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Abstract

Sections

Metabolic dysfunction-associated steatotic liver disease, and the
broader spectrum of steatotic liver disease (SLD), require tailored
lifestyle interventions across different age groups, considering
genetics, family involvement, and psychological, environmental

and social factors. Clinical practice guidelines for adults typically
recommend auniform treatment approach, regardless of age-related
considerations. However, different emphases might be needed for
pregnant women, adults and the older age group (=65 years of age).
Moreover, metabolic health, and therefore liver health, are determined
atavery early age and evenin utero and infancy. Thus, the prevention
and treatment of SLD should not be overlooked at these early life stages
and should be specific for each stage of life. The life course approachisa
comprehensive strategy that considers health needs across all stages of
life, frominfancy to older age. This Review puts the spotlight on these
topics, creating acomprehensive age-chronological order overview

of theliterature, addressing gaps in knowledge, providing practical
advice and highlighting age-related considerations, in contrastto a
one-size-fits-all (ages) approach.

Introduction

Prevalence and burden of SLD
across the lifespan

Pregnancy-infancy-toddler
and relation to MASLD

Childhood and adolescence

'School of Public Health, Faculty of Social Welfare and Health Sciences, University of Haifa, Haifa, Israel. 2The
Global NASH/MASH Council, Washington, DC, USA. ®Denver Health Medical Center, Denver, CO, USA. *Present
address: Department of Global and Community Health, College of Public Health George Mason University, Fairfax,
VA, USA. *Medical Data Analytics Centre, Department of Medicine and Therapeutics, The Chinese University of
Hong Kong, Hong Kong, China. ®University of Paris-VIl, Department of Hepatology, Hopital Beaujon, Clichy, France.
"Department of Biochemistry, Cell and Systems Biology Institute of Systems, Molecular and Integrative Biology,
University of Liverpool, Liverpool, UK. ®Department of Pediatrics, Division of Gastroenterology, Hepatology and
Nutrition, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA. °NIHR Newcastle Biomedical
Research Centre, Newcastle upon Tyne Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK. °Translational
and Clinical Research Institute, Faculty of Medical Sciences, Newcastle University, Newcastle upon Tyne, UK.
"The Global Center for Liver Outcomes & Policy Research (G-CLORP), Georgetown University School of Medicine,
Washington, DC, USA. Division of Gastroenterology, Hepatology, and Nutrition, Department of Pediatrics,
University of California San Diego School of Medicine, La Jolla, CA, USA. ®Department of Gastroenterology, Rady
Children’s Hospital, San Diego, CA, USA. “Center for Outcomes Research in Liver Disease, Washington, DC, USA.
e-mail: szelber-s@univ.haifa.ac.il

Adults

Older adults

New pharmacological
treatments

Bariatric surgery across the
lifespan

Conclusions

Nature Reviews Gastroenterology & Hepatology


http://www.nature.com/nrgastro
https://doi.org/10.1038/s41575-026-01198-5
http://crossmark.crossref.org/dialog/?doi=10.1038/s41575-026-01198-5&domain=pdf
http://orcid.org/0000-0002-3371-6086
http://orcid.org/0000-0002-6715-8588
mailto:szelber-s@univ.haifa.ac.il

Review article

Key points

o Metabolic dysfunction-associated steatotic liver disease (MASLD)
develops across the lifespan, beginning as early as fetal life, and calls
for prevention and treatment approaches tailored to age-specific
biological, social and environmental factors.

e Pregnancy and early childhood represent critical windows for
MASLD prevention, whereby maternal health, nutritional and
psychosocial environment can influence offspring liver health and
lifelong metabolic risk.

o Paediatric MASLD exhibits distinct genetic, histological, and

clinical patterns, demanding early screening in high-risk children and
family-centred lifestyle interventions sensitive to developmental, social
and cultural factors; alcohol consumption should be assessed.

¢ In adults, holistic lifestyle modifications, including diet quality,
physical activity, alcohol consumption and behavioural support,
remain first-line therapy for steatotic liver disease (SLD), with precision
strategies guided by genetics, comorbidities and personal preferences
enhancing efficacy.

¢ MASLD management in older adults must address sarcopenia, frailty,
multimorbidity and polypharmacy, balancing diet and activity with
functional capacity, safety and preservation of quality of life.

o A life course approach in MASLD and/or SLD care, supported by
public health policy, clinical guidelines and emerging therapeutics,
offers the greatest potential to reduce global disease burden and
improve outcomes.

Introduction
Many of the health problems encountered in adulthood stem from
experiences early in life, in some cases, even before birth. The major
non-communicable diseases (NCDs) (diabetes, cardiovascular diseases,
cancer, chronic respiratory diseases and mental health conditions)
are most often seen in older individuals, but the evidence suggests
that they areinitiated early and affect people across the lifespan’. This
scenariois alsorelevant to the steatotic liver disease (SLD) spectrum,
whichincludes metabolic dysfunction-associated SLD (MASLD; in this
paper, we adopt the uniform term MASLD, whereas in the tables sum-
marizing specific studies, we have kept the term used in the original
papers), metabolic and alcohol-related liver disease (MetALD), and
alcohol-related liver disease (ALD), an under-recognized NCD. How-
ever, current evidence suggests that SLD is not a static disease with
three fixed categories, but rather a dynamic and overlapping spec-
trum depending on the amount of alcohol consumed or the control
of co-existing metabolic abnormalities over time”. This Perspective is
supported by data suggesting that some patients with MASLD might
under-report theiralcohol consumption®~ and thatalcohol intakeis a
dynamicbehaviour that varies substantially throughout the lifespan®’.
NCD prevention is most effective when it addresses root causes
early in life’. The life course approach is a comprehensive strategy
that considers health needs across all stages of life, from infancy to
old age. It is endorsed by the WHO in its Global Action Plan for the
Prevention and Control of NCDs®’. This approach takes into account

both temporal (lifespan) and societal factors, recognizing that health
isshaped not only by individual choices but also by intergenerational
influences such as genetics, social environment and early childhood
development’.

Prevalence and burden of SLD across the lifespan
Global burden across age groups

The Global Burden of Disease (GBD) Study 2021 methodology ena-
bles the globalburden to be captured across all age groups. However,
some limitations should be noted. The accuracy and completeness of
the GBD database could be hindered by variations in data collection
and reporting standards across different countries and regions, and
low-income countries might under-report the incidence and preva-
lence rates of MASLD or ALD, which could lead to underestimation
of the exact rates™.

Between 2010 and 2021, global MASLD cases rose from 944.86 mil-
lionto1.27billion, with the prevalence increasing from 14.05%t0 16.63%
(Fig.1a; Supplementary Table1). Thisincrease was noted across all age
groups, starting from the age of 15 years through to older populations
(=65 years of age).In2021, among adults aged 45 years and above, the
prevalence of MASLD exceeded 25%, continuously increasing with age
and peaking at 38% among those aged 75-79 years, and reducing from
the age of 80 years (Fig. 1a; Supplementary Table 1). The prevalence
of MASLD among adolescents (15-19 years of age) and young adults
(2024 years of age) was already substantial (5.15% and 9.97% in 2010,
respectively, increasingto 5.52% and 10.77%in 2021), highlighting the
early onset of disease and the potential for long-term health conse-
quences (Fig. 1a). However, GBD estimates for adolescents should be
interpreted with caution. Paediatric MASLD data are sparse, and the
GBD modelling framework extrapolates from adult data and covari-
ates such as BMI prevalence, which could lead to underestimation
of the true burden in youth. This aspect probably explains why the
modelled prevalence among adolescents is substantially lower than
estimates from population-based studies such as the National Health
and Nutrition Examination Survey (NHANES) in the USA, where 11.3%
ofadolescentsaged 12-18 years met the criteria for suspected MASLD
in2017-2023 (ref. 11).

The global prevalence of ALD increased modestly from 2.67 mil-
lion cases (0.038%) in 2010 to 3.15 million (0.040%) in 2021 (Fig. 1a;
Supplementary Table 2). In 2021, individuals aged 60-74 years had
the highest prevalence (0.132%) (Fig. 1a). Although the burden on
young adults was substantially lower, ALD was not absent. In 2021,
an estimated 27,100 young adults aged 20-24 years were affected by
ALD. Notably, GBD estimates for adolescents should be interpreted
with caution, as no comprehensive surveillance systems exist to
directly measure ALD prevalence in young people, and available data
are sparse.

Age-specific prevalencein the USA

Based on NHANES 2017-2023 data, the prevalence of MASLD increased
with age, peaking at 42.64% (95% C138.82-46.46%) among adults aged
50-59years before declining slightly in older age groups (Fig. 1b; Sup-
plementary Table 3). MetALD and ALD were lesscommon overall, with
the highest prevalence observed in adults aged 60-69 years (3.05%
(95% C11.61-4.50%)) and 50-59 years (2.14% (95% C11.21-3.06%)),
respectively. Among adolescents aged 12-18 years, 14.70% (95% CI
12.32-17.09%) met the criteria for SLD, although subtype differentia-
tion was not possible due to lack of alcohol consumption data (Fig. 1b;
Supplementary Table 3).
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a Global age-specific prevalence of MASLD and ALD (2010, 2021)
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Fig.1|Age-specific burden of steatotic liver disease. a, Global age-specific
prevalence of metabolic dysfunction-associated steatotic liver disease
(MASLD) and alcohol-related liver disease (ALD) and trends from 2010 to
2021.b, Age-specific prevalence of MASLD, metabolic and alcohol-related

liver disease (MetALD) and ALD in the US Population (2017-2023). Data

were obtained using vibration-controlled transient elastography; steatosis

was defined as controlled attenuation parameter >280 dB/m and subtypes
classified according to the American Association for the Study of Liver Diseases

guidance'. For ages 12-18 years, only overall SLD is reported due to unavailable
alcohol consumption data in public-use files. Data in part a and Supplementary
Tables1and 2 were obtained from the Global Burden of Disease Study 2021,
were provided by the Institute for Health Metrics and Evaluation (IHME) and

are available through the GBD results tool. Datain part b and Supplementary
Table 3 were from the National Health and Nutrition Examination Survey
(NHANES) 2017-2023, and are publicly available from the Centers for Disease
Control and Prevention (NHANES).
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MASLD versus MASH

Although approximately one-third of the global adult population is
affected by MASLD and faces anincreased risk of cardiovascular mor-
tality, only about 5-7% progress to metabolic dysfunction-associated
steatohepatitis (MASH), the subtype of MASLD associated with asub-
stantially higher risk of progressive liver disease, including cirrhosis,
hepatocellular carcinoma (HCC) and liver-related mortality™. From
a public health standpoint, it is critical to increase awareness of the
entire MASLD spectrum and addressits effects across all stages of life.
However, itisequally important to recognize that the true liver-specific
disease burden lies with MASH, which accounts for the most severe
liver-related outcomes (cirrhosis, HCC and liver-related mortality)
among individuals with MASLD".

Pregnancy-infancy-toddler and relation to MASLD
Maternal and offspring health

Data from the United States National Inpatient Sample (18,574,225
pregnancies) indicate anearly threefold increase in MASLD prevalence
during pregnancy from2007 to 2015 (10.5t0 28.9 per 100,000 pregnan-
cies)". Inalarge retrospective cohort study, MASLD in pregnancy has
beenindependently associated (adjusting for age, race or ethnicity,
multiple gestation, pre-pregnancy diabetes, obesity, dyslipidaemiaand
hypertension) with hypertensive complications, postpartumhaemor-
rhage and preterm birth, supporting its consideration as a high-risk
obstetric condition for pre-conception and pregnancy counselling™.
Importantly, although maternal obesity during the peripartumperiodis
amajor contributor to adverse offspring outcomes, including MASLD,
maternal MASLD itself has beenlinked to anincreased risk of preterm
birthand low birthweight, independent of BMl and diabetes”. Because
both prematurity and low birthweight are established risk factors for
youth-onset MASLD, these findings underscore an obesity-independent
relationship between maternal and offspring MASLD'*".

It is established that a woman’s nutritional status during the
pre-conceptionand prenatal periods influences her offspring’s health
and susceptibility to NCDs later inlife'. Low birthweight combined with
early catch-up growth is associated with early obesity and could be a
risk factor for MASLD'. In children and adolescents with biopsy-proven
MASLD, high birthweight was linked with steatosis, whereas low birth-
weight or small for gestational age was associated with fibrosis and
steatohepatitis'®". Hepatic steatosis can develop as early as in utero,
particularly inthe setting of maternal obesity, diabetes or dyslipidae-
mia, asshownin humanimaging and/or autopsy studies and in animal
models®™. In the fetus, marginal de novo lipogenesis rates and late
adipose tissue development (subcutaneous fat depots develop after
24 weeks of gestation) render maternal lipids the primary source of
intrahepatic fat”. Thus, factors that influence the maternal lipidome,
suchasdietary intake and cardiometabolic health, determine the risk
of MASLD in offspring?.

Epidemiological data from cross-sectional and prospective
birth cohort studies performed across the globe link pre-pregnancy
obesity, rapid weight gain during pregnancy, maternal early preg-
nancy glucose concentrations, and gestational diabetes mellitus with
increased risk of childhood hepatic steatosis®* %, Fromamaternal diet
perspective, specifically increased total and simple sugar intake, high
saturated fat intake as well as a pro-inflammatory diet during preg-
nancy, are associated with a greater prevalence of hepatic steatosis
in the offspring, whereas high-fibre, or Mediterranean style, diets
are protective”. Interestingly, in longitudinal studies in non-human
primates, among all gestational exposures examined, amaternal diet

high in total fat and saturated fat, or a Western-style diet rich in both
fatand sugars, emerged as the strongest drivers of MASLD, particularly
hepatic fibrosis, in offspring°.

Thereisadearth of humanstudies on pregnancy-focused lifestyle
interventions to prevent steatosis in offspring; however, animal data
suggest that pre-pregnancy weight loss or dietary changes, as well as
physical activity during pregnancy, can be protective®>*. Mechanisms
linking gestational exposures to MASLD in offspring are under active
investigation®. Animal studies have indicated that maternal diet dur-
ing pregnancy induces epigenetic modificationsin the offspring that
contribute to altered hepatic lipid handling and oxidative stress that
can predispose to MASLD (for example, via alterations in peroxisome
proliferator-activated receptor (PPAR) signalling, impaired glucose
tolerance and antioxidantsignalling)*****. These processes are further
amplified by postnatal exposure to a high-fat diet, as shown in experi-
ments in mice and primates®****, Additionally, animal and transla-
tional studies have indicated that maternal diet-induced epigenetic
programming of the offspring’s developing immune system, together
with obesity and diet-associated microbial dysbiosis (changes in the
composition of the gut microbiota), further predispose children to
MASLD****, This predisposition to MASLD in offspring is supported
by evidence in mice of persistent epigenetic changes in genes involved
in lipid handling and energy expenditure (for example, Ppargclb),
aswell as celladhesion, communication and inflammation (for exam-
ple, Vwfand Ephb2), and upregulation of profibrogenic pathways in
offspring fed a high-fat diet subsequent to exposure to a high-fat diet
during gestation*’. Placental function is also key, as the amount and
type of lipids that cross to the fetus are regulated by the placenta in
humans***, Maternal obesity is characterized by lipidomic changes
and placental inflammation that favour transplacental lipid transport,
contributing to fetal overgrowth and hepatic lipid accumulation*. In
summary, maternal health during pregnancy, as well as early dietary
and microbial exposures of the offspring, can predispose them to the
spectrum of MASLD through several direct (nutrient delivery) and
indirect (epigenetic changes) mechanismsthat drive the development
of steatosis, inflammation and fibrosis.

Prenatal exposure to ethanol has also been linked to adverse car-
diometabolic and hepatic outcomes. Preclinical studies have linked
in utero exposure to ethanol with increased offspring adiposity, dys-
lipidaemia and insulin resistance. Studies in mice have shown that
ethanol exposure, even when limited to the early stages of pregnancy,
leads to decreased energy expenditure in the offspring and increased
adiposity*®. Importantly, in rodents, periconceptional ethanol con-
sumption causes liver injury in the offspring, as shown by oxidative
stress, apoptosis and steatosis**°.

Maternal stress and psychosocial adjustment during and after
pregnancy can markedly influence a child’s long-term health®, includ-
ing the risk of developing MASLD. Although direct studies linking
maternal postpartumstress to MASLD in offspring are limited, existing
research highlights several interconnected pathways through which
maternal well-being affects the child’s metabolic health. For example,
postpartum depression affects approximately 13% of new mothers and
candisrupt mother-infant bonding®. Infants of mothers with postpar-
tum depression often exhibit behavioural issues, sleep disturbances
and feeding problems®. Inaretrospective cohort of 553 children aged
6-12yearsin Poland, maternal exposure to more than one self-reported
stressful event during pregnancy was associated with a twofold higher
odds of high body fat in the child (that is, above the 85th percentile
onthebody fat curve) compared with no reported maternal stress™.
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Infants and toddlers

The first 1,000 days of life spanning from conception to 2 years of
age, and the following 1,000 days of a child’s life from 2-5 years of age
representa critical window of opportunity to promote nurturing and
supportive environments, establish healthy behaviours, and healthy
growthand development, with the potential prevention of obesity and
NCDs in adulthood®. Postnatally, breastfeeding’® and early weight gain
areamong the main determinants of MASLD risk in childhood. At least
6 months of breastfeeding might protect against MASLD in childhood
based on asystematic review of the literature”. Conversely, accelerated
weight gain in the first 3 months of life, and also after the first year of
life, hasbeen associated with MASLD in childhood and young adulthood
instudies from Northern Europe™*.

Most of the literature focusing on physical activity in infants and
toddlersis based onimproving general health and/or preventing obe-
sity, and does not specifically target MASLD*’. However, there is a
clear importance of promoting physical activity from an early age,
andtheinfluence of parents or carers and the environment, including
child-care settings, on physical activity promotion®’. Physical activ-
ity recommendations across all age groups are presented in Table 1.
Inaddition, interventions aimed at developing appropriate sleep habits
frombirth could attenuate the risk of childhood obesity®’, although the
direct effect on MASLD risk in childhood is not yet known.

In summary, pregnancy and early childhood represent a critical
yet under-investigated window for preventive interventions that could
reduce the long-term risk of MASLD development.

Childhood and adolescence

Genetic predisposition and clinical presentation

There are differences between paediatric and adult MASLD presenta-
tions suggesting that genetic and epigenetic factorsinfluence the ear-
lier onset of hepatic steatosis in childhood and increase susceptibility
to progression from steatosis to steatohepatitis and fibrosis®. Children
typically have fewer comorbidities and risk factors for MASLD than
adults®?, and prevalence estimates of MASLD in the general paediatric
population (7.4%, 95% C1 4.2-12.8%)® are much lower than in adults.
However, data from the USA indicate a notably higher burden among
adolescents and young adults, with an overall MASLD prevalence of
18.5%.Notably, prevalence increases with age, and is consistently higher
in male than in female young people: 15.1% versus 11.3% of those aged
12-17 years, 21.1% versus 16.2% of those aged 18-24 years, and 28.7%
versus 19.2% of those aged 25-30 years (all P< 0.03)**. GBD data fur-
ther supportthese trends, suggesting that rising global prevalence of
chronicliver disease among adolescents and young adults is primarily
driven by increases in MASLD®,

In paediatric MASLD, histological patterns differ fromthose seen
in adults, with a higher frequency of portal-predominant injury. This
zonelpattern, defined by periportal steatosis with portal inflammation
and fibrosis, was first described in children by Schwimmer et al. as a
distinct form of steatohepatitis compared with the zone 3 perisinusoi-
dal pattern typical of adults®. Africa et al. compared 813 children with
exclusive periportal (zone 1) versus pericentral (zone 3) steatosis and
found thatyounger age was the strongest predictor of zone 1 steatosis,
and that this pattern carried more than twice the odds of advanced
fibrosis compared with zone 3. Zone 1 steatosis was linked to higher
rates of portalinflammation, fibrosis of any grade, and advanced fibro-
sis, whereas zone 3 steatosis was more often associated with balloon-
ing, higher MASLD activity score and definite steatohepatitis®’. Data
from the CyNCH clinical trial (n =169) further suggest that zonality

influences therapeutic responsiveness, with children who had zone 1
steatohepatitis showing greaterimprovement with cysteamine bitar-
trate delayed-release than those with zone 3 disease®®. Together, these
findings highlight that steatosis zonality is not only amarker of distinct
disease biology but is also a potential determinant of prognosis and
treatment response.

As reviewed in detail elsewhere®, the most frequently examined
genetic variant, the I148M variant (rs738409) in the patatin-like phos-
pholipase domain-containing protein 3 (PNPLA3) gene, hasbeen con-
firmed in multiple paediatric populations (in US, China, Mexico and
Europe) to be positively associated with higher alanine aminotrans-
ferase (ALT) levels, steatosis and histological severity, but the level
and consistency of evidence for steatosis and histology are limited. In
adults, this genetic variant, which leads to the accumulation of triglyc-
eride in hepatocytes, has been established as the most common and
impactful geneticrisk factor influencing MASLD risk and progression
across populations of different ethnicity worldwide”*”.

Other genetic variantsrobustly associated with the development
and progression of MASLD and other liver diseases in multiple adult
populations’>”* have also been investigated in children. In particular,
thers58542926 variant of the transmembrane 6 superfamily member 2
(TM6SF2) gene hasbeen associated with higher steatosis levelsin Italian
and US paediatric cohorts diagnosed by ultrasonography”, MRI>”® and
histology”’. A meta-analysis of six studies in children and adolescents
and 14 studies in adults suggested that the association between the
TM6SF21rs58542926 single nucleotide polymorphism and MASLD are
stronger in children (OR 2.87,95% Cl1.85-4.46) thaninadults (OR1.62,
95% C11.40-1.86)".

In summary, although familial aggregation and candidate gene
studies have established the heritability of MASLD, to date, only a
handful of studies in children have taken a genome-wide approach to
finding genetic risk factors for MASLD. A substantial portion of the
heritability remains unexplained, but some might be attributable to
epigenetic mechanisms influenced by environmental exposures during
the prenatal and postnatal periods®.

Screening for MASLD in children and adolescents
and clinical practice
Overweight and obesity are major risk factors for MASLD in childrenand
adolescents. Prevalenceis highestin peripubertal boys with overweight
(BMI =85th percentile for age and sex) or obesity (=95th percentile)
compared with peers witha healthy weight, and remains higherinboys
than in girls with the same BMI”°. Rapid weight gain further increases
risk, particularly in children with obesity”. MASLD often clusters within
families affected by obesity, insulin resistance, type 2 diabetes mellitus
or MASLD itself, and such histories should heighten clinical suspicion”.
Recommendations for screening and assessment of MASLD in
children have been addressed in clinical practice guidelines, interna-
tional consensus and practice statements published between 2017
and 2025, and are summarized here®"®2, Screening for MASLD should
be performed in children aged >10 years with overweight or obesity
or cardiometabolicrisk factors (such as type 2 diabetes mellitus, dys-
lipidaemia or hypertension), or a family history of MASLD. Screening
might also be considered in younger children with these risk factors,
although optimal ALT thresholds are less well validated in children
<10 years of age. Serum ALT is the recommended screening tool due
toitsavailability, cost-effectiveness and validated performance in this
age group; the optimal cut-off values for individuals >10 years of age
are >22 U/Ifor girls and >26 U/I for boys, and >30 U/l has been used
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Table 1| Physical activity and exercise recommendations and implementation by age group

Features Infants and toddlers Children and adolescents Adults Older adults (265 years)
Practical For overall health, the WHO The WHO physical activity guidelines for Engaging in regular physical Aiming for >30min per day of moderate intensity
recommenda- recommends >30min of physical  children and adolescents recommend aiming activity (2150 min of moderate physical activity or exercise on most, preferably
tions activity daily for infants and for 260 min of moderate-to-vigorous physical activity or 275 min of vigorous all, days™
>180min per day for toddlers®* activity each day and strengthening exercise activity each week)'°%* Targeting falls prevention (e.g., UK guidance:
Toddlers can also spend a with or without more vigorous activities on Reducing the total time spent Falls) and incorporating regular balance,
substantial time in sedentary 23 days per week to improve general physical sitting, and breaking up long strengthening exercises and aerobic training
activities?®, which should be and mental health periods of sitting'*® within the exercise prescription is key
reduced Reducing sedentary behaviour, with a particular  \as| D management should The prevalence of sarcopenia increases with
It is recommended that screen focus on limiting screen time (<2h per day, not include physical activity and ageing®® and it is important to adapt and tailor
time is avoided and time spent including screen time for school tasks)**’ exercise in a bid to target physical activity programmes and also consider
restrained is limited (e.g., in These recommendations also apply to children sarcopenia'® age-related comorbidities
strollers, car seats or high chairs)  and adolescents with MASLD® In patients with sarcopenic For patients whose environments are not
to no more than 1h per day*®® Engagement can be through various obesity, it is vitally importantto ~ conducive to outdoor activity and exercise, or
Parental engagement is critical age-appropriate activities, from free play to maintain or improve physical with poor balance or who are unsteady on their
in modelling a healthy lifestyle: school-based activities and sports® activity levels, incorporating feet, chair-based exercises can be offered as an
maternal physical activity with The recommended daily amount of moderate regular resistance exercise, alternative””
infants at 9 months predicts to vigorous physical activity for children for alongside adequate protein Home-based exercise programmes are a viable
toddlers’ physicz{l activity levelsat  »60min equates to 13,000-15,000 steps per intake to pre\{ent loss of and safe option for patients with liver disease”°2
19months of age®= day for boys and 11,000-12,000 steps per day muscle mass Ensuring the environment is free from trip
Establish early physical activity for girls™® hazards, with good temperature control and
behaviours to promote healthy lighting, is important when promoting safe
growth and development™*° physical activity participation
Assessments Not applicable Brief clinic-based assessments of physical A screening tool, the Physical Screening for sarcopenia is recommended for the
activity?”® as in this publication, the Paediatric activity readiness questionnaire  care of older people with MASLD using tools such
Physical Activity Vital Sign (Peds PAVS), andthe (2023 PAR-Q+) provides a level as Strength, Assistance in walking, Rise from a
Lifestyle and health risk questionnaire of confidence to patients and chair, Climb stairs, and Falls score (SARC-F) and
health-care professionals thatit  the Duke Activity Status Index (DASI) for
is safe to begin physical activity ~ estimating functional capacity
or exercise
Assessment of physical activity
engagement tool and advice:
ACSM: Physical Activity Vital Sign
Implementation  Published recommendations Tailored strategies incorporating reassurance Innovative digital technologies Consider age-related barriers to physical activity
are useful as a guide to parents from health-care professionals are key that include self-monitoring, participation for older adults
and carers targeting movement  actjvity plans should consider the child's personalized goal setting and Psychological aspects, including loneliness, loss
throughout the day through baseline level of fitness, comorbidities, personal ~ feedback on progress may of partners and friends, access to transport and
family-based activities; for preferences, time constraints, socioeconomic help to promote long-term facilities, cost and lack of accessible and safe
example, physical activity circumstances and access to physical activity adherepce to physical activity open spaces, can be a big hurdle for increasing
guidelines in the UK recommend options®?’* plans?>?’® physical activity levels
230m|rT flmmatnefaciosstic For children not meeting guidelines, gradually Online communities providing Coghnitive, visual, and hearing decline, coupled
?;g:l:r;i?\fi 4 \;e:]r 3f ';?er,“and increase activity in ways the child enjoys”® group-based er?éourafgement with increasing levels of anxiety and depression
YO 9 eme SerstenEb e sl st and accountability might also in older adults, may also affect motivation for
across the day for children i I 21177 "l help to sustain behaviour lifestyle ch
1-5 years of age (UK guidance: assessment and counselling into clinical X ifestyle changes
" L Al ractice”*: changesinticlonoertern Tailored lifestyle advice or interventions, which
Physical activity guidelines: early ~ P : (e.g. myfitnesspal: Nutrition . ) y‘ Z
years (under 5s)) (1) Ask about physical activity frequency and tracking for real life; STRAVA: include [MEERHES and§upport syy/stem§, also
Information is available to duration and enjoyment Community-powered 'need t.o cons@er el |r1d|\{|duals SR,
support families and early care or  (2) Assess physical literacy: assess the patient motivation) but are yet to be e e e SEeE e S Gl A i
X N [ L X . X . personal preferences, to ensure that the changes
education settings to encourage  and family interest in discussing physical tested in large-scale evaluations . L . 00277
L X S . X discussed are realistic and achievable™
movement for toddlers by activity; if not interested, provide information in MASLD
incorporating active play and on the benefit of physical activity; if interested,
walking into daily routines discuss the reason for interest and establish a
(e.g. CDC: Preventing childhood specific, attainable incremental goal
obesity) and tools available to (3) Connect the patient and/or family to
help develop physical activity resources
programmes (for example, (4) Schedule an appointment to discuss
Move Your Way) achievement towards goal, discuss obstacles
and establish new goals
Other factors Liver disease is frequently accompanied by societal stigma or stigma related to obesity or other comorbidities?”. Individuals with obesity are often perceived as having
to consider caused their condition through ‘bad’ lifestyle choices, leading to moral judgements such as lack of self-discipline or willpower, an attitude that undermines self-efficacy,

treatment seeking, motivation and success

278-282

To reduce stigma, emphasize the role of environmental, genetic and socioeconomic factors in the aetiology of liver diseases. Individuals with obesity should be educated
that liver diseases, much like heart or kidney diseases, result from a complex interplay of various factors, many of which are beyond their control*®

Use non-stigmatizing people-first language
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statement: Ending stigma and discrimination)

, use non-stigmatizing terms to describe liver disease and avoid stigma and discrimination in clinical practice (see EASL policy

EASL, European Association for the Study of the Liver; MASLD, metabolic dysfunction-associated steatotic liver disease.

Nature Reviews Gastroenterology & Hepatology


http://www.nature.com/nrgastro
https://www.gov.uk/government/publications/falls-applying-all-our-health/falls-applying-all-our-health
https://www.gov.uk/government/publications/falls-applying-all-our-health/falls-applying-all-our-health
https://intermountainhealthcare.org/ckr-ext/Dcmnt?ncid=528096659
https://www.nasm.org/content/dam/nasm/docs/nasmlibraries/pdf/parq-plus-jan-2023-image-file.pdf
https://www.nasm.org/content/dam/nasm/docs/nasmlibraries/pdf/parq-plus-jan-2023-image-file.pdf
https://www.nasm.org/content/dam/nasm/docs/nasmlibraries/pdf/parq-plus-jan-2023-image-file.pdf
https://www.exerciseismedicine.org/wp-content/uploads/2021/04/EIM-Physical-Activity-Vital-Sign.pdf
https://www.mdcalc.com/calc/3910/duke-activity-status-index-dasi
https://www.gov.uk/government/publications/physical-activity-guidelines-early-years-under-5s
https://www.gov.uk/government/publications/physical-activity-guidelines-early-years-under-5s
https://www.gov.uk/government/publications/physical-activity-guidelines-early-years-under-5s
https://www.cdc.gov/obesity/family-action/index.html
https://www.cdc.gov/obesity/family-action/index.html
https://odphp.health.gov/moveyourway/get-kids-active
https://www.myfitnesspal.com/
https://www.myfitnesspal.com/
https://www.strava.com/
https://www.strava.com/
https://www.strava.com/
https://easl.eu/wp-content/uploads/2025/06/EASL-Policy-Statement-Ending-stigma-and-discrimination.pdf
https://easl.eu/wp-content/uploads/2025/06/EASL-Policy-Statement-Ending-stigma-and-discrimination.pdf

Review article

in population-based studies in younger children®. Children inciden-
tally found to have hepatic steatosis on imaging should also undergo
ALT testing. MRI-proton density fat fraction (MRI-PDFF) is the most
accurate modality for quantifying hepatic steatosis, but is not rec-
ommended for population screening because of cost and accessibil-
ity constraints; ultrasonography and vibration-controlled transient
elastography (VCTE) with controlled attenuation parameter lack suf-
ficient validation for screeningin childrenand adolescents. Magnetic
resonance elastography is the most validated non-invasive modality
for detecting advanced fibrosis in children, but all elastography meth-
ods, including VCTE and ultrasound shear wave elastography, require
further longitudinal validation for monitoring fibrosis progression
or regression in MASLD in children and adolescents. Adult-derived
non-invasive tests such as the Fibrosis-4 index (FIB-4) and the enhanced
liver fibrosis score perform poorlyin adolescents, and have uncertain
accuracy in young adults <35 years of age®*.

Children with MASLD should be evaluated for cardiometabolic
comorbidities at diagnosis and monitored regularly thereafter™505555,
Screening for type 2 diabetes mellitus should be performed at diagno-
sis and annually — or sooner if symptoms or laboratory findings raise
concern —using fasting plasmaglucose and/or haemoglobin Alclevels,
inaccordance with American Diabetes Association criteria. Lipid screen-
ing should be performed at diagnosis and repeated at intervals consist-
entwith current paediatric lipid guidelines®>*. Blood pressure should be
measured at every clinical encounter, with hypertension defined using
age, sex and height-specific percentiles (or >130/80 mmHg for adoles-
cents =13 years of age). Assessment for obstructive sleep apnoeashould
be performedinall children with MASLD through targeted history and,
whenindicated, polysomnography®’. Identification and management
of these comorbidities are critical, as they contribute to long-term
morbidity and mortality, and might accelerate MASLD progression®’.

Lifestyle treatment of children with MASLD

Dietary treatment. Similar to adults, lifestyle interventionis the corner-
stone and the first-line treatment for paediatric patients with MASLD.
The American Association for the Study of Liver Diseases (AASLD)
practice statement published in 2025 recommends a comprehensive
approachthatreducesadded sugars (including sugar-sweetened bev-
erages and high-sugar foods), promotes balanced, age-appropriate
dietswithincreased fruit and vegetable intake, limits ultra-processed
foods (UPFs), and encourages appropriate portion sizes®>. Similar
recommendations are provided by the Indian Society of Pediatric
Gastroenterology, Hepatology and Nutrition (ISPGHAN)®*®. In a ran-
domized controlled trial (RCT), a low free sugar diet (restricting
added sugars to <3% of total energy) resulted in substantial reduc-
tions of 8% (25% to 17% versus 21% to 20% in the usual diet group) in
hepatic fatin adolescents with MASLD, independent of weight loss®.
UPFsarebranded, commercial formulations made from cheap ingredi-
ents extracted or derived from whole foods, combined with additives,
and mostly contain little tono whole food’°. Dietary patternsinvolving
the consumption of high amounts of UPFs have been associated with
poor diet quality and health outcomes, and are displacing healthier
dietary patterns (meals and dishes prepared with fresh and minimally
processed foods) in most parts of the world”. Tailored multidiscipli-
nary lifestyle counselling should include behaviour supportand consid-
eration of individual, family, cultural and socioeconomic determinants.
Assessing food insecurity, mental health and other social determinants
of health (SDOH) could identify potential barriers to adherence and
guide targeted support®> %,

A summary of the latest trials in children and adolescents with
MASLD and nutritional and lifestyle interventions can be foundin Sup-
plementary Table 4. These studies mark an important foundation for
the field, demonstrating that lifestyle modification can meaningfully
improve markers of liver healthin children. At the same time, most have
been limited by small sample sizes, short follow-up and reliance on
non-invasive surrogate measures rather thanliver histology or validated,
quantitative measures such as MRI-PDFF. Building on this progress will
requirelarger, longer-termtrials with rigorous diagnostic and outcome
standardstotranslate early promiseinto definitive, evidence-based guid-
ance for clinical practice. Box 1describes SDOH barriers and potential
facilitators for a healthy lifestyle among children and families.

Asdiscussed above, the risk of MASLD is influenced by genetic vari-
ants that modulate hepatic fat accumulation, with some data suggest-
ing that these variants could interact with diet. For example, PNPLA3
polymorphism in children has been shown to interact with diet.Ina
study among 59 Hispanic adolescents with obesity, only participants
with the PNPLA3 GG genotype exhibited a positive association between
total fatintake, monounsaturated fatty acids and polyunsaturated fatty
acids (PUFAs) and liver fibrosis®. Inabigger cohort of 153 Hispanic chil-
dren, hepatic fat fraction was positively correlated with carbohydrate
and total sugar intakes only in the GG group?®. Similarly, ina cohort of
114 Latinx adolescents, the association between total sugar, fructose,
sucrose and glucose consumption and liver stiffness was statistically
significant only among those with the GG genotype”. In the clinical
practice setting, genetic testing is agood opportunity to counsel onthe
potential genetic predisposition of family members and to reinforce
the importance of maintaining a healthy diet at the household level.
However, this approachis not current standard practice.

Parentalinfluences on children’s eating and physical activity, and
consequently ontheir weight, are fundamental. In a study among fami-
lies from low socioeconomic status regions in six European countries
(Belgium, Finland, Greece, Spain, Bulgariaand Hungary) thatincluded
7,397 children 4-12years old and their parents, being physically active
with the child was associated with reduced obesity risk, whereas omis-
sion of breakfast and high fresh fruit juice consumption seemed to
increase childhood obesity risk. Also, parental control of children’s
screen time was linked with lower childhood obesity risk. These find-
ings emphasize the necessity for family-centred approachesin health
promotion and obesity prevention programmes for children. Such
programmes should focus on parents as the primary role models in
exerting a positive influence and encouraging healthy habits’ %,

Physical activity and exercise. Physical activity is a critical component
of the management of MASLD in children and adolescents®*%*%¢ The
2025 AASLD practice statement recommends that children engage in
regular moderate-to-vigorous physical activity and limit recreational
screen time to less than 2 h per day®’. The ISPGHAN 2024 practice rec-
ommendations recommend moderate to high intensity exercise for an
average of 60 min per day for children and adolescents with MASLD®S,
Although this guidance is supported by strong evidence for overall
healthin childrenand adolescents, comparable data specificto MASLD
aresparse. Theavailableliterature rarely defines optimal type, intensity
or duration of exercise for this condition. Individualized activity plans
that consider a child’s abilities, preferences and home environment
couldhelp supportadherence, build confidence, address barriers and
encourage sustainable behaviour change®>'%',

In their systematic review, Smith et al.'”” evaluated 16 interven-
tional studies of exercise in children and adolescents relevant to
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Box 1| Social determinants of health as barriers to a healthy lifestyle among families

What are the challenges?

¢ Social determinants of health (SDOH) are the forces and
systems (economic policies and systems, development agendas,
social norms, social policies and political systems) shaping the
conditions in which people are born, grow, work, live and age®*.

e Families from low socioeconomic populations are more
likely to have food insecurity*°*#?#3% and live in food
deserts with poor access to healthy foods®*; both factors are
related to metabolic dysfunction-association steatotic liver
disease (MASLD).

e Food insecurity means the inability to purchase adequate
amounts of healthy foods, and is associated with low intakes of
vegetables and fruits, and higher consumption of energy-dense
foods high in sugar, saturated fat and salt, and ultra-processed
foods (UPFs)®.

¢ Children living in impoverished areas, especially in industrialized
regions, are at higher risk of exposure to endocrine-disrupting
chemicals through pollutants and plastics in the packaging
of foods®*, some of which cause obesity and other metabolic
disorders, including MASLD?*?7-%%,

¢ Parents who have not completed high school might have a
lack of health literacy, which is an obstacle to effective lifestyle
counseling®.

e Structural racism restricts certain racial or ethnic groups to live
in more impoverished areas, with targeted marketing of UPFs and
sugar-sweetened beverages.

MASLD. Across these studies, aerobic, resistance or combined train-
ing produced modest absolute reductions in hepatic steatosis of 1-3%
insometrials, with little to no changeinliver chemistries. Few studies
used validated quantitative imaging such as magnetic resonance spec-
troscopy (MRS) or MRI-PDFF, and none incorporated liver histology.
Methodological heterogeneity, variable outcome measures, and fre-
quent risk of bias further limit the strength of the evidence”. Address-
ingthese gapsisa critical research priority because exercise is already
acornerstone of MASLD management, yet clinicians currently lack the
high-quality, disease-specific dataneeded to prescribe it with precision
and confidence.

Practical advice for physical activity is described in Table 1. A sys-
tematic review of reviews'® showed that higher levels of screentime
among childrenand adolescents are associated with increased adiposity,
unhealthy diet, depressive symptoms and reduced quality of life. Strate-
giestoreduce sedentary behaviours should, therefore, be a key part of
treatment. Understanding children’s preferences for physical activity
and/or exercise and barriers is crucial forimplementation'®’. Amulticen-
tre survey among childrenliving with MASLD in the USA (n = 408; aged
8-18 years)'** found that barriers to physical activity were “too much
homework” (18%), “not enough time” (16%), alack of interest (16%) and
alack ofaccessto physical activity (13%). A small Canadian study (n = 25)
foundthat barriers to physical activity include fatigue, discomfort, fear
of injury and ridicule'®. In addition, structural determinants of health
and SDOH affect the ability of children, adolescents and the wider family
unit to participate in ‘healthy behaviours’, including physical activity
and exercise®” (Box1).

e Many children and families with MASLD cannot afford to attend
leisure facilities or exercise classes due to a lack of disposable
income and the need to prioritize spending on other essential
outgoings.

o Lack of access to safe, green, open spaces, dedicated walking
paths and cycle lanes can affect physical activity levels.

What can be done?

e Embrace a socially aware and family-centred approach with
multidisciplinary clinics that include behavioural health, dietitians
and social support to screen for food insecurity and physical
activity insecurity, as well as other stressors.

e Implement public policy to address food insecurity by imposing
taxes on UPFs and drinks, whilst subsidizing healthy foods®, limit
targeted advertising for UPFs to children, provide nutritional
education tools for providers and in schools, and improve access
to safe outdoor spaces for physical activity.

o Implement public policy to address inequities in access to
physical activity opportunities in local communities and clinical
care settings to reduce the burden of MASLD.

o Urge the food industry to produce healthier options and change
packaging to limit exposure to endocrine disruptors.

e Introduce community measures that could include healthier
school lunches and community gardens, teaching community
members about healthy cooking, and community support for
psychological stress.

Interplay between social media, mental health, body image and
stigma. Although there is limited research directly linking social
media’s influence on eating and physical activity habits to MASLD,
numerous studies have explored how social media influences behav-
iours that are risk factors for MASLD, such as poor dietary choices,
physicalinactivity and disordered eating patterns. For example, there
is extensive research demonstrating an association between time spent
onsocial mediaand disordered eating behaviours (for example, fasting,
laxatives or diuretics abuse, self-induced vomiting, and binge eating)
and negative body image'*®. Social media use is also associated with
many aspects of mental health, includingincreasedlevels of depression,
anxiety and stress'”’, which are also associated with increased disor-
dered eating'®®. The effects of social media also extend to body image
and self-esteem'**""°, Adolescents are more susceptible to societal pres-
sures about bodyimage, leading to disordered eating patterns, such as
binge eating, restrictive eating and purging™. These behaviours are not
only detrimental to nutritional status but can also be associated with
metabolic dysfunction'. Disordered eating and body dissatisfaction at
theage of 14 years are related to future engagement in high-risk drinking
attheage of 21 years, particularlyamonggirls™. Adolescents who expe-
rience body dissatisfaction are more likely to have mental health chal-
lenges, and these challenges can drive adolescents towards alcohol as
acoping mechanism™*. Adolescents living with MASLD™ and obesity"*
arealso at higher risk of having depression and anxiety, and therefore
might be at greater risk of suffering the negative consequences of
social media. However, social media also offers an opportunity to
enhance positive lifestyle behaviours. A systematic review of social
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mediainterventions showed positive changes in physical activity and
diet-related behaviours in adolescents'”. Social media-based mental
healthinterventions have also been helpfulin promoting help-seeking
behaviours and normalizing mental health care™. These positive effects
arefostered through connecting adolescents to credible health infor-
mation and enhancing social connectedness, enabling engagement
with supportive peer communities'.

Children and adolescents might be particularly vulnerable to
stigma due to body image concerns and mental health challenges,
which are more prevalent in this population and further exacerbate
stigmatisation'?°. Weight bias and stigma are explicitly addressed in
the 2023 American Academy of Pediatrics clinical practice guideline''.

Insummary, given the complex interplay between MASLD, mental
health, disordered eating, alcohol use and the pervasive influence of
socialmediain childrenand adolescents, itis essential to prioritize rou-
tine screening for mental health concernsinthis vulnerable population,
assuggested inthe AASLD practice statement®, Early identification of
anxiety, depression, disordered eating patterns and risky behaviours
(such as binge drinking) can markedly improve both psychological
and physical outcomes'”. Equally important is equipping parents
and care-givers with tools to proactively address the effects of social
media, as it often reinforces unrealistic body ideals, risky behaviours
and weight-related stigma'>. Consistent, evidence-based health mes-
saging can support healthier coping and reduce harmful behaviours
inchildren and adolescents with MASLD.

Alcohol consumption among adolescents and interaction with
obesity. Alcohol use in adolescents is a global public health concern
due to the hepatic and extrahepatic dangers it poses'*, but also as a
contributor to obesity and MetALD in children and adolescents due
to the excess calories and metabolic stressitintroduces to the liver'”.

Moreover, alcohol consumption among children living with obe-
sity has a synergistic effect with obesity, metabolic dysfunction and
MASLD in accelerating future liver damage'. In aSwedish cohort study
inchildrenwith overweight or obesity (n =29,321) matched by controls
fromthe general population (n =141,510), childhood adiposity was asso-
ciated with a twofold risk of major adverse liver outcomes, but those
who had childhood obesity and developed alcohol use disorder during
follow-up had an even higher risk of major adverse liver outcomes than
controls without alcohol use disorder (HR 7.64, 95% Cl 2.73-21.47)".
In addition, adolescents are more sensitive to dopaminergic reward
system stimulation'”, which could reinforce ongoing use'*®. Thus, early
alcohol consumption among adolescents can pave the way for frequent
alcohol consumption and alcohol-related problems in adulthood'.

Alcohol use among adolescents is on the rise, with a deeply con-
cerning prevalence, and should act as a call to urgent action'*™"%°,
No amount of alcoholis considered safe for adolescents with MASLD,
and abstinence is currently recommended®. The risk of severe liver
outcomesincreases with any alcohol intake, and heavy or binge drink-
ing dramatically accelerates disease progression®"'*2, Efforts to pro-
tect children against alcohol consumption are failing. Thus, public
health measures to prevent MetALD among adolescents also require
attention'?®, A summary of facts and actions on alcohol consumption
among adolescents is provided in Box 2.

Adults

Dietary and lifestyle approaches in SLD

Adults are the most extensively studied age group. The focus of
treatment strategies for MASLD on adults can be seen as a missed

opportunity for prevention in younger age groups. Generally, a healthy
lifestyle, which can be assessed using the healthy lifestyle index (HLI)
(calculated as the sum of four lifestyle components: non-smoking,
healthy weight, healthy diet and physical activity), is beneficial for
MASLD prevention. A HLI score of three or more components was
shown to be independently associated with a lower risk of incident
MASLD', Similarly, inalarge cohort (n=27,991) from the Malmo Diet
and Cancer Study, all modifiable unhealthy lifestyle parameters (high
alcohol intake, current smoking, physical inactivity and unhealthy
diet) markedly and independently increased the risk of chronic liver
disease®™. Thus, a holistic approach considering overall lifestyle might
be useful for preventing MASLD, MetALD and ALD, and liver damage.
Holistic lifestyle modification should involve the simultaneous imple-
mentation of healthy patient-tailored dietary changes, behavioural
training, a personalized physical activity regimen, and avoidance
of alcohol and smoking, which are associated with MASLD, fibrosis
progressionand HCC™,

Two global Delphi-based consensus papers, including a mul-
tidisciplinary panel of international experts in hepatology, gastro-
enterology, dietetics, endocrinology and other medical specialties,
were published in 2025 (refs.136,137). They summarized the optimal
dietary intervention strategies for MASLD with a wide consensus on
controlled energy intake and personalized nutritional interventions to
reduce body weight by >5% (3-5% in people with anormal or lean BMI)
to reduce liver fat, by 7-10% to decrease liver inflammation, and by
>10%toreduce fibrosis. Intervention strategies include incorporating
the principles of the Mediterranean diet toincrease the consumption
of whole grains, legumes (for example, lentils, beans, chickpeas, green
peasand soybeans), nuts, olive oil, plant-based proteins, fish, seafood,
low-fat dairy products, fruits and vegetables, and reduce the intake
of red and processed meats, saturated and trans-fats, UPFs, added
sugars, sugar-sweetened beverages, and foods with added fructose
(foundinindustrialized processed foods). Meta-analyses of prospec-
tive studies have shown associations between consumption of UPFs
and increased risks of overweight or obesity, abdominal obesity,
type 2 diabetes mellitus, hypertension, dyslipidaemia, cardiovascular
disease or mortality, coronary heart disease or mortality, cerebro-
vascular disease or mortality, and all-cause mortality, supported by
clinical and experimental evidence connecting UPF consumption
and obesity”.

In addition, minimizing sedentary behaviour and engaging in
regular physical activity (=150 min of moderate activity or =75 min of
vigorous activity each week), stopping smoking and minimizing alcohol
consumption, have been recommended alongside dietary strategies,
especially for those with advanced liver disease®*'¥. Accordingly,
in a study in patients with MASLD from the Million Veteran Program
(n=284,024), consumption of cookies and processed foods (white
bread, breakfast cereals) was associated with increased fibrosis pro-
gression (assessed by FIB-4), whereas intake of vegetables, grains
(rice or pasta), nuts, legumes, poultry, tea or coffee and yogurt were
protective against fibrosis progression. In addition, consumption of
nuts, coffee, skimmed milk and yogurt was associated with reduced
risk of a diagnosis of cirrhosis™®.

Thereis emerging evidence that dietary intake and physical activ-
ity are important in the incidence and progression of liver disease
across the entire SLD spectrum, including ALD and MetALD. Diet
was shown to modify the association between alcohol consumption
and the incidence of severe ALD; in a prospective UK Biobank study,
an unhealthy diet score was associated with increased risk of severe
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Box 2 | Alcohol consumption among adolescents — facts and actions

Facts on consumption

e The 2021/2022 HBSC survey from Europe, Central Asia and
Canada'”, included 279,117 adolescents aged 11, 13 and 15 years.
Overall, 35% of adolescents reported drinking alcohol in their
lifetime and 20% reported current use (1-2 days or more in the
last 30 days). Alcohol use increased with age for both boys
and girls.

e The COMPASS study conducted in 2013-2014 (ref. 125) included
10,144 Canadian 12th-grade students (aged 16-18 years). Overall,
27.2% of students binge drank once a month (translates to
6,000-13,200 alcohol-related calories per year, equivalent to
0.78-1.71kg of fat), and 4.9% binge drank twice a week (translates
to 52,000-114,400 alcohol-related calories per year, equivalent to
6.74-14.83kg of fat).

e Alcohol consumption and the presence of MetALD are not
consistently assessed in most clinics for children and adolescents
with MASLD.

Role of social norms on alcohol and risk behaviour

e Children and adolescents are more susceptible to peer
influence than at other ages, tend to align their behaviour
to the norms of valued groups®°, need to be valued in their
desired social group®', and are hypersensitive to social
exclusion®®,

e The presence of other peers increases the likelihood of children
and adolescents engaging in risky behaviours, such as drugs,
alcohol or cigarettes®,

e The most prevalent pattern of alcohol consumption in youth
populations is binge drinking which is more frequent in male
young people®*.

o Children and adolescents are susceptible to commercial
determinants of health®*>**¢, which together with social norms
encourage alcohol consumption.

e There is a shift away from the importance of family influence to an
increased importance of peer influence in terms of attitudes and
behaviours®.

Public health measures to reduce alcohol underage drinking

e Screen for alcohol use in adolescents starting at the age of
12 years using validated questionnaires such as CRAFT or AUDIT**,

e Use any opportunity to screen adolescents for alcohol and
other substance use, whilst ensuring confidentiality to improve
identification of at-risk teens.

e In 2024, the CDC reported strategies to prevent alcohol use in
underage individuals®*: educate adults not to serve alcohol
to people <21 years of age and have communities reduce the
number of places that sell alcohol and increase the distance
between them.

o Increase taxes on alcohol and establish minimum pricing policies
to reduce alcohol use®%,

e The US Surgeon General's Report on Alcohol, Drugs, and Health
provides strategies that can reduce underage drinking: raise
awareness of alcohol-related harms through national media
campaigns, develop effective community-based programmes and
limit alcohol advertising seen by people <21 years of age®*.

o Health-care professionals have a crucial role in raising awareness,
educating families and promoting screening for alcohol use in
adolescents.

e More research is needed to improve prevention in the paediatric
population.

AUDIT, Alcohol Use Disorders Identification Test; CDC, Centers for Disease Control and Prevention; COMPASS, Cohort Study of Obesity, Marijuana Use, Physical
Activity, Alcohol Use, Smoking and Sedentary Behaviours; CRAFT, Car, Relax, Alone, Forget, Friends, Trouble (adolescent substance use screening tool); HBSC,
Health Behaviour in School-Aged Children survey; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic dysfunction-associated

alcohol-related liver disease.

ALD, adjusted for sociodemographic factors, lifestyle factors and
alcohol consumption, indicating a statistically significant interaction
betweenunhealthy diet and higher alcohol consumptionin determin-
ing ALD risk'’. By contrast, high adherence to a Mediterranean diet
wasshowninaretrospective cohort study tobe associated with lower
rates of SLD in general, including both MASLD and ALD™°. Similarly,
diets high in vegetables, fruits, whole grains, seafood, plant-based
proteins and unsaturated fats, and lowin solid fats, alcohol and added
sugars, as well as high levels of physical activity, lowered the risk of
alcohol-attributable liver-related mortality in the US population,
evenamong people who engaged in heavy alcohol drinking and binge
drinking'. One of the few studies conducted specificallyamong people
with MetALD was a cross-sectional study in a US population includ-
ing 7,125 people (1,545 with MetALD) that found the lowest risks of
both MASLD and MetALD (-50% reduced risks of both) in people who
combined high physical activity levels with a healthy diet'*.
Consideration should also be given to the provision of access to
structured lifestyle behavioural programmes, and psychological and
social support whenneeded™. Supportis especially importantsincein

olderadults (aperiodstartingat40-50 years of age), the ageing process
is typically characterized by an increase in body total fat mass with a
concomitant decrease inlean mass'”, and a decline in resting metabolic
rate'**. These changes make weight reduction more difficult to achieve
and maintain in middle-aged and older adults who typically show
weight gain during the subsequent years'. Asummary of recommen-
dationsfor adultsincluding the older populationis providedin Table 2,
and a summary of RCTs on nutritional and lifestyle interventions and
MASLD in adultsis provided in Supplementary Table 5.
Attentionshould begiventosufficient proteinintakeinpeople with
MASLD (especially those undergoing aweight-loss diet), in people with
sarcopenia or sarcopenic obesity and in older individuals'® (Table 2).
In addition, among people treated with glucagon-like peptide 1
(GLP1) receptor agonists, low protein consumption due to reduced
appetite might also contribute to muscle loss and increased risk of sar-
copenia (particularly inolder people, perimenopausal or menopausal
women, menwith low testosterone, and sedentary individuals), while
resistance and/or strength training could reduce the loss of muscle
mass'”. Protein-rich foods can be consumed firstinameal toincrease
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Table 2 | Dietary strategies in MASLD: summary of evidence and practice recommendations for adults including older adults

Dietary Evidence summary Recommendation

treatment

domain

Weight Weight reduction is the most evidence-based way to reverse MASLD across ~ Weight reductions of 25% required to improve steatosis, 7-10%
reduction the disease spectrum?®*?*® and is the first-line treatment recommended by to improve MASH, and >10% to improve fibrosis?**?%°

multiple clinical practice guidelines'036155285.267

It has been repeatedly demonstrated in clinical trials that weight reduction,
with or without increased physical activity, leads to improvements in multiple
MASLD biomarkers, including liver enzymes, liver fat, MASH and fibrosis?®?%°
There is a dose-dependent association between the amount of weight loss
and the extent of improvement in liver damage

In older people with overweight but not obesity,
weight-reducing diets should be avoided; rather, maintaining a
stable weight is considered desirable by consuming a balanced
diet and engaging in physical activity

Only in older people with obesity and weight-related health
problems can weight-reducing diets be considered, with
moderate energy restriction'®

Individuals with
normal-weight
MASLD

MASLD can also develop in individuals with BMI within ethnic-specific
ranges for normal weight

Individuals with MASLD generally have a greater waist circumference®' and
higher levels of visceral fat**?

Weight reductions of 3-5% can be sufficient to improve
steatosis’

To reduce visceral fat and insulin resistance, increasing
physical activity and avoiding sugar-sweetened beverages are
recommended?*®?%°

Types of weight-

reducing diets

There are multiple dietary approaches to choose from to lose weight; RCTs
and meta-analyses have shown no differences in efficacy of weight loss
between different macronutrient-focused approaches?**?*°

No difference has been found between low-carbohydrate and low-fat
calorie-unrestricted diets using a two-point improvement in MASLD activity score?®®
The most evidence is for a Mediterranean diet**”*°'; however, no liver
histology was obtained in RCTs and therefore no conclusions on the effects
of a Mediterranean diet on MASH and fibrosis could be drawn®*

A Mediterranean diet and similar dietary patterns are
recommended by all clinical practice guidelines for MASLD
treatment and prevention 00286267302

The exact diet, macronutrient composition, food choices and
timing of eating should be tailored to patient preferences,
clinical status, culture and economic circumstances, as long as
healthy eating patterns characterized by minimally processed
or unprocessed foods are maintained'®>%°%-%%

Time-restricted

TRE, also called intermittent fasting, is a strategy in which calories are

TRE can serve as another tool to help people lose weight if they

eating (TRE)® consumed during a defined time window*® find the time restriction helpful in maintaining calorie restriction
TRE is as effective for weight loss, steatosis reduction and liver stiffness TRE should align with the principles of a healthy or
improvement (measured by elastography) as regular calorie-restricted diets*”**  Mediterranean diet
In three 12-16-week RCTs, hypocaloric healthy or Mediterranean diets in the TRE is not recommended for patients with cirrhosis due to
form of intermittent fasting produced favourable liver fat reduction, albeit potential accelerated muscle catabolism during prolonged
with similar efficacy to healthy hypocaloric diets with regular time eating®®*="  fasting
There is an additive benefit of the combination of TRE (alternate day fasting;
600kcal (‘fast day’) or ad libitum intake (‘feast day’)) with aerobic exercise®”
Dietary Prospective studies have provided evidence for independent associations Improve diet quality (similar to the principles of the
composition between a healthy diet and protection from MASLD?**%**3 and from Mediterranean dietary pattern)
all-cause, CVD-specific and cancer-related mortality in adults with MASLD®™ | imit the consumption of UPF (rich in sugars and saturated fat),
Unhealthy diets rich in added sugars (including sucrose (table sugar), high-sugar foods, and avoid sugar-sweetened beverages
fructose and high-fructose corn syrup®® and sugared-sweetened
beverages®®), red and processed meat, UPFs and saturated fat®"?***""?'€ play
a major role in MASLD development and HCC incidence
Protein Sufficient protein intake among people with MASLD is under-recognized; Individuals with MASLD and overweight or obesity not
itis particularly important during a weight-loss diet, for patients with undergoing weight-loss treatment should ingest >1g/day of
sarcopenia or sarcopenic obesity and in older individuals'*® protein per kilogram ABWP
Individuals with cirrhosis should always consume sufficient protein Individuals consuming a hypocaloric diet to achieve weight loss
should ingest 1.2g/day of protein per kilogram ABW to prevent
loss of muscle mass
Individuals with sarcopenia should ingest >1.2g/day of protein
per kilogram ABW® (ref. 146)
Older individuals should ingest at least 1g/day of protein per
kilogram body weight'®°
Coffee Coffee consumption has been shown, although only in observational Consumption of three or more cups of coffee per day can be
studies, to be related to reduced risk of MASLD, and especially fibrosis; there  suggested if there are no contraindications'®*® (without adding
is also evidence for an association with reduced risk of HCC, usually with any form of sugar or high-fat milk)
consumption of three or more cups of coffee per day'°*'>>#19320
Eating A few studies have shown that eating behaviours can be related to MASLD Eating behaviour assessment and improvement should be
behaviours included in the diet and/or behavioural therapy goals

Increased meal frequency®? led to increased liver fat, suggesting that
continuous delivery of nutrients might lead to a different metabolic response
compared with a pattern of fasting and feeding cycles, as in regular meals
The timing of energy intake, including eating before bedtime, might
predispose to MASLD**

Overall unhealthy eating behaviour habits (mainly distracted eating, eating
following stress, eating between meals or at night, fast eating pace) are
associated with MASLD™®

More research is needed

ABW, adjusted body weight (kg); CVD, cardiovascular disease; HCC, hepatocellular carcinoma; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-
associated steatotic liver disease; RCT, randomized controlled trial; TRE, time-restricted eating; UPF, ultra-processed food. *For example, 16:8 intermittent fasting regimen (fasting for 16 h and
eating within an 8-h window). "ABW =reference body weight (kg) +(0.33x(actual body weight (kg)-reference body weight (kg))).
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the likelihood of sufficient consumption. Among food sources, plant
sources (for example, beans, peas and lentils), dairy products, seafood,
eggs and lean poultry should generally be encouraged based on their
links to general health, with red and processed meats consumed in
moderation or minimized"”*®, Low-fat dairy products (up to around
5% fat) can be a good source of protein, as they have been demon-
strated to confer protection from MASLD, whilst consumption of
high-fat dairy products should be limited'*’. Eggs are rich in bioactive
compounds, including choline and carotenoids. In the Framingham
Offspring cohort study (n =1,414) with -6 years of follow-up, no associa-
tions were found between egg intake and incident MASLD risk or liver
fatchange. However, dietary choline intakes were inversely associated
with MASLD risk™°.

Genomicdatareinforce theimportance of a healthy dietamong
people with a genetic predisposition to MASLD. The relationship
between specific dietary nutrients and fibrosis is stronger among
individuals carrying the PNPLA3rs738409 G-allele thanin those with
the CC genotype.In 452 non-Hispanic whites with histologically con-
firmed MASLD, high carbohydrate intake was arisk factor for fibrosis,
whilst dietary w3 PUFAs, isoflavones, methionine and choline were
protective®™'. Similarly, among 511 Israeli screening and Brazilian
primary health-care populations, high red meat intake conferred a
greater risk of MASLD among PNPLA3 G-allele carriers™. Furthermore,
inacohortof4,361US adults, joint effects between PNPLA3rs738409
polymorphism and environmental factors showed that the risk of
liver-related death is markedly increased in carriers of the G-allele
withlight alcoholintake (based on National Institute on Alcohol Abuse
and Alcoholism drinking level definitions™?), higher consumption
of cholesterol, former or current smoking and obesity. By contrast,
the effects of the G-allele on the risk of liver-related death were mark-
edly attenuated in those with high consumption of monounsatu-
rated fat, a healthy eating index or coffee intake of three or more cups

154

per day™*.

Physical activity

Physical activity and exercise form a cornerstone of management
in adults with MASLD and are recommended in clinical guidelines
from professional societies'®" and by exercise science professional
bodies’***¢. The data reported from multiple RCTs in adults support
the view that aerobic and/or resistance exercise reduces liver fat, either
combined with diet or alone, independent of weight loss and dietary
change (the details of selected trials are provided in Supplementary
Table 6). Additionally, almost every type or intensity of exercise is effec-
tiveinreducingliver fat: aerobic and resistance exercise at both mod-
erateand vigorous levels, except stretching™’. Notably, little is known
about the effect of exercise on long-term liver-related outcomes'®’.
Furthermore, several studies have demonstrated thatincreased physi-
calactivity is associated withreduced risk of liver fibrosis, cirrhosis and
all-cause mortality™*®', Moreover, 230% relative liver fat reduction on
MRI, whichis clinically relevant as it correlates with steatohepatitis
and fibrosis regression'®?, can be achieved with 750 metabolic equiva-
lents of task-minutes per week of exercise, equivalent to 150 min of
moderate activity, independent of clinically significant weight loss'®.
Inan RCT with liver histology measurement, the effects of al0-month
energyrestriction and exercise intervention (n =16) on liver histology
and insulin sensitivity were compared with standard of care (control,
n = 8); treatment induced resolution of liver disease, indicated by
reduced MASLD activity score, whereas fibrosis remained unchanged.
The improvement in peripheral insulin sensitivity and peak oxygen

consumption (a measure of cardiorespiratory fitness) was strongly
correlated with the histological improvement**.

Despite the recommendations for more physical activity and/or
exercise according to patient preferences and physical abilities, most
people with MASLD do not engage in regular physical activity and have
sedentary lifestyles'®>'*®, Barriers to exercise for patients with MASLD
include a lack of awareness about the role exercise has in managing
MASLD, lack of time, other comorbidities limiting participation, lack
of enjoyment in exercise and fatigue'®®. Treating clinicians should be
aware of these barriers and possible ways to mitigate them to support
long-term change in physical activity behaviours. Providing informa-
tion relating to the benefits of physical activity and exercise at the
time of MASLD diagnosisiis critical to gain a patient’s ‘buy-in’and then
tailoring the physical activity advice to consider fitness levels, comor-
bidities, personal preferences and socioeconomic circumstances is
crucialtoimprove uptake®” (weblinks to some tools to improve uptake
are providedin Table1).

Anadditional consideration and reason to recommend exercise in
adultsincludingolderindividuals with MASLD is the presence of sarco-
penia, whichisamuscle disorder characterized by low skeletal muscle
mass (lean mass) and abnormalities of muscle function'®’, Although the
progressive loss of skeletal muscle mass canlead to frailty and areduc-
tionin functional ability, frailty is not synonymous with sarcopenia'®’.
Frailty implies weight loss as well as reduced function, such as low gait
speed and grip strength, and exhaustion, that influence energy expend-
iture and/or activity level. By contrast, among patients with MASLD,
sarcopenia is often associated with obesity and insulin resistance’,
Decreased muscle strengthislinked to higher levels of hepatic steatosis
and lipid abnormalities'’. Such patients are usually sedentary with low
levels of habitual physical activity and exercise"°. Inameta-analysis of
29 studies (n=63,330), the prevalence of sarcopenia in patients with
MASLD was 23.5%"". Sarcopenia in people with MASLD is related to
almost twofold increases in all-cause mortality and cancer mortality
and athreefold increase in cardiac-specific mortality'°. Thus, screen-
ing for sarcopenia is highly recommended for people with MASLD.
Special attention should be given to people treated with GLP1 recep-
tor agonists due to related loss of muscle mass'? A joint advisory
paper suggests that GLP1 receptor agonists should be prescribed
together with a structured exercise programme, aiming for regular
strength training at least three times weekly, plus at least 150 min of
moderate-intensity aerobic exercise weekly to preserve muscle and
bone mass, customized to match the individual’s fitness level and
physical capacity'’.

Older adults

The burden of MASLD in older adults (=65 years of age) is growing
rapidly and will continue to grow, and therefore deserves special atten-
tioninthe ageing population. For example,inastudyin 9,097 Australian
subjects aged >70 years, 33.0% had MASLD, which was negatively
associated with social advantage and exercise tolerance, and was
positively associated with diabetes mellitus, hypertension, male sex
and, importantly, also with pre-frailty and frailty”>. Beyond the meta-
bolicrisk factors, other risk factors might become more prominentin
older age. Appendicular skeletal muscle mass (ASM), grip strength and
fat-to-muscle ratio (FMR) could also be associated with MASLD. In a
populationincluding middle-aged to older adults, FMR was positively
associated with MASLD and MASLD-associated liver fibrosis, whereas
BMI-adjusted ASM and grip strength were negatively associated with
MASLD"*,
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MASLD prevalence in the older population reduces with age'”.

For example, in astudy in older individuals in the USA, a slight reduc-
tion was found in MASLD prevalence from 40.3% among those aged
60-74 years to 39.2% among those aged >74 years'”. In the Rotterdam
study, there was a clear reduction in MASLD prevalence across more
specific older age groups: 39.6%, 32.1% and 21.1% in those aged 75-79,
80-84 and >85 years, respectively”®. Although MASLD is associated
with increased risk of mortality among those aged 60-74 years, this
risk was notincreased in those older than 74 years'”.

There s little evidence on the incidence of MASLD, and the diag-
nosis of MASLD or fibrosis is sometimes based on surrogate markers.
For example, among 878,686 individuals aged =60 years from the
Korea National Health Insurance Service-Senior cohort, the over-
all incidence of MASLD (defined by the hepatic steatosis index) was
1.94 per100 person-years, lower thanin the Korean general population
(5.94 per 100 person-years). Similar to younger populations, MASLD
and fibrosis (defined by the BARD score, among those with MASLD)
incidence among older people were significantly higher in those with
overweight or obesity (2.65and 2.06 per 100 person-years for MASLD
and fibrosis, respectively) than in people with normal BMI (1.09 and
0.87 per100 person-years for MASLD and fibrosis, respectively)"””.

There are specific challenges for MASLD treatment in older age
groups, including increased prevalence of sarcopenia and frailty**"”?,
together with reduced ability to exercise, functional decline potentially
leading to reduced accessibility of exercise spaces and healthy food
outlets, reduced cooking ability and socioeconomic difficulties>.
Inaddition, cognitive declineis accelerated in people with MASLD"37°
and fibrosis™’. In our experience, treatment is complicated even more
by comorbidity and polypharmacy.

Nutritional treatment

There are only afew RCTs and observational studies specific to the older
population and dietary recommendations for older adults mostly rely
on population studies in younger adults.

A RCT in 248 middle-aged and older individuals (median age
66 years) showed that a diet high in unsaturated fatty acids, low in
carbohydrates (35-45% of energy intake) and high in protein (>1 g/kg)
for 12 months led to a greater liver fat reduction (measured by MRS)
despite asimilar BMI reduction compared with participants on a usual
care standard diet (30% of energy intake as fat, 55% carbohydrates and
15% proteins)*®. Theimportance of unsaturated fatty acids was also dem-
onstrated in a cross-sectional analysis of the NHANES dataset, among
approximately 2,000 older adults (=60 years of age) with MASLD. The
frequency of afatty liverindex (FLI) of =60 was lowest among individuals
consuming15-30 g of nuts per day; consumption of thisamount of nuts
was also associated withimproved cognitive function'*.

Low carbohydrate and high unsaturated fatty acid consumptionare
two key components of the Mediterranean diet, which has been demon-
stratedin observational studies to be safe and efficaciousin older adults.
Ina cross-sectional study among 7,000 older Australians (>70 years of
age), higher UPF consumption was associated with a greater odds of
MASLD (FLI>60), whereas greater adherence to a Mediterranean diet
was associated with a lower risk'®. These results are strengthened by
the findings of two Italian studies, demonstrating an inverse associa-
tion between FLI 260 and consumption of a Mediterranean diet'®*, in
contrast to a positive association with consumption of a Western diet,
including refined foods, withahigh content of sugars and saturated fats,
alcoholic and non-alcoholic calorie drinks'®, and processed meat'®*.
A dietary pattern involving diets rich in fruits, vegetables, legumes,

white meat and olive oil was associated with a lower odds of MASLD,
as evaluated by liver ultrasonography, among older adult Brazilians
(n=229)"¢ Inthe Rotterdam prospective cohort study (n =737), adiet
richin plant-based oils and whole grains was associated with MASLD
regression (as evaluated by liver ultrasonography)'®.Ina cross-sectional
study involving 3,000 Chinese individuals, a similar plant-based diet
(the dietary approachesto stop hypertension (DASH) diet) was associ-
ated withareduced odds of MASLD after adjusting for various lifestyle
and demographic factors'®. Inaddition, in a prospective cohort study
among 42,000 middle-aged to older Chinese individuals (=50 years
of age), adherence to a healthy lifestyle (that is, never smoking, never
drinking alcohol, engaginginregular exercise and low intake of sodium)
was associated with a lower odds of MASLD'’, Overall, these findings
togetherindicate thatadherence to the principles of the Mediterranean
dietisassociated withimproved liver steatosisinolder adults. However,
most studies were observational and used non-invasive tests or mark-
ersratherthan histology for evaluating liver steatosis. Furthermore, as
most studies did not evaluate liver fibrosis as an outcome, the effects
of dietary interventions on liver fibrosis require further investigation.

The recommendations of the European Society for Clinical
Nutrition and Metabolism practical guidelines for clinical nutrition
ingeriatrics'”’, although they are not liver-specific, are also relevant to
older people with MASLD. First, protein intake in older people should
be at least 1 g protein per kilogram body weight per day, individually
adjusted with regard to nutritional status, physical activity level, dis-
ease statusand tolerance, for optimal preservation of lean body mass,
body functions and health. Second, inolder people with overweight but
not obesity, weight-reducing diets should be avoided to prevent loss
of muscle mass and accompanying functional decline, and repeated
phases of weight loss and regain (called weight cycling) that might
contribute to the development of sarcopenic obesity should also be
avoided. Rather, maintaining a stable body weight is considered desir-
able for overweight older adults, who should consume a balanced,
nutrient-rich diet and engage in regular physical activity. Only in older
people with obesity and weight-related health problems (including
cardiovascular and metabolic) should weight-reducing diets be con-
sidered, and energy restriction should only be moderate so that weight
reductionis slow and muscle massis preserved; this canbe achieved by
consuming ~500 kcal per day less than estimated needs, maintaining
aminimumintake of1,000-1,200 kcal per day, and ensuring a protein
intake of atleast 1 g/kg body weight per day and appropriate intake of

micronutrients, combined with physical exercise whenever possible'.

Physical activity barriers and specific considerations

Older adults are more likely to have sarcopenia and/or frailty and social
disadvantage'”. Frailty in older adultsis well described and occasionally
isused interchangeably with sarcopeniain clinical settings. Although
sarcopenia can be associated with frailty, frailty is not a requirement
for the sarcopenia definition™". In fact, when MASLD and sarcopenia
are both present, there is an increased likelihood of MASLD-related
mortality and disease progression'>'”>, However, sarcopeniain older
adults has several features that distinguish it from sarcopeniain adults.
For example, in older adults, there are likely to be hormonal changes
that affect the muscle directly’. There is a reduction in type 2 fibres
in skeletal muscle, myosteatosis and loss of innervation, which leads
to muscle weakness and associated functional decline'*. Age is a risk
factor for physicalinactivity. This lack of physical activity in older adults
is often aresult of the ageing process; biomechanical abnormalities
are much more frequent in this group'®. Joint pain and stiffness or
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Infants and toddlers
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Pregnancy
Maternal MASLD - birth
complications
families
Maternal factors that increase
offspring’s MASLD and/or
NCD risk:
¢ Obesity
e Gestational diabetes
» Rapid pregnancy weight gain
¢ High sugar and saturated
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pressures

Children and adolescents
* Obesity, overweight
e MASLD clusters within

* High screen time

* Social media exposure to
unhealthy food and alcohol

» Susceptibility to social

 Persistence of early alcohol
exposure into adulthood

« Body image dissatisfaction
and disordered eating

o Lack of high-quality
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Adults Older adults
» Sarcopenia and sarcopenic « Physical inactivity due to
obesity physical, mental and

environmental barriers

« Cognitive decline

« Polymorbidity and
polypharmacy

« Social isolation

* Economic instability

o Risk in weight-loss diets

o Lack of specific research in
older age groups limiting
applicability

» Higher prevalence of
abdominal obesity

o Higher fat mass

» Weight loss and maintenance
are more difficult due to
reduced energy expenditure

o Lack of validation of
non-invasive fibrosis
diagnostic tools

Cross-category factors
e Stigma

e Food insecurity

o Low health literacy

e SDOH and CDOH can hinder a healthy lifestyle
« Limited access to safe, green spaces and affordable exercise facilities

¢ Unhealthy food environments

» Exposure to environmental EDC (pollutants, plastics)

Fig.2| Age-specific concerns and factors shapinglifestyle recommendations
for SLD prevention and management across the life course. Age-specific
concerns and factors shaping lifestyle recommendations for steatotic liver
disease (SLD) across the lifespan. CDOH, commercial determinants of health;

EDC, endocrine-disrupting chemical; MASLD, metabolic dysfunction-associated
steatotic liver disease; NCD, non-communicable disease; RCT, randomized
controlled trial; SDOH, social determinants of health.

reductioninrange of movement often negatively influence the ability
and willingness to undertake physical activity or exercise.

The combination of ageing and obesity might pose additional sub-
stantial barriers to the ability of older adults to progress towards moder-
ate orvigorous physical activity and exercise'**'”. Physical conditionand
number of comorbidities pose substantial challenges for older adults,
influencingtheir willingness and ability to participatein physical activity
and exercise.Inolder people (=60 years of age) diagnosed with MASLD
orsarcopenia, physical activity hasbeen found to be inversely associated
with all-cause mortality”°. Ina 2021 meta-analysis of 11RCTs, resistance
training was shownto increase muscle strength and insulin-like growth
factor1(IGF1) in people older than 55 years™®. Older people have amore
muted response to administered amino acids than younger adults, and
amino acids do not substantially block IGF1 decline, a contributor to
sarcopenia'®’. This finding reinforces the need to prescribe and support
the use of physical activity and exercise in this population®*. Studies
have investigated these issues in patients with chronic illness, but not
specifically MASLD, which deserves further specific research*>%2,

Barriers to physical activity and exercise regimensin older adults
include physical, physiological and environmental factors. Neighbour-
hoods are often not constructed with safe outdoor activity inmind: air

quality may be poor, traffic volume may be excessive and safe open
spaces may not be available’”. Outdoor activities such as cycling and
walking can be associated with an increased risk of falls?**. Interven-
tions are suggested in Table 1, and a summary of clinical trials and
observational studies on lifestyle and MASLD in older populations is
presented in Supplementary Table 7. Age-specific concerns and factors
shapinglifestyle, age-specific nutritional, physical activity and exercise
recommendations for SLD prevention and management across the life
course are listed in Figs. 2-4.

Multimorbidity and polypharmacy

Multimorbidity is defined as the co-occurrence of two or more medical
conditions®”. Cardiometabolicrisk factors frequently occur together
(forexample, inthe cardiovascular-kidney-metabolic syndrome) and
often have bidirectional or multidirectional relationships, and thereby
exacerbate one another. The current definition of MASLD requires the
presence of atleast one cardiometabolic risk factor?*®. Consequently,
by definition, 100% of patients with MASLD have multimorbidity. Addi-
tionally, hepatic steatosis itself is associated with an increased risk
of multimorbidity®”. The prevalence of comorbid illnesses tends to
increase with age. Inwomen, the incidence of most metabolic diseases,
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including MASLD, markedly increases after menopause’®. In a study
conducted in China involving 9,710 older (=60 years of age) partici-
pants, the overall prevalence of multimorbidity was 49.5% (53.3% in
women and 45.6% in men)*°°. Multimorbidity in older adults is linked
to frailty and elevated mortality rates™**".

As expected, multimorbidity is strongly associated with
polypharmacy*?. Polypharmacy is generally defined as the chronic
use of five or more medications, whilst hyper-polypharmacy refers
to the use of ten or more”. In a 2024 global systematic review and
meta-analysis of 122 studies, the prevalence of polypharmacy and
hyper-polypharmacy in the older population was 39.1% and 13.3%,
respectively?. Key risk factors for polypharmacy include male sex,
older age and multimorbidity, as well as other factors such as having
insurance coverage and health-care service utilization™*. Although
polypharmacyis associated with increased mortality, this relationship
ismarkedly confounded by the number and severity of comorbidities.
In patients with MASLD and diabetes, common comorbidities include
metabolicsyndrome, depression, coronary artery disease and obstruc-
tive sleep apnoea. In astudy investigating chronic conditions and medi-
cationsin patients with diabetes and MASLD, polypharmacy was seen
in 59% and hyper-polypharmacy in 31% of patients®°. Polypharmacy
is associated with impaired patient-reported outcomes in MASLD?®
Moreover, over 80% of older patients with polypharmacy experience
atleastone potential drug-druginteraction, complicating treatment
and safety””. Moreover, drug-induced liver injury is also more common
in patients with MASLD?®, Notably, awareness of polypharmacy and its
potential issues is low among older adults?”.

It is crucial to recognize that, although inappropriate medica-
tions do exist, some drugs have valid indications. For instance, in the

Age-specific recommendations

%
n

treatment of hypertensionand heart failure, combination therapiesare
often necessary, and have been shown toimprove outcomes compared
with monotherapy*®??. Thus, rather than indiscriminately reduc-
ing the number of medications, a careful review of treatment indica-
tions and tolerability, along with the appropriate use of fixed-dose
combination pills, is amore rational approach. Additionally, utilizing
decision support systems within electronic health records may help
mitigate issuesrelated to polypharmacy and drug-druginteractions.
These strategies will be more important when drug treatments for
MASH become more widely available, and their development and
implementation should be aresearch priority.

New pharmacological treatments

Although lifestyle modification should be the cornerstone of managing
MASLD, some patients struggle to adhere to these changes, and others
might continue to experience clinically significant liver disease’*. In
such patients, pharmacological treatments might be necessary. It is,
however, important to note that participants in clinical trials often
differ significantly from regular patients in real-world clinical practice.
They frequently have less severe comorbidities and represent a nar-
rower age range. Among the published phase Ill trials, for example,
the mean (standard deviation) or median (interquartile range) age
of the participants was 55 (11) years in the REGENERATE trial of obet-
icholic acid*?, 59 (51-67) years in the STELLAR trials of selonsertib?*,
55 (11) years in the AURORA trial of cenicriviroc®®, 57 (11) years in the
MAESTRO-NASH trial of resmetirom*,and 56 (12) years in the ESSENCE
trial of semaglutide?”. Some trials even excluded patients older than
75years, thereby limiting our understanding of the efficacy and safety
of new treatments in this population, even though individuals in this
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Fig.3| Age-specific nutritional recommendations for SLD prevention and
management across the life course. Nutritional recommendations for steatotic
liver disease (SLD) prevention and management across age groups. *Prioritize
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adequate protein intake by starting meals with the protein source: low-fat
dairy products, poultry, fish or seafoods, egg, tofu, nuts or seeds and legumes
(forexample, beans, lentils, dried pea). CVD, cardiovascular disease.
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Adults
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¢ >30 min per day of moderate
intensity physical activity and/or
exercise on most days

* Encourage resistance exercise to
maintain muscle mass and function

e Incorporate balance exercises to
reduce the risk of falling

o Emphasize safety

)
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Cross-category factors
« Decrease sedentary behaviour
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9

Fig. 4| Age-specific physical activity and exercise recommendations for SLD prevention and management across the life course. Physical activity and exercise
recommendations for steatotic liver disease (SLD) prevention and management across age groups. MVPA, moderate-to-vigorous physical activity.

age group have a higher chance of having advanced fibrosis and dying
from liver disease"’?*%, That said, it isimportant to recognize that age
can confound some of the non-invasive tests for fibrosis. In particular,
FIB-4 is less specific in older patients and is less accurate in patients
with diabetes and in primary care settings®* ",

In 2024, resmetirom, a thyroid hormone receptor-f3 agonist,
received conditional approval as the first pharmacological treatment
for ‘at-risk’ patients with MASH. In the week 52 interim analysis of the
phase [l MAESTRO-NASH study, MASH resolution without worsening
fibrosis was achieved in 25.9% of patients receiving resmetirom 80 mg
daily, 29.9% of those receiving resmetirom 100 mg daily, and 9.7% of
those receiving placebo®”. Fibrosis improvement without worsening
of MASH occurred in 24.2%, 25.9% and 14.2% of patients, respectively,
thus meeting both key histological end points. The week 72 interim
analysis of the phase Il ESSENCE study showed that semaglutide, a GLP1
receptor agonist, led to both MASH resolution and fibrosis improve-
ment’”, with the drug receiving conditional approval from the FDA for
the treatment of MASH in adults with moderate to advanced fibrosis
(F2-F3)in August 2025. Since there are no GLP1 receptorsintheliver, the
benefits of semaglutide for MASH are largely secondary to weight loss.
However, it was recently shown that semaglutide might also improve
MASH through modulation of metabolic and inflammatory pathways
that exert indirect effects on hepatic tissue, which include mecha-
nisms of fibrogenesis®*2. Newer incretin therapies target GLP1, glucose-
dependentinsulinotropic polypeptide (GIP), and/or glucagonreceptors
simultaneously, and might prove more effective in reversing MASH
and fibrosis******, Tirzepatide, a dual GLP1-GIP receptor agonist, has
already shown superiority over semaglutide in reducing body weight>*.

Interestingly, multiple preclinical and clinical studies have shown that
GLP1receptor agonists can reduce cravings for not only food but also
various substances of misuse, including alcohol*®. Thus, incretin
therapies might also prove valuable for managing MetALD and ALD.

Incretin-based pharmacotherapy has become an important
option for adolescents with obesity and metabolic risk. Semaglu-
tide received FDA approval for use in young people >12 years of age
based on the STEP TEENS RCT in which semaglutide treatment led
to a 16% reduction in BMI alongside meaningful improvements in
waist circumference, glycaemic status and lipid parameters compared
with placebo®”. ALT levels decreased modestly, although baseline
values were largely within the normal range, limiting interpretation
of liver-specific benefits in a population not enriched for MASLD.
Retrospective clinical data from a tertiary paediatric centre demon-
strated that only aminority of adolescents (<18 years of age; mean age
15years) treated with a GLP1 receptor agonist had confirmed MASLD
with paired liver tests and, among these patients, ALT reductions
were substantial only in young adults with coexisting type 2 diabe-
tes mellitus®®, In conclusion, adolescents treated for obesity alone,
representing the predominant paediatric MASLD phenotype, show
minimal, non-significant changes in ALT with GLP1 receptor agonist
treatment; thus the liver-related efficacy of GLP1receptor agonistsin
adolescents with MASLD remains unproven, highlighting the need for
prospective trials with liver-specific end points.

Alcohol use should be assessed routinely inadolescents with SLD,
asevenintermittent consumption canexacerbateliverinjuryinthe con-
text of metabolic dysfunction®’. A biopsy-based reclassification study
from the Non-Alcoholic Steatohepatitis Clinical Research Network
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identified adolescents (aged 12-17 years) who met the criteria for Met-
ALD, and demonstrated that combined metabolic dysfunctionand alco-
holexposureis already clinically relevant in young people*’. Although
GLP1 receptor agonists have been associated with reduced alcohol
craving and intake in adults, no paediatric evidence currently supports
this potential dual role, and any use in adolescents remains entirely
speculative. At present, MetALD inadolescents shouldbe regarded asa
high-risk phenotype, warranting clear counselling on alcohol avoidance
inaddition to comprehensive metabolic management.

Bariatric surgery across the lifespan

Depending on an individual patient’s history, extent of adiposity
and number of comorbidities, beyond lifestyle and pharmacologi-
cal options, surgical interventions can be considered and tailored to
improve the patient’s health-related outcome, including SLD. Whether
weight loss surgery before conception should be considered as astrat-
egy to reduce offspring MASLD risk remains unclear. Evidence from
studies in non-human primates suggests that maternal diet during
pregnancy, rather than maternal BMI*, is the predominant determi-
nant of offspring MASLD. Additionally, although weight loss surgery
before conception has been associated with decreased risk of gesta-
tional diabetes mellitus and pre-eclampsia, it does not decrease the
risk of premature or small for gestational age birth, which are key neo-
natal risk factors for offspring MASLD*****', Furthermore, offspring
of women who have undergone pre-conception sleeve gastrectomy
exhibit more rapid postnatal weight gain compared with those bornto
women with prior Roux-en-Y gastric bypass or no bariatric surgery**.
Notably, sibling-matched analyses comparing offspring outcomes
before and after maternal weight loss surgery indicate that the risk
of obesity and endocrine morbidities is increased in those born after,
compared with those bornbefore, bariatric surgery*?, controlling for
confounders. Insummary, further researchis needed to clarify whether
pre-conception weight loss surgery mitigates the intergenerational
transmission of MASLD risk.

Metabolic and bariatric surgery is an established treatment for
severe paediatric obesity and might have particular relevance for
adolescents with high-risk MASLD. Approximately 1in 23 US adoles-
cents meets eligibility criteria for bariatric surgery, and MASLD is
among the most common qualifying comorbidities®*. Datafrom adults
demonstrate high rates of steatohepatitis resolution after surgery, yet
liver-specific evidence from children and adolescents s limited. In the
10-year Teen-LABS study, adolescents experienced sustained improve-
mentsintype 2 diabetes mellitus, hypertensionand dyslipidaemia; liver
outcomes, however, were not assessed**. Smaller studies in children
and adolescents have found reductionsinliver enzymes and steatosis,
withoccasional resolution of steatohepatitis, whereas fibrosisimprove-
ment seems more gradual®*®. Consistent with professional guidance,
metabolic bariatric surgery candidacy in adolescents requires acom-
prehensive multidisciplinary assessment that includes psychosocial
readiness, cognitive maturity, long-term adherence potential and
strong family support. Given the elevated long-term cardiometabolic
and mortality risks associated with paediatric-onset MASLD, hepatol-
ogy involvementis essential to identify candidates with high-risk liver
phenotypes, guide timely referral, and ensure longitudinal surveillance
within specialized programmes.

The BRAVES RCT and anumber of longitudinal studies have shown
thatbariatric surgery increases the rates of both MASH resolution and
fibrosisimprovementinadults with MASH*"2* Retrospective cohort
studies have shown that bariatric surgery also seems to reduce the

risk of hepatic decompensation and HCC, even among patients with
biopsy-proven compensated MASH cirrhosis*°*', Inamatched analysis
of patients with type 2 diabetes mellitus, bariatric surgery (n=1,657)
was more effective than GLP1receptor agonists (n = 2,275) inreducing
macrovascular and microvascular complications of diabetes?”.

Bariatric surgery has alsobeenincreasingly performedinthe older
population, albeit with a higher complication rate. In a systematic
review and meta-analysis of 12 studies including 197,194 patients, in
patients >70 years, the pooled 30-day morbidity was 9.0% and mortality
0.7%. Compared with younger patients, those aged 70 years or older
had higher odds of 30-day complications (OR 1.55, 95% CI1.26-1.91)
and mortality (OR 4.31, 95% C11.53-12.11)*°, However, despite a lower
degree of weightreduction, older patients had similarimprovements
in glycaemic and blood pressure control to younger patients®”. Revi-
sional bariatric procedures can also be performedin older people with
anacceptable safety profile**. Thus, the International Federation for
the Surgery of Obesity and Metabolic Disorders supports bariatric
surgery in carefully chosen older patients aged over 65 years with
clinical indications for the procedure.

Notably, bariatric procedures can increase the risk of alcohol
misuse”**’, The suggested mechanisms involved in this association
include changes in alcohol pharmacokinetics, with a rapidly attained
maximum blood alcohol concentration disproportionately high in
relation to the dose consumed, and changes in hormonal secretion,
with neurohormonal shifts after bariatric surgery determining changes
in reward processing and dopamine signalling®’. Thus, a standardized
approachto preoperative screening and postoperative screening and
care of alcohol use disorder is warranted.

Conclusions

Liver healthisshaped early inlifeand must be addressed at every devel-
opmental stage, with specific attention to nutrition, physical activity,
psychosocial and social context, and genetic predisposition. Every
stage of life presents opportunities for prevention and intervention.
A nuanced understanding of age-related risks, social determinants,
comorbidities and susceptibilities enables targeted lifestyle, behav-
ioural and, whennecessary, pharmacological treatments. As the global
burden of MASLDrrises, integrating age-sensitive strategies into clinical
guidelines, public healthinitiatives and health systemsis vital. Although
emerging therapeutics show promise, sustained policy efforts that
promote healthy environments, reduce stigma, ensure food equity
and accessibility to personalized lifestyle support remain central to
addressing this complex, multifactorial disease®*10513>25-262,

Data availability

The data sources for Fig. 1 and Supplementary Tables 1 and 2 were
the Institute for Health Metrics and Evaluation (IHME) and the Global
Burdenof Disease Study 2021 (see GBD results tool), and the datasource
for Supplementary Table 3was NHANES 2017-2023, available from the
Centers for Disease Control and Prevention (NHANES).
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ACSM: Physical Activity Vital Sign: https://www.exerciseismedicine.org/wp-content/
uploads/2021/04/EIM-Physical-Activity-Vital-Sign.pdf

CDC: Preventing childhood obesity: https://www.cdc.gov/obesity/family-action/index.html
Duke Activity Status Index (DASI): https://www.mdcalc.com/calc/3910/duke-activity-
status-index-dasi

EASL policy statement: Ending stigma and discrimination: https://easl.eu/wp-content/
uploads/2025/06/EASL-Policy-Statement-Ending-stigma-and-discrimination.pdf

GBD results tool: https://vizhub.healthdata.org/gbd-results/

Lifestyle and health risk questionnaire: https://intermountainhealthcare.org/ckr-ext/
Demnt?ncid=528096659

Move Your Way: https://odphp.health.gov/moveyourway/get-kids-active

myfitnesspal: Nutrition tracking for real life: https://www.myfitnesspal.com/

National Health and Nutrition Examination Survey: https://www.cdc.gov/nchs/nhanes
Physical activity readiness questionnaire (2023 PAR-Q+): https://www.nasm.org/content/
dam/nasm/docs/nasmlibraries/pdf/parg-plus-jan-2023-image-file.pdf

STRAVA: Community-powered motivation: https://www.strava.com/

UK guidance: Falls: https://www.gov.uk/government/publications/falls-applying-all-our-health/
falls-applying-all-our-health

UK guidance: Physical activity guidelines: early years (under 5s): https://www.gov.uk/
government/publications/physical-activity-guidelines-early-years-under-5s
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