases: (‘phosphatidylethanol’ OR ‘PEth’ OR
‘ethyl glucuronide’ OR ‘EtG’ OR ‘hair EtG’ OR ‘urine EtG’) AND (‘non-alcoholic fatty liver’ OR
‘NAFLD’ OR ‘metabolic dysfunction-associated steatotic liver disease’ OR ‘MASLD’ OR ‘fatty
liver’ OR ‘steatotic liver’ OR ‘liver disease’). In addition, we manually screened the reference
lists of relevant articles to identify additional eligible studies. *Steatotic liver disease (SLD)
and other chronic liver disease.

Figure 2 summarizes the currently available estimates of MetALD
prevalence worldwide.

Based on a systematic review of 15 studies, the estimated
global prevalence of MetALD is 4.1% (95% Cl 3.1-5.3%) in the general
population™. The analysis also showed that MetALD is substantially
more prevalentin the European region (8.6%; 95% Cl 6.0-12.1%) com-
pared with the Western Pacific (3.9%; 95% C1 3.0-5.2%) and the Ameri-
cas (2.7%; 95% Cl1.7-4.3%). Although the prevalence of MetALD was
higher in studies conducted before 2015, substantial heterogeneity
was observed among studies™. Another systematic review of 19 studies
thatonlyincluded participants with SLD has reported aMetALD preva-
lence of 10% (95% Cl 7-13%), without significant differences between
Asianand non-Asian populations®. It isimportant to consider that the
prevalence of MetALD is probably underestimated, with local variation
due to stigma leading to under-reporting of alcohol consumption,
limitations in diagnostic techniques and lower healthcare access in
the most disadvantaged populations™.

In terms of the disease severity, several studies have evidenced
an elevated risk of liver fibrosis in MetALD compared with MASLD.
In 2017-2018 data from the US NHANES, among adults with MetALD
who underwent vibration-controlled transient elastography (VCTE),
the prevalence of advanced fibrosis (liver stiffness >9.7 kPa) was 11.2%,
and the prevalence of cirrhosis (liver stiffness >13.6 kPa) was 4.0%".
Although a study comparing the NHANES 2017-2020 and 2021-2023
cyclessuggested arisein ALD prevalence, and prevalence of advanced
fibrosis in the ALD group, no significant changes were observed in
the MetALD subtype’®**. In a Korean study including 476,124 health

check-up participants, those with MetALD showed the highest prev-
alence of intermediate or high risk of fibrosis (22.2%) based on the
non-alcoholic fatty liver disease fibrosis score*®. Another Danish
study including 3,123 participants from two cohorts with high bur-
den of metabolic dysfunction and increased alcohol intake showed
that 12% of participants with MetALD had a VCTE >8 kPa (ref. 52). In
addition, when using the Fibrosis-4 (FIB-4) index in participants with
MetALD from the UK Bi-bank, the prevalence of indeterminate and
high risk of liver fibrosis was 51% and 5%, respectively*’. Both T2DM
and obesity have been associated with a higher risk of liver fibrosis
in MetALD*®. Alcohol consumption has also been linked to a higher
risk of liver fibrosis, even at low doses and regardless of the number
of CMRFs™®,

Sociodemographic variationsin the burden of MetALD
Althoughgranular dataonsociodemographic determinants of health
in MetALD are scarce, some population-based studies have provided
insights about potential disparities. In terms of sex, several studies
have consistently demonstrated that MetALD is more frequentin men
than women (up to a 6:1ratio)*’. Regarding racial and ethnic differ-
ences inthe USA, age-standardized prevalence of MetALD is highest
in non-Hispanic white individuals (2.56%) and least prevalent among
Asianindividuals (0.25%)°*. Moreover, adults with MetALD, especially
those with ahigher range of alcohol use within the MetALD spectrum,
have anincreased burden of unfavourable social determinants of health
than those with MASLD, especially food insecurity, limited healthcare
access and single living®. In particular, food insecurity — defined as
ahousehold-level economic and social condition characterized by
limited or uncertain access to adequate food — often leads to reliance
oninexpensive, energy-dense, nutrient-poor foods (primarily ultrap-
rocessed carbohydrates and fats), whereas intake of fruits, vegetables
and high-quality proteins is reduced®. In addition, single status might
be associated with less social support, which can also contribute to
unhealthy behaviours®’.

Natural history of MetALD

Integrated mechanisms underlying MetALD

MetALD is a multifactorial disease, driven by the interplay between
inherited risk, physicalinactivity, unhealthy diets, CMRFs and alcohol
consumption”®, Histologically, MetALDis indistinguishable from other
SLD subtypes, with features including hepatocellular ballooning, stea-
tosis and perisinusoidal fibrosis™. Alcohol is the leading risk factor
for progression in MetALD, increasing the hepatic NADH/NAD* ratio,
which inhibits B-oxidation of fatty acids and promotes triglyceride
synthesis, leading to steatosis®* (Table 2). Moreover, alcohol has a
direct hepatotoxic effect, can induce oxidative stress and mitochon-
drial dysfunction®, increase gut permeability and alter the intestinal
microbiome®*, and can impair hepatic regeneration®. In increased
visceral adiposity, expanded adipose tissue becomes insulin resistant
andreleasesincreased amounts of free fatty acids, pro-inflammatory
cytokines and adipokines into the circulation®. The excess free fatty
acidsare delivered to theliver, where they are taken up and re-esterified
into triglycerides, leading to hepatic steatosis®’. In addition, insulin
resistance impairs the normal suppression of hepatic gluconeogen-
esisand promotes de novo lipogenesis, further increasing hepatic fat
accumulation®®. In T2DM, chronic hyperglycaemia and hyperinsulinae-
mia exacerbate hepaticlipid accumulation by stimulating lipogenesis
andimpairing B-oxidation of fatty acids®. Other mechanisms, including
liver hypoxia, endocrine dysregulation and gut-liver axis perturbations
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mightalso contribute to disease progression in the context of metabolic
dysfunction””,

Genetic and epigenetic factors can also modulate the develop-
ment of MetALD, which explains the different individual susceptibil-
ity to modifiable risk factors’ (Table 2). The most robustly validated
causal variant is the patatin-like phospholipase domain-containing
protein 3 (PNPLA3) 1148M variant, which consistently affects hepatic
fataccumulation, lipotoxicity and steatohepatitis, and translates into
a higher risk of advanced fibrosis, HCC and liver-related mortality”.
The frequency of the high-risk PNPLA3"® allele is highest in Central
and South America (50%) and lowest in East Asia (35-45%), South Asia
(24-30%), Europe (23%) and sub-Saharan Africa (12%)™. Other genetic
factors, including transmembrane 6 superfamily member 2 (encoded
by TM6SF2), membrane-bound O-acyltransferase domain-containing 7
(encoded by MBOAT?) and 17- hydroxysteroid dehydrogenase 13
(encoded by HSD17B13) genes, have demonstrated an important role
in increasing the risk of steatosis, fibrosis and HCC in both patients
with MASLD and ALD™",

Disease dynamics and progression in MetALD from steatosis
to cirrhosis

Oftheleadingrisk factors, itis estimated that 70-75% of patients with
overweight or obesity will develop hepatic steatosis’®, as will 65% with
T2DM”’ and 46% of those who drink =30 g per day*°. However, individu-
alswithincreased alcoholintake (=30 g per day) and obesity can show
aprevalence of hepatic steatosis 0f 94.5%°. Inaddition, the estimated
5-year risk of progression and hepatic decompensation in early fibro-
sis stages is 1-5%, and 10-30% in advanced fibrosis stages® (Fig. 3).

The leading drivers of MetALD interact, promoting accelerated liver
fibrosis progression®'®, For example, individuals who drink alcohol
withinthe MetALD range and have only one CMRF exhibit a16.7% preva-
lence of fibrosis defined by liver stiffness measurement >8 kPa, whereas
this risk rises to 28.6% in those who have four to five CMRFs'®. Also, ina
UK Biobank study, therisk of cirrhosis increased supra-multiplicatively
in individuals with obesity, with excessive drinking and who were
homozygous carriers of the PNPLA3" variant compared with
those without obesity, with non-excessive drinking and who were
non-carriers”’.

Although several aspects of the natural history of MetALD are
unknown, evidence has shown that the MetALD category carries prog-
nostic information. AUS study of Veterans Health Administration data
has evidenced that MetALD carries ahigher incidence of major adverse
liver outcomes (HR1.56;95% CI1.50-1.62) and all-cause mortality (HR
1.08;95% C11.05-1.10) than MASLD®! (Fig. 3). A systematic review of 12
studies, comprising 13 cohorts and 3,685,167 participants, showed that
individuals with MetALD are at higher risk of liver-related events than
those with MASLD (HR 1.62, 95% C11.16-2.25)%, Patients with MetALD
might have a higher incidence of cancer, including HCC, than those
with MASLD alone®. In fact, in a French and Belgian cohort including
patients with MetALD and ALD, the risk of HCC was estimated at 2.4%
peryear®*. A systematic review including seven cohort studies involv-
ing 1,875,429 individuals (14.1% with MetALD) also showed that the
risk of HCC is significantly greater in individuals with MetALD than
those with MASLD (HR1.33,95% CI1.00-1.77, P = 0.048)®. Patients with
MetALD have an elevated risk of cardiovascular disease compared with
people without SLD*, which could be comparable to the risk of those

Table 2 | Leading risk factors for MetALD and how they drive disease

Risk factor Proposed pathogenic mechanism

Estimated frequency

Alcohol consumption

Ethanol metabolism generates acetaldehyde and ROS, alters gut
permeability and upregulates CYP2E1. These changes amplify the
lipotoxic, inflammatory milieu created by metabolic dysfunction,
leading to synergistic hepatocyte injury and hepatic stellate cell
activation

Global estimates in 2019°: 43.8% current drinkers; 17% of people
aged 215 years; and 38% of current drinkers engaged in heavy
episodic drinking or ‘binge drinking’ (609 of pure alcohol on
one or more occasions in the last month)

Visceral adiposity,
overweight and obesity

Excess adipose tissue delivers FFAs and adipokines to the liver,
provoking lipotoxicity, ER stress and insulin resistance

Global estimates in 2022*': 43% of adults overweight; 16% of
adults with obesity

T2DM and systemic
insulin resistance

Hyperglycaemia drives de novo lipogenesis and glycation end
products, whereas insulin resistance suppresses adiponectin and
promotes hepatic FFA influx

Global prevalence in 2022: 828 million adults had T2DM*

Genetic and epigenetic
factors

The PNPLA3I™®™ mutant impairs triglyceride hydrolysis from
lipid droplets, sensitizing hepatocytes to both metabolic and
ethanol-derived lipotoxic signals; defective retinyl-ester release
from stellate cells further primes fibrogenesis

PNPLA3-G allele frequency: 25% worldwide (50% Latin America,
35-45% East Asia, 24-30% South Asia, 23% Europe and 12%
sub-Saharan Africa)”

Sex differences

Women have lower gastric ADH activity, higher body-fat content and
oestrogen-induced endotoxaemia, which raise systemic ethanol
exposure; oestrogens potentiate Kupffer cell TNF responses,
amplifying damage at lower alcohol thresholds

Women develop cirrhosis at lower levels of alcohol intake™'

Older age

Ageing reduces mitochondrial 3-oxidation capacity, heightens
oxidative DNA damage and impairs autophagy; cumulative exposure
to both metabolic and alcohol stressors tips the balance towards
irreversible fibrosis

Adults 265 years represented 9.3% of the global population in
2020 and are projected to reach 16% by 2050™**

Western/high-fructose,
high-SFA diet

Fructose bypasses glycolytic regulation, flooding the liver with
acetyl-CoA and uric acid, upregulating SREBP-1c and lipogenesis;
saturated fats stiffen membranes, making them more susceptible to
ethanol-derived oxidative injury

Global estimates in 2019: 771 ASDALYs per 100,000 population
attributed to high sugar-sweetened beverage intake'®

ADH, alcohol dehydrogenase; ASDALYs, age-standardized disability-adjusted life years; CYP2E1, cytochrome P450 2E1; ER, endoplasmic reticulum; FFA, free fatty acid; MetALD, metabolic
and alcohol-associated liver disease; PNPLAS, patatin-like phospholipase domain-containing protein 3; ROS, reactive oxygen species; SFA, saturated fatty acid; SREBP-1c, sterol regulatory
element-binding protein 1c; T2DM, type 2 diabetes mellitus; TNF, tumour necrosis factor.
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Fig.2|Estimated global prevalence of MetALD. The following search string
was applied in PubMed: (‘MetALD’ OR ‘Met-ALD’). Inaddition, the reference
lists of relevant articles and liver conference abstracts were screened to

identify additional eligible studies MetALD, metabolic dysfunction and
alcohol-associated liver disease.

with MASLD according to recent evidence®*>%, These considerations
highlight theimportance of accurate classification of SLD subtype and
the effective management of contributing factors.

The economic case for early detection and
screening in MetALD

Healthcare costs of MetALD

Population-level data on the burden of MetALD are still emerging.
However, building on the previously epidemiological data, MetALD
is expected to contribute substantially to the burden of CLD world-
wide. Cirrhosis, its final stage, is the second-leading cause of working
years of life lost in Europe after ischaemic heart disease, accounting
for approximately 1.6 million years of life lost annually®’. In the USA,
CLDis now the fourth-leading cause of death among individuals aged
45-64 years, and data show a 65% increase in years of life lost due to
cirrhosisand HCC between 2010 and 2020 (ref. 88). In addition to mor-
tality, CLD contributes substantial indirect costs through loss of work
owing to disability, and reduced productivity, especially in patients
with AUD or T2DM®. Direct healthcare expenditures are also high, due
to frequent hospitalizations, diagnostic evaluations and the manage-
ment of complications, such as ascites, variceal bleeding and hepatic
encephalopathy®. In the USA, MetALD constitutes the third-leading
aetiology among those waitlisted and undergoing liver transplanta-
tion, exhibiting worse pre-transplantation and post-transplantation
outcomes compared with patients with ALD”". Moreover, a French study
showed that 29.7% of intensive care unit admissions for SLD-related
cirrhosis are due to MetALD?.

Screening strategies for MetALD
Several cohortstudies have confirmed that MetALD is associated with
a considerable risk of advanced fibrosis, liver decompensation and
mortality compared with MASLD alone**® (Fig. 3). Non-invasive mark-
erssuch as FIB-4 and magnetic resonance elastography show elevated
fibrosis risk in patients with MetALD compared with MASLD, although
still below ALD levels*. Given the asymptomatic nature of early liver
disease and the rising prevalence of both metabolic syndrome and
alcohol use, proactive strategies for liver fibrosisidentification in at-risk
populations areincreasingly essential. The long latency period of fibro-
sis progression — often spanning two to three decades — represents a
critical window for preventive intervention? (Fig. 4). Screening strat-
egies should aim to detect individuals with fibrosis stage >F2, as this
stage is the best predictor of liver-related morbidity and mortality®.
Expert consensus now supports risk-based screeningin primary care,
targeting individuals >40 years of age with diabetes, obesity or hazard-
ous alcohol intake®. A tiered diagnostic approach is recommended:
initial screening with simple, low-cost algorithms such as the FIB-4
index, followed by more specific tests such as VCTE, the enhanced liver
fibrosis (ELF) test, or any other specific technique to estimate liver fibro-
sisinintermediate-risk or high-risk cases”. This approach maximizes
diagnosticefficiency while minimizing unnecessary referrals. Studies
alsosuggest that screening itself might motivate beneficial behavioural
changes, including alcohol reduction and weight loss”>*°.
Conversely, the implementation of screening programmes for
liver fibrosisin MetALD faces several barriers. First, awareness of Met-
ALD as adistinct clinical entity with a higher risk of fibrosis and risk of
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progression compared to MASLD is still imited among general practi-
tioners and non-specialist clinicians. Second, most clinicians still rely
onelevated transaminase levels to identify CLD, which lacks sensitivity
for fibrosis detection”. Third, stigma, social desirability bias and limita-
tionsin physician training to the collection of information on alcohol
consumption might also affect differentiation across SLD subtypes”’.
Thus, a protocolized use of objective biomarkers, such as PEth, in a
non-stigmatizing way might facilitate a proper assessment of alcohol
use in clinical practice'. Fourth, access to second-line diagnostic
tools such as VCTE or ELF testing might be restricted in low-resource
or rural settings. Although point shear wave elastography is increas-
inglyembedded in standard ultrasound devices, consensus on cut-off
values and training for interpretation remain inconsistent'”. Finally,
there is limited integration between primary care, hepatology and
addictionservices, which complicates both diagnosis and management
in patients with dual-risk profiles. Addressing these issues will require
targeted education, standardized clinical pathways and investmentin
accessible diagnostics.

Despite these challenges, economic evaluations strongly sup-
port the cost-effectiveness of liver fibrosis screening in at-risk
populations. A modelling study based on data from multiple Euro-
pean and Asian countries suggested that VCTE-based screening in
primary care could have an incremental cost-effectiveness ratio of
€2,570-6,217 per quality-adjusted life year (QALY) gained, depending
onthe population screened'”. A separate model evaluating screening
foralcohol-related liver fibrosis showed that using ELF testing followed
by VCTE in positive cases achieved an incremental cost-effectiveness
ratio of US$5,387-8,430 per QALY in low-prevalence settings, and as
lowas US$490-1,037 per QALY in high-prevalence populations'®. These
figures are well below conventional willingness-to-pay thresholds and
might even result in cost savings by preventing expensive complica-
tions and hospitalizations. Moreover, studies show that combining
alcohol and metabolic risk stratification improves diagnostic yield
and reduces false positives, making screening particularly relevant
for patients with MetALD'"*. Given the availability of emerging thera-
pies targeting both alcohol use and metabolic dysfunction — such as
glucagon-like peptide 1(GLP1) receptor agonists and fibroblast growth
factor 21 (FGF21) analogues —identification of MetALD with moderate
to advanced fibrosis (F2-F3) could also facilitate timely treatment
interventions beyond non-pharmacological strategies'®.

Research gaps and future directions

MetALD was originally conceptualized as part of the SLD nomenclature
todescribe the conditionin which CMRFs and alcohol intake both have
aconsiderable effect on disease progression®. However, since the intro-
duction of MetALD, several gaps have emerged in our understanding of
the diagnosis, pathogenesis and clinical management (Table 3). Here,
weoutlinekey research gaps and propose future directions needed to
advance the understanding and management of MetALD.

Diagnostic methods and their limitations

A key weakness of current epidemiological estimates for MetALD is
non-uniform ascertainment of alcohol exposure, which can produce
systematic misclassification across studies and undermine compa-
rability. Most population-based estimates still rely on self-reported
alcohol intake within consensus-based thresholds. For instance, all
prevalence estimates for MetALD in Fig. 2 are based on self-reported
alcohol intake, whereas population-based studies based on alcohol
biomarkers are lacking. The same limitation is observed in asystematic

review that assessed the prevalence of MetALD, in which all 44 studies
included used self-reported alcohol intake exclusively". In addition
toallthelimitationsin detecting and quantifying alcohol intake men-
tioned previously, the heterogeneity in alcoholic beverage serving
sizes and the definition of standard drinks can affect the SLD subtype
classification, particularly among those at the boundary between
MASLD and MetALD'®. Given the different study designs and extent
of under-reporting documented by alcohol biomarkers (Table 1), a
substantial proportion of the observed heterogeneity in MetALD
prevalence probably reflects acombination of under-reported intake
in combination with geocultural factors.

Studies using PEth in individuals with SLD to support MetALD
classification have used lower thresholds ranging from 20 to 35 ng/ml
and upper thresholds ranging from 200 to 210 ng/ml (refs. 29-34).
Although previous studies based on self-reported alcohol intake have
demonstrated that individuals with MetALD have a distinct clinical
prognosis compared with MASLD?>**®!, further researchis required to
determine the PEth levels that reflect similar prognostic differences.
Ultimately, international consensus is needed to define cut-offs, estab-
lishappropriate time windows for assessment and integrate objective
biomarkers with self-reported alcohol datainastructured diagnostic
framework.

Although biomarker-based assessment of alcohol intake is likely
to become standard in clinical studies of MetALD and SLD, most
population-based and registry datasets continue to lack suchmeasures.

MetALD

e Global prevalence
among adults: 4.1%

o Alcohol biomarkers
can increase MetALD

Steatohepatitis

e 22-31% in population-based
studies

e 40-55% when >3 CMRFs
and higher alcohol

diagnoses fourfold intake
Fibrosis Cirrhosis
| ° 11-22% » 4-8% among patients
advanced with MetALD; risk varies
according to exposure

fibrosis
: to risk factors

HCC Hepatic E
* 2.4% per year decompensation !
in cirrhosis o 5-year risk: '

* 56% higher risk 10-30% '
than MASLD .
l |

Extrahepatic health
consequences
Elevated cardiovascular
disease and cancer
burdens, comparable to
those seen in MASLD

Liver-related mortality

» MetALD is associated with a 3.4-fold higher
risk of liver-related mortality compared
with MASLD

« Third leading indication for transplant
listing in the USA

Fig.3|Natural history and relative clinical burden of MetALD. Includes

risk of hepatic decompensation, hepatocellular carcinoma (HCC) and liver-
related mortality. Data obtained from population-based cohorts, National
Health and Nutrition Examination Survey and Veterans Health Administration
data'"'85538L84134 CMRF, cardiometabolic risk factor; MASLD, metabolic
dysfunction-associated steatotic liver disease; MetALD, metabolic dysfunction
and alcohol-associated liver disease.
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Healthy liver Hepatic steatosis

4.1% in the overall
adult population

Progression of liver fibrosis according to exposure to risk factors over time

Cardiometabolic risk factors

1
Alcohol (grams/week)

140 g (women)
210 g (men)

Liver fibrosis Cirrhosis HCC
1-22% in MetALD 4-8% in MetALD 2.4% per year
in cirrhosis
>

5 CMRFs

350 g (women)
420 g (men)

Inherited genetic risk | PNPLA3, HSD17B13, TM6SF2, MBOAT7, GCKR, SERPINAT, among others

Fig.4 | Dose-response model of liver disease progressionin MetALD:
interplay of metabolicload, alcoholintake and genetic predisposition.
The central arrow denotes the temporal advance of fibrosis as cumulative
exposure to key drivers increases. Triangles illustrate the graded impact of

the number of cardiometabolic risk factors (CMRFs; 1-5) and weekly alcohol
consumption within the metabolic and alcohol-associated liver disease (MetALD)
range (women 140-350 g per week; men 210-420 g per week). The lower panel lists
common risk alleles that amplify susceptibility. HCC, hepatocellular carcinoma.

A Swedish registry-based study found that 12% of 15,107 patients with
a diagnosis of MASLD had previously been diagnosed with ALD or
AUD, suggesting potential misclassification'””. Future epidemiological
studies should account for this limitation by calibrating self-reported
alcohol intake with external data sources, such as per capita alcohol
sales, an established method in studies of alcohol-related harm'*%'%°,
These modelling approaches could improve the accuracy of MetALD
prevalence estimates and facilitate more robust interpretation of
registry-based data.

In addition to systematic under-reporting, variability in alcohol
intake over time represents animportant source of misclassification.
Alcohol consumption is not static, and individuals can transition
between different levels of intake across the course of life. This has
directimplications for SLD subclassification. An observational cohort
study of 1,042 individuals at risk of SLD who underwent two liver assess-
ments over a 2-year period demonstrated that MetALD classification
is highly dynamic. At baseline, 140 participants (13%) met criteria for
MetALD, whereas 119 (11%) were classified as MetALD at follow-up.
However, only 53 individuals (38%) retained the diagnosis at both
time points'®*. These findings highlight the need for longitudinal stud-
iesto determine the duration of alcoholintake required to meet criteria
for MetALD. Establishing such a criterion is essential for harmonization
of diagnosticapproachesin clinical studies and regulatory frameworks.

Finally, heterogeneity in how hepatic steatosis and metabolic
dysfunctionareidentified and characterized isamajor driver of incon-
sistency in MetALD case definitions across epidemiological datasets.
In a systematic review assessing global MetALD prevalence”, 9 out of
44 (~20%) studies used the fatty liver index to identify cases, which
only has a moderate performance at identifying hepatic steatosis"’.
Although CMRFs are central to the MetALD definition, the practical
threshold for ‘metabolic dysfunction’ can be low, which increases
sensitivity but also broadens the case definition and reduces pheno-
typic specificity across datasets™. Studies might also differ in which

metabolic traits are captured (and how reliably), ranging from direct
measurements (for example, anthropometrics and glycaemia) to
proxy definitions based on self-report or medication use. Moreover,
some studies might not capture all metabolic dysfunction criteria,
particularly those studies conducted before the publication of the
2023 SLD definition, thereby affecting the identification of MetALD.
Comparisons are also confounded by differences in data source
and case-ascertainment strategy, particularly between administra-
tive or registry approaches (such as International Classification of
Diseases (ICD)-coded diagnoses) and protocolized clinical phenotyp-
ing. MetALD does not yet have a dedicated ICD code, complicating

identificationin administrative data'.

Clinical and biological understanding of interplay between
metabolic dysfunction and alcohol

CMREFs are well-established drivers of disease progression in MASLD,
but their role in MetALD is less well understood. Emerging evidence
indicates that individuals with MetALD exhibit distinct lipid and pro-
tein profiles compared with those with MASLD, suggesting divergent
underlying pathophysiology*”"'>. From a clinical standpoint, several
studies have suggested additive or synergistic effects between alco-
hol consumption and CMRFs in relation to liver disease severity and
progression™" (Fig. 4).

Alcohol intake itself might exacerbate cardiometabolic distur-
bances, asitis known to elevate blood pressure, induce dyslipidaemia,
promote weight gain and lower fasting glucose concentrations®*>"%72,
Furthermore, nearly all individuals with alcohol consumption consist-
ent with MetALD fulfil at least one CMRF criterion?>**, which has led to
the suggestion that alcohol is the primary driver of liver injury in the
majority of patients classified with MetALD'. This observation raises
concernsabouttherelatively low threshold required to define metabolic
dysfunction in MetALD, whereby the presence of a single CMRF is suf-
ficient for diagnosis. However, several studiesindicate that obesity and
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T2DM have amajor rolein disease progressionin MASLD compared with
hypertension or dyslipidaemia'?'*>. The different relative contributions
of individual CMRFs are supported by data from a population-based
study involving 40,898 individuals, which showed that those with Met-
ALD and three or more CMRFs had higher probability of elevated FIB-4
scores, suggesting the presence of advanced fibrosis'*. Inline with this,
a Spanish study found that individuals with MetALD and four or five
CMRFs had a markedly increased likelihood of elevated liver stiffness,
indicative of fibrosis, compared with those with fewer metabolic risk
factors™. Tostrengthen our clinical and biological understanding of the
interaction between metabolic dysfunction and alcohol-related liver
injuryin MetALD, longitudinal prospective cohort studies with repeated
measurements of metabolic traits and alcohol intake are needed.

Identification and management of MetALD
Accurateidentification of liver fibrosis is essential to the management
ofindividuals with SLD'®, Although several non-invasive tests have been
validated for fibrosis assessment in MASLD and ALD independently,
their applicability in MetALD remains to be fully established. A large
population-based Korean study demonstrated that the performance
of the FIB-4 index in detecting advanced fibrosis in MetALD was com-
parable to that observed in MASLD'*. Furthermore, in a study of 617
individuals from the USA with suspected MetALD, a two-tier diagnostic
approach using FIB-4 followed by VCTE showed diagnostic perfor-
mance similar to that reported in MASLD populations'”. Although
further validation is required before firm conclusions can be drawn,
these findings suggest that existing non-invasive fibrosis assessment
strategies might be applicable to MetALD. However, the prognostic
utility of these tools in MetALD remains uncertain. It is conceivable
thatincorporating direct alcohol biomarkersinto existing prognostic
models couldimprove their performance, but this hypothesis requires
dedicated investigation.

Management of MetALD represents another unaddressed
area'®. Although standard interventions targeting CMRFs and alco-
hol consumption should be initiated, it remains unclear how these
components should be prioritized in the context of MetALD"'%,
Evidence-based programmes are needed to clarify how ongoing alcohol

use, metabolic dysfunction, and fibrosis progression interact and
respond to treatment’. Similarly, it is necessary to conduct research
on the best models of care for individuals with MetALD, especially in
those witha higher number of CMRFs, AUD and advanced liver disease.

At present, no pharmacological agents have been specifically
approved for the treatment of MetALD". An important question is
whether therapies developed for MASLD, such as selective thyroid
hormone receptor-f agonists and GLP1 receptor agonists, are also
effective inindividuals with MetALD, and whether treatment efficacy
isinfluenced by the level of alcohol consumption during therapy. Sub-
group analyses from phaselll trials of resmetirom for MASLD, including
individuals with elevated biomarkers of alcohol intake suggestive of
MetALD, indicate that the therapeutic efficacy in this subgroupis com-
parable to that observed in the overall trial population'. GLP1receptor
agonistsarealso of interest, as they not only improve cardiometabolic
parameters and reduce hepatic steatosis and fibrosis, but they might
also have the potential to reduce alcohol intake'””', However, the rel-
evance of these findings to MetALD remains to be established. Large,
protocolized studies are needed to determine the efficacy and safety
ofthese treatments specifically in individuals with MetALD.

Implementationin clinical practice

Although the MetALD definition has strengthened recognition of the
synergistic effect of alcohol and CMRFs, its routine clinical imple-
mentation might be challenged by the need to distinguish arelatively
narrow range of alcohol intake, which is often difficult to quantify
reliably in real-world practice'®*. Nevertheless, MetALD is likely to be
clinically useful as a framework for risk stratification and prognosis,
givenemerging evidence that combined exposures accelerate fibrosis
progression and worsen outcomes®. The criteria for the diagnosis to
be used in clinical practice should probably be revised as objective
biomarkers of alcohol exposure and validated cut-offs become more
widely available, enabling more consistent diagnosis and monitoring'’.
Importantly, the MetALD construct also supports patient awareness
and counselling, reinforcing that even ‘moderate’ alcohol consump-
tion might be particularly harmful in individuals with metabolic risk
factors. Looking ahead, MetALD might become clinically meaningful

Table 3 | Research gaps and future directions

Category Research gap

Future research priorities

Diagnostics Alcohol assessment

Validation of direct biomarkers of alcohol intake and clarification of associated pitfalls

Consensus on biomarker thresholds corresponding to MetALD

Epidemiological data

Development and implementation of models to account for under-reporting of alcohol intake

Dynamic alcohol intake

Definition of how historical alcohol intake should be integrated into disease classification

Duration criteria

Establishment of criteria for how long alcohol intake must meet MetALD thresholds to qualify

Clinical and biological Cardiometabolic risk factors

understanding

Assessment of the individual contribution of each cardiometabolic risk factor to disease progression
Investigation of the effect of alcohol on the presence and severity of cardiometabolic risk factors

Disease progression
progression

Exploration of synergistic effects between alcohol and cardiometabolic risk factors on liver disease

Identification and Fibrosis assessment

Evaluation of whether fibrosis biomarkers used in MASLD and ALD can be extrapolated to MetALD

management of MetALD o
Treatment initiation

Determination of when/if MASLD-targeted therapies can be initiated in individuals with MetALD

Clinical trials

Assessment of the need for dedicated clinical trials focused specifically on MetALD

Monitoring

Development of evidence-based programmes for monitoring and managing cardiometabolic risk

factors, alcohol intake and fibrosis progression

ALD, alcohol-related liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic and alcohol-associated liver disease.
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as new therapies emerge, as treatment response could plausibly dif-
fer across MASLD, ALD and MetALD, shaping clinical trial design and
future personalized management.

Conclusion

MetALD is a prevalent and clinically important form of CLD with an
intermediate but substantial risk of progression. It imposes a high
economic burden through both direct healthcare costs and indirect
societal losses, including years of productive life lost. Implementation
of structured, non-invasive and cost-effective screening programmes
inprimary care — especially those targeting individuals with dual meta-
bolic and alcohol-related risk factors — is essential to mitigate future
disease burden. Policymakers and clinical leaders should prioritize the
development of integrated care pathways and accessible diagnostic
strategies to identify and manage this high-risk population early in
the disease course.

Published online: 18 August 2026
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