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Abstract
Metabolic dysfunction-associated fatty liver disease (MAFLD) affects over one-fourth of the global adult population and 
is the leading cause of liver disease worldwide. To address this, the Asian Pacific Association for the Study of the Liver 
(APASL) has created clinical practice guidelines focused on MAFLD. The guidelines cover various aspects of the disease, 
such as its epidemiology, diagnosis, screening, assessment, and treatment. The guidelines aim to advance clinical practice, 
knowledge, and research on MAFLD, particularly in special groups. The guidelines are designed to advance clinical practice, 
to provide evidence-based recommendations to assist healthcare stakeholders in decision-making and to improve patient 
care and disease awareness. The guidelines take into account the burden of clinical management for the healthcare sector.

Abbreviations
APASL	� Asian Pacific Association for the Study of 

the Liver
ALT	� Alanine aminotransferase
AST	� Aspartate transaminase
BMI	� Body mass index
CAP	� Controlled attenuation parameter
CKD	� Chronic kidney disease
CVD	� Cardiovascular disease
ELF	� Enhanced liver fibrosis
FIB-4	� Fibrosis-4 Index
HCC	� Hepatocellular carcinoma
HSD17B13	� Hydroxysteroid 17-beta dehydrogenase-13
GCKR	� Glucokinase regulator
GLP-1RA	� Glucagon-like peptide-1 receptor agonists
LSM	� Liver stiffness measurement

MAFLD	� Metabolic dysfunction-associated fatty liver 
disease.

MASH	� Metabolic dysfunction-associated 
steatohepatitis

MBOAT7	� Membrane-Bound O-Acyltransferase 
Domain Containing 7

NITs	� Non-invasive tests
PNPLA3	� Patatin-like phospholipase domain-contain-

ing protein 3
SGLT2i	� Sodium-glucose cotransporter 2 inhibitors
T2DM	� Type 2 diabetes mellitus
TM6SF2	� Transmembrane 6 superfamily member 2
VCTE	� Vibration controlled transient elastography

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s12072-024-10774-3&domain=pdf


	 Hepatology International

Introduction

The Asia–Pacific region is the largest global landmass 
with more than half of the world's population. Approxi-
mately half of the global burden of liver disease, mainly 
cirrhosis and hepatocellular carcinoma (HCC) and liver-
related mortality occurs in this region [1]. While there 
has been substantial improvements in the prevention and 
treatment of viral hepatitis, the prevalence of metabolic 
dysfunction-associated fatty liver disease (MAFLD) is 
expected to increase in the future due to the rising bur-
den of metabolic disorders and the consumption of energy 
dense, nutrient-poor foods, a sedentary lifestyle and 
reduced physical activity, both in high and low resources 
settings. A person living with MAFLD plays a vital role in 
their disease management, as the cornerstone of treatment 
is adherence to a healthy diet and being physically active. 
In this context, the development of effective strategies for 
managing MAFLD is paramount for reducing liver-related 
morbidity and mortality [2].

This document is the clinical practice guidelines of 
the Asian Pacific Association for the Study of the Liver 
(APASL) on MAFLD. These guidelines provide a broad 
framework for its management, encompassing aspects such 
as diagnosis, screening, treatment, surveillance, and detec-
tion of related co-morbid diseases. They are also designed 
to offer practical insights for healthcare professionals treat-
ing adult patients with MAFLD, with particular reference 
to special groups whenever necessary. The statements in 
this document adhere to the Grading of Recommendation 
Assessment, Development, and Evaluation approach as 
outlined in Table 1. The ultimate goal is to enhance patient 
care and raise awareness about MAFLD, while also aid-
ing stakeholders in making informed decisions based on 
evidence-based data.

Epidemiology

The prevalence of MAFLD in the Asia–Pacific region ranges 
from 28 to 40%, largely reflecting that observed globally 
[4–6]. A recent meta-analysis provides more specific preva-
lence rates for different regions as follows: South Asia 34% 
(23 − 47%), South-East Asia 33% (19 − 51%), East Asia 30% 
(26 − 34%), and the Pacific region 28% (25 − 32%) [6]. The 
escalating prevalence of MAFLD in the aging population, 
currently impacting 120 million elderly people is anticipated 
to place a significant burden on the healthcare system in 
the near future [7]. the global steatohepatitis prevalence is 
5.27%, with around 4.49% in the Asia Pacific. Additionally, 
the rising prevalence among young people is very concern-
ing as the related health burden will be experienced across 
the lifespan.

At a country level, a study in China which included 
75,570 participants undergoing regular health check-up vis-
its, reported an overall MAFLD prevalence of 37%, with a 
higher rate in men (46%) than women (24%) [8]. The study 
also found that the prevalence increased with advancing age 
[8]. Another investigation from an urban Chinese popula-
tion found an MAFLD prevalence of 26% as determined by 
ultrasonography [9]. Likewise, in a study of 6146 partici-
pants from New Delhi, India, approximately half of the study 
population was found to have MAFLD [10]. Another study 
which included 2782 participants showed that about one-
third of the population of Bangladesh is affected by MAFLD 
[11]. A nationwide study from South Korea, which utilized 
ultrasonography and magnetic resonance elastography to 
investigate hepatic steatosis and fibrosis, reported MAFLD 
prevalence of 34% [12]. Of these patients, 3% exhibited 
advanced fibrosis. In a Japanese cohort of 2254 patients who 
underwent transient elastography during regular check-up 
visits, 35% were diagnosed with MAFLD. Of these, 9% had 

Table 1   Evidence grade used for the APASL Clinical Practice Guidelines on MAFLD (adapted from the GRADE system) [3]

Grading of evidence Notes Symbol

High quality Further research is very unlikely to change our confidence in the estimate effect A
Moderate quality Further research is likely to have an important impact on our confidence in the estimate of effect 

and may change the estimate effect
B

Low or very low quality Further research is very likely to have an important impact on our confidence in the estimate of 
effect and may change the estimate effect. Any estimate of effect is uncertain

C

Grading of recommendations Notes Symbol

Strong recommendation warranted Factors influencing the strength of the recommendation included the quality of the evidence, 
presumed patient-important outcomes, and cost

1

Weaker recommendation Variability in preferences and values, or more uncertainty: more likely a weak recommendation is 
warranted

Recommendation is made with less certainty; higher cost or resource consumption

2
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an increased risk for progressive liver disease as determined 
by the FibroScan-AST (FAST) score [13]. A separate inves-
tigation conducted in North Eastern Iran of 4242 patients 
reported an MAFLD prevalence of 23% [14]. A multicenter 
study from Turkey, representative of the general population, 
revealed a higher prevalence of MAFLD at 46% [15]. Nota-
bly, this cohort exhibited a more dysfunctional metabolic 
profile, with prevalence rates of obesity, type 2 diabetes 
mellitus (T2DM), metabolic syndrome, dyslipidemia, and 
hypertension of 43%, 25%, 52%, 92%, and 32%, respectively. 
Another Turkish study which included 424 biopsy-proven 
MAFLD patients, found that 16% of patients had evidence 
of advanced fibrosis [16]. Similarly, MAFLD prevalence in 
Australia has increased from 33 to 39% between 2003 and 
2018[17]. Another study from Australia of 722 participants 
from randomly selected households showed that the unad-
justed prevalence was 47% [18].

Considering the collective data from investigations 
conducted in the Asia–Pacific, it is evident that patients 
with MAFLD from this region exhibit impaired metabolic 
profiles and an elevated risk for progressive liver disease, 
notwithstanding variations attributable to discrepancies in 
study methodologies and ethnic backgrounds. However, 
the epidemiological patterns in Asian countries largely 
align with global trends [6].

Definition and diagnosis of MAFLD

To address issues with the former nonalcoholic fatty liver 
disease (NAFLD) term, APASL was the first society to 
endorse the MAFLD definition [19]. MAFLD is a shift 
towards a diagnosis of inclusion based on the presence 
of metabolic dysfunction, the key driver of the disease 
[20, 21].

The diagnosis of MAFLD is based on the detection of 
liver steatosis (liver histology, non-invasive biomarkers 
or imaging) together with the presence of at least one of 
three criteria that include overweight or obesity, T2DM, 
or clinical evidence of metabolic dysfunction in lean sub-
jects (Fig. 1).

Recent data confirm the superior utility of MAFLD 
for identifying patients at high risk for hepatic and extra-
hepatic complications [22], as well as those who would 
benefit from genetic testing, including patients with con-
comitant other liver diseases. As MAFLD segregates 
patients into three homogenous groups (diabetic, over-
weight/obese and lean with evidence of metabolic dys-
function) with different baseline characteristics, clinical 
trajectories and outcomes, it represents an advance for 
the field in how we should think of liver disease related 
to systemic metabolic dysregulation [23]. Additionally, 

MAFLD can guide efforts towards a more inclusive, equi-
table, and patient-centered approach.

Risk factors for MAFLD

The pathogenesis of MAFLD is complex and likely influ-
enced by the dynamic interactions between various risk 
factors such as central obesity, T2DM, dyslipidemia, and 
genetic risk factors.[24] These risk factors can be divided 
into modifiable and non-modifiable categories (Table 2).

The presence of obesity is associated with MAFLD, and 
the prevalence of MAFLD increases as body mass index 
(BMI) increases [9, 25, 26]. In addition to BMI, growing 
evidence suggests that central obesity plays a major role in 
the development and progression of MAFLD [27]. Central 
obesity should be considered when assessing risk factors in 
Asian patients with MAFLD [28] as they are more likely 
to have high central fat deposition despite a lower BMI 
[24]. It was reported that T2DM is a major risk factor for 
the development and progression of MAFLD [26], and the 
global prevalence of MAFLD among patients with T2DM 
is approximately 65% [29]. Dyslipidemia also affects the 
development of MAFLD [26].

While overweight/obesity is associated with the onset 
and progression of MAFLD, weight gain without reaching 
overweight status plays a crucial role in metabolic disease 
pathogenesis and in MAFLD [30]. According to a systematic 
review of 93 studies from 24 countries and areas around the 
world, among individuals with MAFLD, 19% were classi-
fied as lean, while 41% were classified as non-obese with no 
differences in histological severity between lean and obese 
patients. Remarkably, about one-third of patients with nor-
mal BMI and MAFLD meet the criteria for metabolic syn-
drome [31].

A low level of physical activity is reported to increase the 
risk of MAFLD [32, 33]. Similarly, sarcopenia and MAFLD 
share many common pathophysiologic mechanisms, thus 
they are associated in a bidirectional manner [34, 35]. 
The risk of MAFLD increases in the presence of sarcope-
nia, and sarcopenia is associated with significant fibrosis 
[36–38]. Recently, it has been suggested that myosteatosis 
and muscle quality can play an important role in the pro-
gression of early-stage MAFLD [39, 40], even among the 
non-obese population [41]. A high-caloric or high-fructose 
diet is another risk factor for MAFLD, regardless of obesity 
[42, 43]. Recent studies indicate that gut microbiota and its 
metabolites play a critical role in the onset of MAFLD [44, 
45]. In addition, obstructive sleep apnea, hypothyroidism, 
polycystic ovary syndrome, and hypogonadism are associ-
ated with the development of MAFLD [46–49].

As for non-modifiable risk factors, a study of 73,566 
ethnic Chinese reported that male sex and older age were 
risk factors for MAFLD [25]. Genetic factors contribute 
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to the development and progression of MAFLD. For 
example, gene variants such as PNPLA3, TM6SF2 and 
MBOAT7 are associated with the full spectrum of MAFLD 
[50–52]. Growing evidence also suggests that epigenetic 
factors are implicated in MAFLD pathogenesis. Likewise, 
the length of telomeres in liver cells shortens as fibrosis 
stage advances in patients with MAFLD [53, 54].

Natural history of MAFLD

The progression of MAFLD is complex and not entirely 
clear due to it being part of a multisystem disorder with 
hepatic and extrahepatic complications. In general, the nat-
ural history of MAFLD is slowly progressive, starting with 
metabolic dysfunction-associated fatty liver (Simple stea-
tosis) characterized by lipid accumulation in liver cells. 
It is estimated that within 7 years, about 44% of patients, 
especially those with genetic predisposition, will develop 
lipotoxicity leading to steatohepatitis-(Metabolic dysfunc-
tion-associated steatohepatitis—MASH) [55]. However, 
observational data also indicate that MASH patients may 
regress to steatosis spontaneously (around 7% within 7 
years) although it is uncertain if this is true regression, is 
due to variability in liver biopsy, or due to improvements 
in systemic metabolic dysregulation. Patients with pure 
fatty infiltration without inflammation or fibrosis have a 
relatively low risk of disease progression [56].

At the MASH stage, characterized by the activation 
of inflammatory cascades in various cell types (includ-
ing Kupffer cells and stellate cells), there is excessive 
intercellular matrix deposition. This leads to early-stage 
liver fibrosis occurring in about a quarter of patients over 
approximately 3.4 years [57]. The average progression rate 
by an additional one fibrosis stage in patients with steato-
sis and steatohepatitis is 14.3 years and 7.1 years, respec-
tively [58]. Approximately 16% of patients with low-grade 
fibrosis (< F3) will progress to advanced fibrosis [6]. How-
ever, around 13.2% of patients may experience regression, 
reducing by one fibrosis stage [59].

Approximately 2.6% of people with MAFLD-related 
cirrhosis will develop HCC annually [60]. A systematic 
review showed that among 470,404 MAFLD patients, the 
incidence rate of HCC was 0.03/100 person-years, and 
3.78/100 person-years in the pre-cirrhotic and cirrhotic 
stages, respectively [61]. Additionally, data show that 

35–47% of HCC cases among patients with MAFLD may 
develop in the absence of cirrhosis [62, 63].

Assessment for MAFLD

MAFLD affects a large proportion of the general popula-
tion, but only a small yet significant proportion develop 
advanced liver fibrosis (≥ F3 stage) [64]. Patients with 
advanced liver fibrosis are at increased risk of liver-
related events and mortality [65, 66]. However, patients 
with MAFLD, even in the presence of advanced liver 
fibrosis, are often asymptomatic and may present for the 
first time with hepatic decompensation, thereby missing 
the opportunity for preventive intervention [67]. Wide-
spread screening for MAFLD in the general population 
followed by treatment is currently not justified until further 
evidence emerges. Therefore, active case findings among 
high-risk groups are more appropriate.

Ultrasonography, the most common test for the diag-
nosis of hepatic steatosis can be utilised for screening. 
There is a high prevalence of MAFLD among patients with 
T2DM who are at increased risk of steatohepatitis and for 
advanced liver fibrosis [68, 69]. Furthermore, T2DM has 
been identified as an independent risk factor for hepatic 
decompensation and HCC among patients with MAFLD 
[70]. Therefore, patients with metabolic comorbidities 
generally and those with T2DM particularly, represent an 
important target population for identification of MAFLD 
and advanced liver fibrosis. In this context, assessment 
of the liver can be included as part of the assessment for 
target organ damage in patients with T2DM. This can be 
achieved with simple blood tests (i.e., serum ALT and 
AST levels and platelet count) and blood-based biomark-
ers and scores.

Should the high‑risk population be assessed 
for MAFLD?

Recommendations

•	� Ultrasonography should be undertaken in at-high-
risk populations such as those with T2DM (A1).

•	� In those with overweight/obesity or those with two 
metabolic risk factors (such as hypertension or dys-
lipidemia), consideration should be given to assess-
ment with ultrasonography for active case finding 
of MAFLD (A1).

•	� Patients with MAFLD should be assessed for other 
metabolic comorbidities (such as hypertension or 
dyslipidemia) and be managed accordingly (A1).

Fig. 1   Recommended algorithm to diagnose, evaluate, and monitor 
disease severity in suspected patients with MAFLD and management 
approach for confirmed cases. HDL-cholesterol, high-density lipo-
protein cholesterol; FIB-4, Fibrosis-4 index; NFS, MAFLD fibrosis 
score; ELF, enhanced liver fibrosis; SSI, supersonic shear imaging; 
ARFI, acoustic radiation force impulse; VCTE, vibration-controlled 
transient elastography; MRE, magnetic resonance elastography

◂
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Recommended pathway for referral from primary 
care to tertiary hospital

Clear referral pathways aid in risk-stratifying patients who 
are most in need of specialist assessment, from those with 
mild disease who can be managed in primary care.

Elevated serum alanine aminotransferase (ALT) and 
aspartate transaminase (AST) levels should prompt evalu-
ation for the cause of liver injury. However, normal serum 
ALT and AST levels do not exclude underlying liver dis-
ease. Patients with MAFLD and steatohepatitis and/or 
advanced liver fibrosis or cirrhosis can have normal serum 
ALT and AST levels [71–73]. Current risk-stratification 
algorithms use non-invasive tests (NIT’s) in a sequential 
fashion to identify patients with advanced liver fibrosis 
(F3-4) who are present in 2-5% of the primary care popu-
lation [12, 74, 75]. Recent studies have shown that signifi-
cant liver fibrosis (F2-4) is associated with an increased 

risk of liver-related death compared to no fibrosis. This 
population is currently the target of ongoing clinical trials.

Currently, there is no standardised cutoff established for 
diagnostic accuracy for advanced fibrosis; the recommended 
cutoffs to rule in advanced hepatic fibrosis using NITs are 
shown in Table 3. Fibrosis-4 Index (FIB-4) is recommended 
as the first-line test for fibrosis assessment in general prac-
tice. Although it has modest accuracy with a meta-analysis 
of 37 studies (n=5735) finding a summary area under the 
curve (AUC) of 0.76, its appeal relates to its availability 
and low-cost.[76] A cut-off of 1.3 has a sensitivity of 74% 
(95% CI 72–76%) and a negative predictive value (NPV) 
of 95–97% for excluding advanced fibrosis, highlighting its 
role in identifying patients who can remain in primary care. 
These patients should be monitored with a repeat FIB-4 in 
2-3 years; patients with an FIB-4 persistently <1.3 are at 
very low risk of developing cirrhosis and HCC.[77] A cut-
off of 2.67 is 94% (95% CI 93–94%) specific for advanced 
fibrosis and patients above this threshold should be referred 
for specialist assessment.[76] It is important to recognize 

Table 2   Risk factors for MAFLD

Notably, many of these factors could be association, it is hard to ascertain the causality
PNPLA3 patatin-like phospholipase domain-containing protein 3, TM6SF2 transmembrane 6 superfamily member 2, GCKR glucokinase regula-
tor, MBOAT7 membrane Bound O-Acyltransferase Domain Containing 7, HSD17B13 hydroxysteroid 17-beta dehydrogenase-13

Modifiable risk factors Non-modifiable risk factors

Metabolic syndrome
Overweight/obesity
Central obesity
Type 2 diabetes mellitus
Dyslipidemia
Insulin resistance
Hypertension
High-caloric/fructose diet
Low level of physical activity
Sarcopenia
Myosteatosis
Gut dysbiosis
Obstructive sleep apnea
Hypothyroidism

Older age
Male sex
Genetic variations (PNPLA3, TM6SF2, GCKR, MBOAT7, MERTK and HSD17B13)

Table 3   Recommended cutoff 
to rule in advanced hepatic 
fibrosis

Noninvasive test Recommended cutoff to rule in advanced 
hepatic fibrosis

Advanced fibrosis (F3–4) 
by biopsy, AUROC (95% 
CI)

Serum
 FIB-4 score  > 2.67 0.83 (0.79–0.86)
 ELF  > 9.8 0.81 (0.77–0.85)
 ADAPT score  > 6.328 0.86 (0.83‐0.91)
Imaging
 VCTE, kPa  > 12 0.93 (0.89–0.96)
 SWE, kPa  > 8 0.89 (0.80–0.98)
 MRE, kPa  > 3.6 0.93 (0.90–0.96)
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that the positive predictive value (PPV) of a FIB-4 >2.67 in 
primary care is only 24–40%, highlighting the need for other 
investigations to confirm a diagnosis of advanced fibrosis. 
Approximately 30% of patients will have an indeterminate 
FIB-4 between 1.3 and 2.67 and will benefit from further 
testing.[78, 79]. There are limitations of FIB-4 in screen-
ing for advanced liver fibrosis, particularly in individuals 
with diabetes. Additionally, the FIB-4 score is affected by 
age, making it less reliable in patients under 35 or over 65 
years old. Although using age-specific thresholds raising 
the cut-off for participants ≥65 years old from 1.3 to 2.0 
(while high-risk thresholds remain the same) was suggested, 
it might lead to an undesirable reduction in sensitivity (from 
84 to 36%). Nevertheless, considering the widespread occur-
rence of MAFLD in the general population, it is reasonable 
to use a cutoff of <1.3, along with other clinical measures, 
to rule out most individuals with advanced fibrosis. The 
potential coexistence of MAFLD with other liver diseases, 
including viral hepatitis and alcohol-related liver disease, 
should be considered, particularly in patients with persis-
tently elevated liver enzymes or higher FIB-4 levels.

Second-line testing of patients who fall within indeter-
minate FIB-4 ranges can be performed using elastography 
or direct serum tests according to local availability and 
cost. Vibration-controlled transient elastography (VCTE) 
or Fibroscan® accurately excludes advanced fibrosis, with 
a large multicentre study from Asia demonstrating a liver 
stiffness measurement (LSM) threshold of 8 kPa being 96% 
sensitive with an NPV of 99.7% [80]. XL probes are avail-
able to determine LSM in overweight or obese patients. 
Subjects with an indeterminate FIB-4 and a subsequent 
LSM of < 8 kPa can be managed in primary care and have 
a rate of risk of future liver-related events that is similar 
to patients with a FIB-4 < 1.3 [81]. Two-dimensional shear 
wave elastography (2D-SWE) using the Aixplorer® platform 
provides similar accuracy to VCTE when used in a sequen-
tial fashion in MAFLD patients with an indeterminate FIB-4 
result [82]. In a study of 577 patients, a threshold of 8 kPa 
using 2D-SWE provided a false negative rate of 8% for the 
presence of advanced fibrosis, however, the rate of invalid 
scans was relatively high (23%) [82]. The most accurate non-
invasive method to quantify liver fibrosis is MR elastography 
[83], but this has limited accessibility and requires additional 
technical hardware beyond a standard MR scan and is not 
recommended as a first-line approach for risk stratification 
in a patient with MAFLD [84].

A strategy of using the Enhanced Liver Fibrosis (ELF) 
test (which is a serum test that measures 3 molecules that 
are directly involved in liver matrix metabolism: (1) hya-
luronic acid (HA), (2) procollagen III amino-terminal 
peptide (PIIINP), and (3) tissue inhibitor of matrix metal-
loproteinase 1 (TIMP-1)) for those with an indeterminate 
FIB-4, has a low false negative rate (8%) for predicting 

an elevated LSM (>8 kPa) when using an ELF cut-off of 
9.8.[78] This strategy is also associated with a reduced 
referral rate of 14% [78]. A study based in primary care in 
the UK confirmed the effectiveness of the sequential use of 
FIB-4 followed by ELF, demonstrating a four-fold increase 
in the diagnosis of advanced fibrosis and cirrhosis and an 
81% reduction in unnecessary referrals [85]. Other direct 
serum tests include Hepascore (a serum fibrosis model that 
uses bilirubin, α2-macroglobulin, hyaluronic acid, and 
γ-glutamyl transpeptidase) and Fibrometer (which includes 
indirect blood markers (AST, urea, platelets, prothrombin 
time) and direct (hyaluronate, alpha2-macroglobulin)) tests 
which have similar accuracy to VCTE for predicting liver-
related events in patients with MAFLD [86]. In a study of 
938 MAFLD patients, sequential use of FIB-4 followed 
by Hepascore or Fibrometer had diagnostic accuracies of 
80–83% and 100% specificity for both approaches, but only 
50–59% sensitivity for the diagnosis of advanced fibrosis 
[87]. A PRO‐C3‐based score (ADAPT) accurately identi-
fies patients with MAFLD and advanced fibrosis [88, 89].

Implementing referral pathways in primary care needs 
to be combined with educational strategies to increase dis-
ease awareness and understanding of the prevalence, natu-
ral history and assessment of patients with MAFLD.[90] 
Computer decision support systems consisting of auto-
matic liver fibrosis risk calculators and electronic remind-
ers can aid in increasing referrals.[91] New combinations 
of novel NIT’s are likely to be more accurate and can 
result in fewer inappropriate referrals, however, they will 
need to be of low cost and easily available to enable wide-
spread implementation. With effective pharmacotherapy 
likely available in the near future, referral pathways will 
need to be altered to identify ‘At Risk MASH’ (MASH 
and significant fibrosis, F2/F3 stage), the patient group 
targeted in current clinical trials.

What is the recommended referral pathway?

Recommendations

•	� FIB-4 should be the first line test for risk-stratifi-
cation of patients with MAFLD in primary care. 
Patients with a score < 1.3 can be managed in pri-
mary care and monitored with repeat testing in 2–3 
years (B1).

•	� Patients with a FIB-4 between 1.3 and 2.67 should 
undergo secondary testing with elastography or a 
direct serum fibrosis test or a more accurate NIT 
such as MRE, or even liver biopsy (A2).

•	� Patients with a FIB-4 > 2.67 should be referred to 
an appropriate specialist (B1).
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Assessment of disease severity

Hepatic steatosis is traditionally detected by conventional 
ultrasonography, although this is limited by its non-quanti-
tative nature, inter-operator variability and lower sensitiv-
ity for mild steatosis [92]. Controlled attenuation param-
eter (CAP), performed via VCTE, quantifies ultrasound 
attenuation radiofrequency which correlates with the 
histological degree of steatosis. Based on a meta-analysis 
of biopsy-based studies, optimal cut-offs of 248, 268 and 
280 dB/m were reported for histological mild, moderate 
and severe steatosis respectively, achieving area under the 
curves of 0.82–0.89 [93]. While CAP measurements are 
extensively used due to their point-of-care applicability 
and easy reproducibility, variabilities in quantification still 
exist especially in patients with obesity and other meta-
bolic risk factors and the association between CAP meas-
urements and clinical outcomes are not well established. 
To optimize diagnostic performance, the obesity-specific 
XL probe has been developed [94], while an interquartile 
range of 40 dB/m is employed as a criterion for the origi-
nal M probe [95]. Magnetic resonance (MR)-proton den-
sity fat fraction (PDFF) is the most accurate non-invasive 
method for steatosis quantification but has limited acces-
sibility [96]. Additionally, blood biomarkers and scores, 
such as the fatty liver index (FLI), are considered suitable 
for epidemiological studies to detect hepatic steatosis in 
adults.

Histological steatohepatitis, characterized by hepato-
cyte injury and ballooning, is associated with an increased 
rate of disease progression and liver-related complications 
[58]. Serum ALT alone poorly predicts the presence of 
steatohepatitis [97]. The FAST score, which combines 
LSM and CAP from VCTE and serum AST, was found 
in a meta-analysis to achieve a sensitivity and specific-
ity of 89% for identifying patients with steatohepatitis, 
increased inflammatory activity and significant fibrosis 
[98]. No other serum or ultrasound-based single biomarker 
or multimarker score was able to accurately predict steato-
hepatitis [99, 100]. The combined assessment of a ≥ 30% 
decline in MRI-PDFF and a ≥ 17 U/L decrease in ALT are 
associated with an increased probability of steatohepatitis 
resolution (adjusted odds ratio 7.32), although this finding 
has yet to be validated in real-world practice [101].

Non-invasive tests are predictive of clinical outcomes. 
The abovementioned FIB-4 and LSM combination are 
independent predictors of liver-related events [81, 102], 
and on their own had a similar predictability as histolog-
ically-assessed liver fibrosis [65]. Non-invasive tests can 
hence be considered as alternatives to liver biopsy for dis-
ease prognostication.

How and what non‑invasive scores to use 
in MAFLD?

Recommendations

•	� Abdominal ultrasonography is the recommended first-
line tool for identifying hepatic steatosis (A1).

•	� If vibration-controlled transient elastography (VCTE) 
is accessible, controlled attenuation parameter (CAP) 
measurement may be utilized as a more sensitive tool 
compared to ultrasonography. In situations where 
imaging modalities are not available or practical, 
such as in large epidemiological studies, alternative 
methods such as serum biomarkers and scores like the 
fatty liver index (FLI) may be used for diagnosing 
steatosis (B2).

•	� While magnetic resonance imaging-based tech-
niques like MRI-PDFF and MRS are considered 
the gold standard to quantify liver fat, they are not 
recommended for routine clinical practice but are 
valuable in early-phase clinical trials (A1).

•	� Currently, there is no reliable biomarker for stea-
tohepatitis, and liver biopsy remains the standard 
method for its evaluation (A1).

•	� Ruling out a high risk of significant or advanced 
fibrosis is acceptable using non-invasive methods 
such as liver stiffness measurement by VCTE or 
shear wave elastography, as well as blood biomark-
ers and fibrosis scores (A2).

•	� The confirmation of significant or advanced fibro-
sis using liver stiffness measurement and/or serum 
biomarkers/scores is less precise and may require 
sequential combinations of biomarkers/scores or 
necessitate further confirmation by liver biopsy 
based on the clinical context (B2).

Who should undergo liver biopsy?

Liver biopsy is the best method to evaluate hepatic architec-
tural distortion and the complex relationships between fibro-
sis, inflammation, and cellular injury. While liver biopsy is 
not routinely recommended for the evaluation of MAFLD 
patients, it remains required for MAFLD evaluation in some 
circumstances. This includes patients with atypical presenta-
tions where histology can be an aid to diagnosis, especially 
in individuals with equivocal or discordant non-invasive test 
results. Patients enrolled in late phase clinical trials require 
liver biopsy as regulatory authorities require the resolu-
tion of steatohepatitis and/or improvement in fibrosis as 
endpoints. These endpoints can only be evaluated by liver 
biopsy [103]. Lastly, liver biopsy results are used as refer-
ence standards to validate non-invasive biomarkers.
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There are limitations to liver biopsy including sampling 
error, interobserver variability, and cost, as well as some 
rare complications [104]. It is worth noting that staging 
and classification systems are heavily reliant on the assess-
ment of fibrosis and inflammation. However, liver tissue 
sampling by a biopsy is one snapshot of a miniscule por-
tion of the liver in an otherwise long-term, fluctuating 
chronic liver disease that spans decades. Liver biopsy does 
not consider changes in the inflammatory state, i.e. chronic 
or sporadic relapse, as is found in many chronic liver dis-
eases [105] and this may also be the case with MAFLD.

When is a liver biopsy indicated in MAFLD?

Recommendations

Liver biopsy could be considered in the following condi-
tions: (A1).

•	� When the diagnosis is uncertain and there is a need 
to evaluate for dual etiologies.

•	� When non-invasive tests for fibrosis show results that are 
either indeterminate or dis-concordant, and risk strati-
fication based on non-invasive test alone is inadequate 
and an accurate staging of fibrosis is required.

•	 Ethics approved clinical research.

Pathological recommendations: standardisation 
of assessment and reporting

If percutaneous liver biopsy is performed, a 14 or 16-gauge 
needle is recommended since there is no data to suggest a 
higher complication rate as compared to the use of a smaller 
needle [106]. Suction biopsy should be avoided since it can 
cause fragmentation of cirrhotic liver tissue. An optimum 
biopsy should be 1.5–2.5 cm in length and when possible, 
the right lobe of the liver is preferred since the left lobe is 
thinner with more fibrous septa closer to the liver capsule. 
Once obtained, fresh tissue should be immersed in 10% neu-
tral buffered formalin immediately and left for fixation for at 
least 6 h, but less than 72 h.

The minimum required staining includes hematoxylin and 
eosin (H&E; for detection of morphological features includ-
ing lobular inflammation, ballooning, and steatosis) and 
Masson trichrome (for detection of fibrosis); alternatively, 
Picrosirius red or Mallory’s stain can be used for detection 
of fibrosis.

Pathological reporting systems

The common system for evaluation of fibrosis in MAFLD is 
the Brunt score [107]. The NAFLD activity score (NAS) is 
composed of the unweighted sum of semiquantitative scores 
for steatosis, lobular inflammation and hepatocellular bal-
looning. Although a high NAS grade closely links to disease 

Table 4   Comparisons of grading and staging of histological lesions in MAFLD

Kleiner et al., Brunt et al. (NAS)[108] Bedossa et al. (SAF)[109]

Steatosis 0: < 5%
1: 5–33%
2: > 33–66%
3: > 66%

0: < 5%
1: 5–33%
2: 34–66%
3: > 67%

Lobular inflammation 0: None
1: < 2 foci per 20X
2: 2–4 foci per 20X
3: > 4 foci per 20X

0: None
1: < 2 foci per 20X
2: > 2 foci per 20X

Hepatocyte ballooning 0: None
1: Few
2: Many

0: None
1: Clusters of hepatocytes of similar size to normal 

hepatocytes with round shape and reticulated 
cytoplasm

2: Clusters of hepatocytes at least > 2 times normal 
size with rounded shape and reticulated cytoplasm

Fibrosis Not part of the NAS score
0: None
1a: Delicate perisinusoidal
1b: Dense perisinusoidal
1c: Portal only
2: Perisinusoidal and periportal
3: Bridging
4: Cirrhosis

0: None
1a: Delicate perisinusoidal
1b: Dense perisinusoidal
1c: Portal only
2: Perisinusoidal and periportal
3: Bridging
4: Cirrhosis



	 Hepatology International

progression, grading should be used in conjunction with the 
NASH CRN fibrosis staging system.

The fatty liver inhibition of progression (FLIP) algorithm 
or SAF (steatosis, activity, and fibrosis) scoring system also 
provides a detailed histological assessment (Table 4). [108] 
[109]

Overall, the NAS and SAF score share many similarities, 
but they are not interchangeable, and both the NASH CRN 
and SAF score show improved interobserver variability and 
has been validated clinically. Integration of both might be of 
added value. However, a recent study has shown that current 
reporting systems remain suboptimal for end-point deter-
mination in clinical trials [110, 111]. Digital image analy-
sis and artificial intelligence (AI) show strong correlations 
with fibrosis but their performance is lower when assessing 
inflammation. More data will be generated in this field over 
the coming years.

What is the recommended pathological reporting 
system?

Recommendations

•	� Standardized reporting of histological lesions in 
MAFLD patients is vital to understand its natural 
history, for enrolment in clinical trials, for evaluation 
of response to treatment and for comparison of data 
from different geographic locations (A1).

•	� Histological evaluation should include at least 
hematoxylin and eosin stains, and either Masson’s 
trichrome stain or picrosirius red stain (A1).

•	� Reporting should be standardised using either the 
FLIP algorithm and SAF score or the NASH CRN 
system (B1).

Extrahepatic manifestations of MAFLD

MAFLD is a multi-system disease [112–114]. Existing evi-
dence has confirmed that MAFLD is associated with dys-
function in multiple organ systems, including cardiovascu-
lar disease (CVD), chronic kidney disease (CKD), T2DM 
and extrahepatic cancers [115–124]. In addition, MAFLD 
is associated with sarcopenia, chronic obstructive pulmo-
nary disease, SARS-Co-V2 infection and related morbidity, 
ischemic stroke and cognitive dysfunction [115, 125–129]. 
In one study, compared to non-MAFLD, MAFLD was asso-
ciated with increased risk of 10 of the 24 examined cancers, 
including those of the uterus, gallbladder, liver, kidney, thy-
roid, oesophagus, pancreas, bladder, breast, colorectum and 
anal canal [130].

Many studies have shown that MAFLD is an independ-
ent risk factor for CKD, and its severity is associated with 
a ~ 1.3-fold higher risk of having CKD [115, 116, 131–133]. 

Similar to CKD, CVD is an important outcome event in the 
MAFLD population. Previous studies indicate that patients 
with MAFLD have 1.5 times the risk of fatal and non-fatal 
CVD events compared to patients without MAFLD. This 
result was also confirmed in a recent meta-analysis of seven 
cohort studies [120, 124, 134, 135].

The molecular mechanisms for these multi-system effects 
are complex. Proposed mechanisms include genetic predis-
position, shared environmental risk factors and interacting 
metabolic diseases, the gut-liver axis, bile acids, endotoxins 
and adipokines in the setting of a dysmetabolic milieu. In 
concert to varying degrees, these factors promote MAFLD 
progression [136–140].

How to manage the extra‑hepatic manifestations 
of MAFLD?

Recommendations

•	� MAFLD patients should be assessed for cardiovas-
cular disease, cardiovascular disease risk and chronic 
kidney disease. The appropriate specialist should be 
consulted when required (A1).

•	� dyslipidemia, hypertension, and diabetes mellitus 
should be identified and treated appropriately to 
minimize the risk of kidney, cardiovascular and other 
organ systems disease (A1).

Management

Setting up integrated, multi‑disciplinary care 
for MAFLD patients

The complex and bidirectional relationships between 
MAFLD and other conditions associated with metabolic 
dysfunction suggests that the implementation of integrated, 
multidisciplinary models for the delivery of standardized 
care can strike the right balance between cost-effectiveness, 
improved clinical outcomes, and patient satisfaction [24, 
141, 142].

Implementing multidisciplinary models of care, compris-
ing a hepatologist, a cardiologist, a diabetologist, a nephrol-
ogist and a medically supervised diet and exercise program, 
has been reported to be effective in improving liver and car-
diometabolic-related health parameters, liver function, and 
weight loss [143–145]. Another study showed that a model 
tailored for MAFLD patients “ICHANGE”, coordinated by 
hepatologists but engaging other relevant subspecialties not 
only facilitated enhanced quality of care, patient compliance 
with treatment, and better alignment between healthcare pro-
viders and patients, but also added value in terms of cost-
time efficacy and fewer hospital visits [146].
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However, there are challenges in sustainably implement-
ing care models, particularly with the diverse resourcing and 
health settings reflected in APASL countries. These include 
travelling long distances for a consultation to tertiary cen-
tres, developing one-stop coordinated consultations with 
various subspecialists, and having well-coordinated refer-
rals without longer wait times. Further, training and col-
laboration between primary and secondary care and upskill-
ing general practitioners for timely triage, screening, and 
referrals, as well as the need for constant capacity building 
to cater to the increasing burden of patients with increasing 
awareness is another issue [142]. Additionally, the high prev-
alence of the disease poses a challenge to the widespread 
application of these programs, requiring prioritization of 
those at greatest risk (i.e., MASH with significant fibrosis). 
Leveraging existing multidisciplinary care models, including 
in low-resource settings such as at diabetes, CKD, TB and 
HIV clinics, for managing MAFLD is a possible approach. 
Additionally, nurses and potentially nurse-led clinics play a 
critical role in providing critical primary care level services, 
which can be expanded to enhance care coverage.

Hence, while the adoption of integrated, multidisciplinary 
care models can streamline the delivery of standardized care 
to patients, the structure of the models and the composition 
of practitioners involved in organizing the care may vary 
depending on the context and healthcare system, particularly 
in resource-constrained settings. Therefore, it is crucial to 
consider the target population, settings, and subspecialties 
involved in multidisciplinary care, as well as the dynamics 
of integrating and coordinating services between primary, 
secondary, and tertiary care. Optimally done, this ensures 
an effective, cost-efficient, time-efficient, patient-centred 
approach, while also promoting health system sustainabil-
ity [147, 148].

What is the suggested approach to enable 
integrated, multi‑disciplinary care for MAFLD 
patients?

Recommendations

•	� Setting up integrated, multi-disciplinary care models 
for patients with MAFLD helps in the timely deliv-
ery of standardized care, prioritizing improved clini-
cal outcomes, cost-effectiveness, and patient satisfac-
tion (B1).

•	� Multidisciplinary care models should be easy to 
access, comprehensive, individualized, multi-
pronged, and tailored to the needs and resources of 
healthcare systems as well as institutional capabili-
ties, to ensure effective, cost-efficient, and sustain-
able care delivery (B1).

•	� The integrated, multi-disciplinary care models 
should be based on simplified, standardized algo-
rithms for patient evaluation and specialist referral, 
to streamline care delivery and enhance efficiency in 
managing MAFLD (B1).

•	� Primary care providers, hepatologists/gastroenterolo-
gists, endocrinologists or physicians, cardiologists, 
nephrologists, and family physicians are the major 
stakeholders in multi-disciplinary care teams (B, 2).

•	� Additional support from a range of healthcare pro-
fessionals including nurses, pharmacists, dietitians, 
podiatrists, nutritionists, diabetes educators, exercise 
professionals, mental health specialists, and social 
workers is also an essential care-enabling require-
ment (B2).

Lifestyle management recommendations

Lifestyle interventions, including diet and physical activity, 
are the main treatments for MAFLD. Overweight or obese 
MAFLD patients should be advised to lose 5–10% of body 
weight. A weight reduction of > 5% reduces liver steatosis, 
7–10% leads to MASH resolution, and > 10% improves liver 
fibrosis [149]. Frequent self-weighing (at least weekly), 
reduced-calorie diets, and increased physical activity are 
associated with better long-term weight management.

Practical recommendations for dietary management

The dietary plan should be individualized while consider-
ing cultural background and social context. Dietary calorie 
restriction results in weight reduction and improvement of 
serum liver enzymes, hepatic steatosis, inflammation, and 
fibrosis [149–152]. MAFLD patients should be advised to 
consume 1200–1800 kcal a day or 500–750 kcal less daily 
for weight loss.

A diet comprising added sugar (fructose, high-fructose 
corn syrup, and sucrose), such as sugar-sweetened bever-
ages, excess saturated fat (for instance, palm oil), as well as 
ultra-processed foods (UPF), should be avoided [151, 153]. 
UPF is a potential risk factor for MAFLD, obesity, and meta-
bolic syndrome [154].

The Mediterranean-type dietary pattern is the most evi-
dence-based for MAFLD [155–159]. This diet is character-
ized by a reduced intake of refined carbohydrates, sugars, 
and processed foods while increasing consumption of mono-
unsaturated and omega-3 fatty acids. A Mediterranean-style 
diet is associated with a reduced risk of T2DM, CVD, liver 
fat, and fibrosis in patients with MAFLD [160–162]. In addi-
tion, this dietary pattern is associated with a reduced risk for 
HCC [163]. A diet style tailored to local eating habits may 
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improve adherence. However, this needs further validation 
in future studies.

Intermittent fasting and time-restricted feeding have 
recently gained popularity. Intermittent fasting involves 
alternating feeding days with fasting days, while time-
restricted feeding involves restricting eating to an 8 h or less 
period each day within a 24 h cycle. Both dietary approaches 
lead to significant weight reduction and metabolic improve-
ments in overweight and obese subjects. Evidence regarding 
the efficacy of these dietary strategies on MAFLD is lim-
ited. However, a meta-analysis suggested, with moderate- 
to high-quality evidence, that intermittent fasting and time-
restricted feeding improve hepatic inflammation, steatosis, 
and stiffness, as well as promoting weight loss in adults with 
MAFLD [164].

The ketogenic diet is a high-fat, low-carbohydrate (less 
than 20–50 g/day) dietary pattern. Ketogenic diets reduce 
body weight and liver steatosis but not fibrosis as suggested 
by previous small randomized-controlled trials [165, 166]. 
At this time, ketogenic diets should only be followed after 
recommendation and support from a health care professional 
or dietitian- and is likely only suitable and sustainable in the 
short term. Further studies are required to assess the effects 
of ketogenic diets on liver-related outcomes and the sustain-
ability of this diet approach in MAFLD.

Coffee consumption (three or more cups per day), regard-
less of caffeine content, is considered to be beneficial. Epi-
demiological and meta-analyses have demonstrated that cof-
fee consumption is associated with a lower risk of MAFLD 
and decreased liver fibrosis in patients with MAFLD [167, 
168]. However, a caveat is that all these studies are non-
randomised, epidemiological reports that compare coffee 
drinkers to non-coffee drinkers and are therefore potentially 
subject to unmeasured confounding.

Practical recommendations for exercise 
management

Physical activity is an integral component of the multi-
disciplinary care of patients with MAFLD and should be 
evaluated (e.g., via the simple Physical Activity Vital Sign 
[169]) and prioritised [170, 171]. While a combination of 
diet and structured exercise training has synergistic ben-
efits for MAFLD [172, 173], regular exercise alone elicits 
broad hepatic and cardiometabolic benefits irrespective of 
weight loss and can improve health-related quality of life 
[170]. Regular exercise improves insulin sensitivity, reduces 
inflammation, and alters substrate metabolism in the muscle, 
liver and adipose tissue, which affects hepatic free fatty acid 
flux [174–178].

A total of 150–240 min per week of moderate-to-vigor-
ous-intensity aerobic exercise is recommended for reducing 
hepatic steatosis by 2–4% (absolute reduction), equating to 

a clinically meaningful ~ 30% relative reduction in liver fat 
[33, 133, 179]; however as little as 135 min per week may 
be effective [170]. Brisk walking, cycling, and jogging are 
modalities commonly reported to elicit a benefit. This vol-
ume of aerobic exercise is likely to reduce visceral adipos-
ity, increase cardiorespiratory fitness, reduce LDL-choles-
terol and improve vascular health in people with MAFLD, 
although large-scale randomised controlled trials with long-
term follow-up are lacking [170].

While intensity-dependent benefits are not apparent for 
hepatic steatosis [180–182], emerging evidence demon-
strates that high-intensity interval training (HIIT) involving 
one or more bursts of high-intensity exercise interspersed 
with lower-intensity recovery periods is equally effective 
under the supervision of an exercise professional [181] 
[183].

There are limited data to inform the efficacy of exercise 
for the histological features of MAFLD given the challenges 
associated with repeated liver biopsy. Pilot data has indi-
cated a one-stage regression in liver fibrosis and hepato-
cyte ballooning in 58% and 67% of MAFLD participants, 
respectively, with 12 weeks of moderate-vigorous aerobic 
exercise on 3–5 days per week [184]. Histological improve-
ments were more strongly associated with improvements in 
cardiorespiratory fitness than weight loss [184]. Moreover, 
moderate-intensity aerobic exercise led to improvements in 
serum- and imaging-based surrogates of liver fibro-inflam-
mation and histological activity [185, 186].

The benefits of resistance training for MAFLD are less 
clear with equivocal findings for efficacy on hepatic steato-
sis, likely due to the heterogeneity of training methodolo-
gies [170]. However, given the interrelationship between 
sarcopenia and MAFLD [187], and the profound benefits 
of resistance training on lean mass, bone mass, blood pres-
sure and glycaemic control [188, 189], resistance exercise 
is likely beneficial for many individuals with MAFLD and 
should be recommended in addition to aerobic exercise. 
A meta-analysis showed that resistance exercise improves 
MAFLD with less energy consumption [190]. While data 
is lacking, resistance training on 2–3 days per week should 
be prioritised in MAFLD patients with co-existing sarcope-
nia, T2DM, low functional capacity and/or those reducing 
body weight substantially via pharmacological approaches 
to minimise losses of lean and bone mass. There are no 
evidence-supported recommendations regarding the inten-
sity, frequency, number of sets and repetitions of resistance 
exercise required for hepatic benefit [170].

It is prudent to acknowledge that most MAFLD patients 
will have low initial cardiorespiratory fitness and vary-
ing degrees of cardiovascular dysfunction and therefore a 
stepped approach to achieving exercise recommendations is 
required. Referral to an appropriately qualified exercise pro-
fessional is recommended to provide tailored prescriptions, 
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cognisant of individual capability and preferences, which 
address common barriers to exercise in MAFLD (e.g., time, 
access to equipment/facilities, musculoskeletal limitations, 
low exercise-related self-efficacy) [191–193].

What are practical recommendations for lifestyle 
intervention in MAFLD?

Recommendations

•	� Patients with MAFLD should receive advice and 
support for lifestyle interventions that include a 
healthy diet and physical activity norms to reduce 
the risk of events from metabolic and cardiovascular 
disease, and to resolve fatty liver disease (A1).

•	� Patients with MAFLD should be advised to have a 
healthy diet and be provided physical activity coun-
selling (A1).

•	� Weight loss is recomended for both overweight/
obese and nonobese MAFLD, but the target weight 
reduction varies between both groups (B1).

•	� Dietary recommendations should involve energy 
restriction and restriction of MAFLD-mediating 
components such as processed food, food and bev-
erages high in added fructose. A Mediterranean type 
diet based on Meditterranean diet patterns is advis-
able (B1).

•	� Drinking three or more cups of coffee a day may be 
beneficial (B1).

•	� Until more evidence is available, no strong recom-
mendation can be given for adherence to any other 
dietary approaches such as ketogenic diets, intermit-
tent fasting, and time-restricted feeding (C2).

•	� Employing combined diet and exercise strategies 
appears to be more effective in normalisation of liver 
enzyme levels, reducing liver fat and improving his-
tology (B1).

•	� Aerobic exercise (A1) and resistance training (B2) 
are effective in reducing liver fat and should be tai-
lored to fit the patient's preferences in order to ensure 
long-term adherence.

Metabolic surgery and endoscopic bariatric 
and metabolic therapies for MAFLD

Metabolic surgery and Endoscopic Bariatric and Metabolic 
Therapies (EBMT) are highly effective in the management of 
morbid obesity. While they have not been tested specifically for 
the treatment of MAFLD, multiple studies have demonstrated 
efficacy in improving the features of MAFLD [194–196].

Metabolic surgery, which includes sleeve gastrectomy, 
Roux-en-Y gastric bypass, adjustable gastric banding or 

biliopancreatic diversion, is an accepted standard of care 
for morbid obesity. These therapies are effective in induc-
ing sustained weight loss by up to 30%, and also improve 
metabolic dysfunction and adverse clinical outcomes from 
T2DM, and cardiovascular disease and reduce overall mor-
tality [197]. Within the Asian context, the ethnicity-adjusted 
BMI risk thresholds for obesity should be used and should 
also take into account metabolic comorbidity risk [198]. In 
the Asian population, a BMI ≥ 25 kg/m2 suggests clinical 
obesity, and individuals with a BMI ≥ 27.5 kg/m2 should be 
considered for metabolic and bariatric surgery.

Specific to MAFLD, several meta-analyses have shown 
concordant observations that bariatric surgery results in the 
resolution of steatosis, ballooning degeneration and inflam-
mation in up to 50% of patients; about 24% demonstrate 
improvement in liver fibrosis [196, 199, 200]. Interestingly, 
pooled analysis shows that Asian MAFLD patients, respond 
better to metabolic surgery in terms of improvement of liver 
enzymes, steatosis and fibrosis compared to non-Asian 
patients [196]. Randomized controlled studies with bariat-
ric surgery have demonstrated up to 3.6-fold higher efficacy 
in the resolution of biopsy-proven steatohepatitis without 
worsening of liver fibrosis compared to standard medical 
therapy [201]; these benefits can be sustained for up to 5 
years [202]. Large cohort studies have also shown a reduc-
tion in the 10-year cumulative incidence of major adverse 
liver outcomes from 9.6 to 2.3% compared to a matched 
non-surgical cohort [203].

While the efficacy of bariatric surgery for MAFLD 
is acknowledged, it is worth noting that the evidence for 
patients with advanced fibrosis undergoing bariatric surgery 
is still low. Liver fibrosis can progress in a subset of these 
patients and monitoring is recommended [200]. A further 
note of caution is that while bariatric surgery is relatively 
safe in compensated cirrhosis, adverse events and mortality 
can be as high as 18% in decompensated cirrhosis, highlight-
ing the need to screen for portal hypertension [204, 205].

Endoscopic bariatric and metabolic therapies are a rapidly 
evolving field, where non-surgical endoscopic procedures 
are used to replicate the outcomes of bariatric surgery. Some 
of the techniques include intragastric balloons, endoscopic 
sleeve gastroplasty; primary obesity surgery endoluminal 
(POSE) plication device, aspiration therapy, and transpy-
loric shuttle. These broad-ranging techniques were analysed 
in a meta-analysis of 18 high-quality studies (including 5 
from Asia) and showed promising efficacy for weight loss, 
improvement in liver enzymes, steatosis, steatohepatitis and 
fibrosis, albeit not all used gold standard liver biopsies [194, 
195]. While EBMT theoretically has lower morbidity com-
pared to bariatric surgery, the relative sustained efficacy for 
MAFLD needs to be determined and the risk of potential 
adverse events such as ulcer bleeding, leaks and peritonitis 
requires further study.
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What are the recommendations for bariatric 
(metabolic) surgery in MAFLD?

Recommendations

•	� For patients with morbid obesity and MAFLD, bari-
atric surgery can be considered, taking into account 
comorbidities, when conventional weight loss ther-
apy has failed (B1).

•	� Bariatric (metabolic) surgery reduces liver fat and 
improves the histological lesions of MAFLD, includ-
ing fibrosis (B1).

•	� In patients with cirrhosis, the decision to undergo 
bariatric (metabolic) surgery should be individual-
ized, considering the higher risk of post-operative 
complications (C1).

Pharmacological treatment

Current potential therapies

Recent studies have focused on the potential for repurposing 
approved agents for alleviating steatosis, inflammation and 
fibrosis in MAFLD. Among these, evidence on the efficacy 
of anti-diabetic medications is rapidly accumulating.

The beneficial effects of pioglitazone on hepatic histol-
ogy have been reported in patients with steatohepatitis, with 
and without T2DM [206, 207]. A double-blind randomized 
trial showed that a 24-weeks pioglitazone treatment was 
well-tolerated and effective in improving liver histology and 
reducing liver steatosis in Asian patients with MASH [208]. 
Sodium-glucose cotransporter 2 inhibitors (SGLT2i) have 
been widely used for the treatment of T2DM and cardiovas-
cular disease, with some evidence of benefit for MAFLD 
[209, 210]. The beneficial effects of SGLT2i’s such as dapa-
gliflozin, empagliflozin and canagliflozin on liver fat content 
has been reported as well as improvement of serum transam-
inases and non-invasive scores for fibrosis [209–214]. There 
remains a paucity of data on the efficacy of these agents for 
the improvement of liver inflammation and fibrosis. Recent 
reports demonstrate that licogliflozin led to improvement in 
surrogate markers of liver fibrosis assessed by the ELF score 
and serum PIIINP levels [215]. Similarly, empagliflozin led 
to significant reductions in LSM, but not other non-invasive 
scores of fibrosis [216]. These reports lack histological evi-
dence for improvements in steatohepatitis or fibrosis. Trials 
of ipragliflozin and tofogliflozin included paired liver biopsy 
to demonstrate histological benefits in MAFLD patients 
[216, 217], nevertheless, the relatively small sample sizes 
mean that the level of evidence is not strong. In addition, 
most of these studies were carried out among T2DM patients 
with MAFLD, with few investigating SGLT2 inhibitors in 

non-diabetic patients with MAFLD [218]. Metformin does 
not improve hepatic histology in patients with MAFLD 
[219–222]. However, metformin improves insulin resistance 
[219, 221, 222] and reduces the risk of HCC in patients with 
MAFLD, although available studies have not been prospec-
tive or randomized [223, 224]. A non-randomized interven-
tional cohort study reported that among oral antidiabetic 
drugs for patients with T2DM accompanied by MAFLD, 
SGLT2 inhibitors are preferable considering the improve-
ment of MAFLD and the reduction of incident adverse liver-
related outcomes when compared to thiazolidinediones, 
DPP4 inhibitors, and sulfonylureas. This retrospective study 
was conducted using South Korea’s National Health Insur-
ance Database. It followed 80,178 patients over 219,941 
person-years follow-up and demonstrated improvement of 
MAFLD in 4,102 cases. SGLT2 inhibitors had a higher like-
lihood of improving MAFLD and significantly lower rates 
of adverse liver-related outcomes such as liver-related hos-
pitalizations, death, liver transplants, and HCC compared to 
other oral antidiabetic drugs [225].

Vitamin E has been reported to be effective in improving 
hepatic histology in patients with steatohepatitis [226–229]. 
However, several studies have failed to demonstrate its ben-
eficial effects and level 1 evidence is thus lacking [216, 221, 
230, 231]. Recently, a propensity score matching analysis 
demonstrated that vitamin E decreases the risk of death or 
transplant and hepatic decompensation in MASH patients 
with bridging fibrosis or cirrhosis [217]. The development of 
prostate cancer and hemorrhagic stroke is a possible concern 
with vitamin E [218].

Angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin receptor blockers (ARBs) might have beneficial 
effects for MAFLD [232], with some reports from observa-
tional studies showing their use to be associated with milder 
liver fibrosis [233] and a reduced risk of liver-related events. 
However, the benefits of ACEIs or ARBs for MAFLD 
patients with early-stage fibrosis need further study.

One international phase II placebo-controlled randomized 
comparative trial investigated the therapeutic effects of low-
dose aspirin on MAFLD without cirrhosis. Patients were 
randomly assigned in a 1:1 ratio to a low-dose aspirin group 
(81 mg once daily) and a placebo group, and treated for six 
months. The primary endpoint was a change in liver fat con-
tent based on MRS at six-month marks. The change in liver 
fat content was 3.6% in the placebo group, whereas it was 
− 6.6% in the low-dose aspirin group (difference between 
groups: − 10.2%, 95% confidence interval [CI] − 27.7 to 
− 2.6, p = 0.009). [234]

Statins have shown potential benefits on liver function 
tests in patients with MAFLD [235, 236], but their efficacy 
on steatosis or fibrosis is uncertain. Recently, ezetimibe 
with rosuvastatin treatment reduced liver fat as assessed by 
MRI-PDFF, but not fibrosis [237]. Future studies with larger 
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sample sizes and robust endpoints are required, ideally based 
on plausible mechanistic data.

Pipeline of new drug treatments

A number of new drugs have shown promise in phase 2b 
or registration phase 3 studies. With the approval of Res-
metirom by the FDA in March 2024, it is anticipated that 
more pharmacotherapies may be available for the treatment 
of MASH in the foreseeable future. Resmetirom, a selective 
thyroid hormone receptor-beta agonist, demonstrated posi-
tive results in two phase 3 studies. In the MAESTRO-NASH 
study, patients with biopsy-proven at-risk MASH were rand-
omized to placebo (n = 318), resmetirom 80 mg (n = 316) or 
resmetirom 100 mg (n = 321) [238]. The study reached both 
interim histological endpoints at week 52. MASH resolution 
with no worsening of fibrosis was achieved in 26% and 30% 
in the resmetirom 80 mg and 100 mg arms, respectively, 
compared with 10% in the placebo arm. Fibrosis improve-
ment without worsening of MASH occurred in 24% in the 
80 mg arm, 26% in the 100 mg arm, and 14% in the placebo 
arm. In the accompanying MAESTRO-NAFLD-1 study 
based entirely on noninvasive tests, resmetirom again dem-
onstrated superiority in reducing hepatic fat, liver stiffness, 
serum LDL-cholesterol, apolipoprotein B and triglycerides 
[239]. Resmetirom is well tolerated with a mild increase in 
diarrhea and nausea. No cardiovascular toxicity has been 
reported. Prescribing resmetirom necessitates thorough 
patient assessment by a specialist and should be overseen 
within a multidisciplinary context. Resmetirom can be 
considered in patients with stage 2 or stage 3 fibrosis or 
those with histological evidence of steatohepatitis, using 
several non-invasive criteria or liver biopsy, depending on 
their availability in individual practice settings. It is recom-
mended that patients in the early stages of MAFLD not be 
treated, as also patients likely to have established cirrho-
sis. The benefits of resmetirom in this population are still 
being assessed in a phase 3 cirrhosis trial. Patients meeting 
treatment criteria should receive weight-based dosing, with 
80 mg for patients weighing less than 100 kg and 100 mg 
for those weighing over 100 kg. There are still unanswered 
questions regarding the duration of treatment and the criteria 
for stopping treatment due to lack of effectiveness. Ongoing 
analysis of emerging data, including real-world evidence, is 
likely to provide further guidance in the future, especially 
concerning monitoring therapeutic response and clinical 
outcomes.

One of the biggest breakthroughs in the management 
of obesity and T2DM is the introduction of glucagon-like 
peptide-1 receptor agonists (GLP-1RA). This class of drugs 
reduces appetite and slows gastric emptying, resulting in 
weight loss of 5–15% [240]. In clinical trials with long-
term follow-up, GLP-1RAs also reduced major adverse 

cardiovascular events and mortality. In a phase 2b study 
in patients with MASH, semaglutide at a dose of 0.4 mg 
daily given subcutaneously for 72 weeks achieved MASH 
resolution with no worsening of fibrosis in 59% of patients, 
compared with 17% in the placebo group, though differences 
in fibrosis improvement did not reach statistical significance 
[241]. In a subsequent study in patients with compensated 
MASH-related cirrhosis, semaglutide at a dose of 2.4 mg 
weekly failed to increase the rate of either MASH resolution 
or fibrosis improvement [242]. This suggests that the weight 
loss effect of GLP-1RAs, though potent, may be too late for 
patients with advanced liver disease. Currently, dual and 
triple incretin agonists involving glucose-dependent insuli-
notropic polypeptide and glucagon receptor are under devel-
opment. The newer drugs have demonstrated superiority in 
reducing body weight and glycated hemoglobin compared to 
GLP-1RA alone, but their effects on MASH and liver fibro-
sis remain to be proven [243, 244]. Tirzepatide is a single 
molecule that combines glucose-dependent insulinotropic 
polypeptide (GIP) and GLP-1 receptor agonism; it demon-
strated positive effects on both MASH resolution and fibrosis 
improvement in a relatively short phase 2 study [243]. These 
promising results need to be replicated in phase 3 studies, 
which are underway. The need for subcutaneous injections 
and gastrointestinal side effects (most notably nausea and 
vomiting and the potential increased risk of pancreatitis) 
are the main liability of this class of drugs, with treatment 
cessation required in around 10% of patients. Survodutide 
is another GLP-1/glucagon dual agonist that demonstrated 
histological improvement of MASH in a phase 2 randomized 
trial [245].

Lanifibranor (a pan-PPAR agonist) [246] and fibroblast 
growth factor-21 analogues (e.g., efruxifermin and pego-
zafermin) have also shown promising results in early-stage 
clinical trials, while phase 3 studies are underway [247, 
248].

What are the recommendations 
for pharmacological treatment for MAFLD?

Recommendations:

•	� Resmetirom improves liver inflammation and fibro-
sis and is well tolerated and prescribing resmetirom 
necessitates thorough patient assessment by a liver 
specialist (B1).

•	� GLP-1 receptor agonists (GLP-1RAs) may be effec-
tive for hepatic steatosis and inflammation resolution 
(B2).

•	� Vitamin E possibly improves hepatic histology, how-
ever, there are concerns about safety with long-term 
use (B1).
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•	� Statins reduce cardiovascular morbidity and mortal-
ity but their efficacy for liver benefit (inflammation 
and fibrosis) is unproven (B1).

•	� Metformin improves insulin resistance and may 
reduce the risk of HCC but does not improve liver 
histology (B2).

Monitoring progress and response to treatment

There is currently no agreement on the most effective 
approach for monitoring patients with MAFLD and their 
response to pharmacotherapy [249]. Given that the severity 
of fibrosis is the principle determinant of both liver-related 
outcomes and mortality, and as patients with MAFLD 
are expected to progress by an average of 0.12 (range: 
0.07 − 0.18) fibrosis stages per year [58, 250], the following 
algorithm is recommended (Fig. 2).

Interval of follow‑up

•	 Patients without fibrosis should be monitored at 2–3 years 
intervals if there has been no worsening of concomitant 
metabolic risk factors.

•	 Patients with fibrosis or evidence of uncontrolled concomi-
tant metabolic risk factors should be monitored on an annu-
nal basis, particularly with the emergence of new drugs.

•	 For selected patients at high risk of fibrosis progression, 
monitoring might involve baseline liver biopsy assess-
ment, unless they already have established cirrhosis, where 
MELD scoring may be required.

•	 Patients with cirrhosis should undergo monitoring at 
6-month intervals, including surveillance for HCC and 
even clinically significant portal hypertension (please see 
the next sections for details).

Method of follow‑up

Monitoring for fibrosis progression in clinical settings can rely 
on a combination of noninvasive scores (such as FIB-4) and 
liver stiffness measurement, although this approach requires 
further validation.

How to monitor treatment in MAFLD?

Recommendations

•	� Patients without fibrosis and without worsening of 
metabolic risk factors can be monitored every 2 or 

Fig. 2   Monitoring protocol for patients with MAFLD in clinical practice
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3 years using a combination of non-invasive scores 
and liver stiffness measurement (C2).

•	� Patients with significant fibrosis should undergo 
monitoring annually using a combination of non-
invasive scores and liver stiffness measurement (C2).

•	� Patients who have cirrhosis should undergo monitor-
ing every 6 months and be screened for HCC (A2).

Patient‑reported outcomes

A person living with MAFLD plays a vital role in their dis-
ease management as the cornerstone of treatment is adher-
ence to a healthy diet and being physically active [24, 156, 
251]. Despite the high prevalence of MAFLD, it has a lower 
level of awareness among the general population compared 
to that of other metabolic diseases. A global study of patients 
with MAFLD reported an impairment in quality of life 
[252]. The impairment of health status is more pronounced 
in patients with advanced liver disease [253, 254]. This calls 
for strategic efforts to integrate prevention and management 
with patient involvement at the core.

Systematic reviews of studies of people with chronic 
liver diseases including MAFLD reveal several unmet needs 
which could help them better cope with their chronic illness 
and improve their quality of life. Affected communities have 
highlighted the need for high-quality education and health 
promotion information to better understand and manage their 
disease, and the need for support services [253]. For the ini-
tiation and maintenance of lifestyle change in patients with 
MAFLD and for patient empowerment, there is evidence 
to support the use of digital technology for providing their 
screening results together with advice on lifestyle changes 
[255, 256]. Recommendations for empowering patients with 
MAFLD are provided in supplementary Table 1.

What is the role of patient‑reported outcomes 
in MAFLD?

Recommendations

•	� Patients with MAFLD tend to have worse health-
related quality of life, physical and mental health, 
and fatigue, as compared to patients with other types 
of chronic liver disease such as viral hepatitis. (B2).

•	� To impact MAFLD outcomes, it is crucial to take 
into account patient perspectives on quality of 
life, satisfaction, and compliance, and to develop a 
patient-centred approach. (B2).

MAFLD‑related cirrhosis

With the prevalence of MAFLD increasing worldwide, a 
considerable proportion will progress to cirrhosis and other 
associated complications [257]. In a Medicare data analysis 
of over 10 million patients, the cumulative risk of progres-
sion to cirrhosis was 39%, and from compensated to decom-
pensated cirrhosis it was 45%, over 8 years of follow-up 
[258].

Medical history and physical examination can identify 
patients with or at risk for cirrhosis. The diagnostic criteria 
for MAFLD cirrhosis is patients with cirrhosis who do not 
exhibit typical histology but have past or present evidence 
of metabolic risk factors that meet the criteria for diagnos-
ing MAFLD. These patients can be diagnosed as having 
MAFLD cirrhosis if they in addition, meet at least one of the 
following additional criteria. a) documentation of steatosis 
on a previous liver biopsy; b) historical documentation of 
steatosis by hepatic imaging [24, 259].

How to diagnose MAFLD‑cirrhosis?

Recommendations

Patients with cirrhosis in the absence of typical histol-
ogy who meet the following criteria should be consid-
ered as having MAFLD-related cirrhosis:

Past or present evidence of metabolic risk factors 
that meet the criteria to diagnose MAFLD, with at least 
one of the following:

1)	� Documentation of MAFLD on a previous liver 
biopsy*.

2)	� Historical documentation of steatosis by hepatic 
imaging* (B2).

*History of past alcohol intake should be considered, as 
patients may have dual disease etiology with alcohol use 
disorder

Portal hypertension assessment in patients 
with MAFLD

In patients with MAFLD, the presence of portal hyperten-
sion is not always aligned with liver disease progression 
and is recognised to occur in people with MAFLD but 
without cirrhosis [260, 261]. Therefore, early detection of 
the possible complications of portal hypertension, such 
as the presence of esophageal as well as gastric varices 
is important. Additional clinical features that are surro-
gate markers of clinically significant portal hypertension 
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(CSPH) include the presence of intraabdominal varices by 
imaging, and ascites.

Hepatic venous pressure gradient (HVPG) measure-
ment is the gold standard for portal hypertension assess-
ment. However, this procedure might not be feasible in the 
same session as esophagogastroduodenoscopy for variceal 
screening and is not widely accessible in many APASL 
countries [263–264]. Endoscopic ultrasound (EUS)-guided 
portal pressure gradient has recently been studied for more 
accurate portal hypertension assessment, especially in 
the presence of varices. This can be performed together 
with other procedures such as endoscopic band ligation, 
EUS-guided liver biopsy, and EUS-guided cyanoacrylate 
injection of large gastroesophageal varices [266–267]. 
However, considerable technical expertise is required to 
establish these evolving procedures. The combination of 
baseline liver stiffness measurement and platelet count 
(Baveno-VII criteria) correlates with CSPH and could be 
used to define CSPH. The recently proposed novel predic-
tion model, the LS-spleen diameter to platelet ratio score 
(LSPS), uses TE values and the spleen diameter to platelet 
ratio, which also reflects CSPH [268]. Additionally, the 
ANTICIPATE model predicts CSPH in patients with viral 
and alcohol-related cACLD using two parameters: platelet 
count and LSM. The ANTICIPATE–NASH model is an 
adapted version for MAFLD patients, incorporating BMI. 
This model could be a valuable clinical tool for assessing 
the risk of liver-related events in MAFLD patients [269].

Screening for varices in MAFLD cirrhosis

There is insufficient data to support the utilization of any 
serological markers such as platelet count alone or the 
enhanced liver fibrosis panel to exclude CSPH and eliminate 
the need for endoscopic assessment in detecting varices that 
require treatment. LSM is recommended for determining 
thresholds for non-invasive screening of varices in patients 
with MAFLD-related cirrhosis. LSM less than 9 kPa, in the 
absence of other known clinical signs, rules out compensated 
advanced chronic liver disease (cACLD). LSM ≥ 15 kPa is 
suggestive of cACLD [270]. An LSM ≥ 25 kPa indicates 
CSPH and a CAP less than 220 dB/m, measured using the 
XL probe identifies patients with MAFLD-related cACLD 
who are at high risk for decompensation [270]. The thresh-
old of 21 kPa was confirmed independently to be associated 
with a higher occurrence of hepatic decompensation. Not 
only baseline LSM but also change in LSM is associated 
with the risk of liver-related events and mortality [271].

In patients with MAFLD-related cirrhosis, although 
HVPG ≥ 10 mmHg remains strongly associated with the 
presence of clinical signs of portal hypertension, these signs 
can also be present in a small proportion of patients with 

HVPG values < 10 mmHg. About 40–50% of patients with 
MAFLD belong to the “gray zone” of LSM 15–25 kPa, in 
which a precise estimation of the risk of CSPH is not pos-
sible. In this instance, spleen stiffness measurement (SSM) 
can be used to reduce the proportion of patients in the inde-
terminate group [272, 273]. About 40–60% of patients in the 
Baveno VII diagnostic algorithm remain in the grey zone. 
The addition of SSM (40 kPa) to the model significantly 
reduced the grey zone to 7–15%, maintaining adequate nega-
tive and positive predictive values [274].

Non-selective beta blocker(s) (NSBBs) such as proprano-
lol, nadolol, or carvedilol should be considered as a treat-
ment to prevent decompensation in patients with CSPH. 
Carvedilol is the preferred NSBB for compensated cirrhosis 
because it effectively reduces HVPG, has greater benefits in 
preventing decompensation, is better tolerated, and has been 
proven to improve survival compared to no active therapy 
in compensated patients with CSPH [275]. The decision to 
use NSBBs should be based on clinical indicators, regardless 
of the ability to measure HVPG. Patients with compensated 
cirrhosis who are taking NSBBs to prevent decompensation 
do not require a screening endoscopy to detect varices, as 
endoscopy will not change their management.

Individuals with compensated cirrhosis who cannot ini-
tiate NSBB use (due to contraindication or intolerance) to 
prevent decompensation should undergo an endoscopy for 
variceal screening if their LSM is 20 kPa or higher, or if 
their platelet count is 150 × 10^9/L or lower. For patients 
unable to use NSBBs and requiring an endoscopy based 
on the Baveno VI criteria (LSM by TE ≥ 20 kPa or platelet 
count ≤ 150 × 10^9/L), spleen stiffness measurement by TE 
of 40 kPa or lower can identify those at low risk of high-risk 
varices, potentially making endoscopy unnecessary. Patients 
with cACLD who are on NSBB therapy and show no clear 
signs of CSPH (LSM < 25 kPa), should be considered for 
repeat endoscopy, preferably after 1–2 years. If no varices 
are detected, NSBB therapy can be stopped. In cACLD 
patients with high-risk varices who cannot use NSBBs due 
to contraindications or intolerance, endoscopic band ligation 
is recommended to prevent the first occurrence of variceal 
bleeding.

How to screen for gastroesophageal varices 
in MAFLD‑cirrhosis?

Recommendations

•	� Patients with compensated cirrhosis and CSPH who 
do not have varices and are unable to tolerate or have 
contraindications to beta-blockers should undergo 
surveillance endoscopy for variceal screening every 
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2 years if their underlying condition is uncontrolled, 
and every 3 years if it is controlled (B2).

•	� Patients with compensated cirrhosis and CSPH with 
varices who have never bled from varices and have 
contraindications or intolerance to beta-blockers 
should have surveillance endoscopy for variceal 
screening every year if their underlying disease 
remains uncontrolled, and every 2 years if it is con-
trolled (B2).

•	� Ultrasound is a recommended and safe method for 
identifying structural abnormalities related to cirrho-
sis and portal hypertension (A1).

•	� The evaluation of liver stiffness using transient elas-
tography can be useful to non-invasively exclude 
high-risk varices in individuals with compensated 
cirrhosis. CSPH can be ruled out in patients with 
LSM < 15 kPa plus platelets > 150 k/mm3 (B2).

•	� For patients who following screening with esophago-
gastroduodenoscopy, do not have gastroesophageal 
varices but continue to experience decompensation 
(ascites or hepatic encephalopathy), esophagogas-
troduodenoscopy screening should be repeated annu-
ally. For other patients, screening intervals can be 
extended, although the precise interval is uncertain 
and further evidence is necessary (C2).

•	� The use of non-invasive tests for diagnosing gastroe-
sophageal varices is currently not recommended due 
to their low discriminative accuracy (B2).

Screening for HCC

MAFLD is a major etiology for HCC in the Asia–Pacific 
region with substantial morbidity and mortality; its preva-
lence is expected to further increase in the coming decades. 
[2, 24, 277–281] In addition, MAFLD is associated with the 
onset/recurrence of HCC and poor prognosis in patients with 
viral hepatitis [283–290].

When HCC is diagnosed at an early stage, there are exist-
ing acceptable and curative therapies, for example, surgi-
cal resection, local ablation, or liver transplantation [291]. 
Therefore screening can reduce HCC-specific mortality and 
is recommended [292, 293].

The key concern about surveillance/screening for HCC 
is the threshold (annual incidence of HCC), with the aim 
of reaching cost-effectiveness. Based on cost-effectiveness 
analyses, when the incidence of HCC is > 1 or 2%/year, 
it is cost-effective to perform HCC screening/surveil-
lance [295–297]. In contrast, when the incidence of HCC 
is < 0.2%/year, the cost-effectiveness is poor and screening 
is not recommended [295–297].

For MAFLD-related HCC, the threshold for screening is 
recommended at 1%/year [296]. Thus, for MAFLD-related 
cirrhosis subjects (annual incidence of HCC: 1–1.5%/year), 
screening is cost-effective and recommended [296–298]. 
In contrast, for MAFLD-related non-cirrhosis patients, the 
annual incidence of HCC is 0.08–0.63 per 1,000 person-
years [298]. Thus, screening of this low-risk population is 
not recommended.

Notably, recent epidemiologic data reveals that about 
35–47% of MAFLD-related HCCs develop in people with-
out cirrhosis [299, 300]. Accordingly, if the screening/sur-
veillance is done only in patients with cirrhosis, HCC in 
subjects without cirrhosis would likely be diagnosed at a late 
stage with resultant poor outcomes. Nevertheless, if all sub-
jects without cirrhosis with MAFLD are screened, then the 
cost-effectiveness would be quite low. To resolve this issue, 
more sensitive and reliable biomarkers of risk, or scoring 
systems for surveillance that improve cost-effectiveness is 
required [299–301]. In this way, patients with non-cirrhotic 
MAFLD but at higher risk of developing HCC can be identi-
fied and placed on surveillance. Commonly used screening 
tests (non-invasive tumor biomarkers such as AFP, AFP-L3, 
PIVKA-II; and liver imaging such as by ultrasonography) 
have low- intermediate sensitivity/specificity [292, 293], 
so their specific role in non-cirrhotic MAFLD is yet to be 
clarified. Alternatively, big data or the development of an 
AI-based prediction model may help in the identification 
of high-risk populations for HCC surveillance [299–302].

How to screen for HCC in MAFLD?

Recommendations

•	� Screening for HCC in adults with cirrhosis is recom-
mended because it improves overall survival (A2).

•	� Risk-stratified HCC surveillance can help in optimis-
ing strategies for monitoring individuals at high risk 
of HCC (B2).

•	� A combination of abdominal ultrasound and alpha-
fetoprotein (AFP) every 6 months is recommended 
as the primary surveillance strategy (B1).

•	� When ultrasound quality is inadequate, computed 
tomography (CT) or magnetic resonance imaging 
(MRI) may be used (B2).

•	� Screening for HCC in adults without cirrhosis is not 
recommended and HCC risk stratification in non-
cirrhotic MAFLD patients awaits future biomarker 
development or scoring prediction models accompa-
nied by cost-effectiveness analyses (B2).
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Management of MAFLD‑related HCC

Control of metabolic dysfunction plays an important role in 
the management of patients with HCC [303]. A high BMI 
is one of the criteria for MAFLD diagnosis [304]. In West-
ern populations, a high BMI is linked to higher HCC-related 
mortality [305]. However, there appears to be no relation-
ship between a high BMI and HCC-related mortality in 
Asian patients based on meta-analysis and cohort studies 
[307–308]. Sarcopenia may explain this inconsistency, as it 
is highly prevalent in patients with HCC [310–312] and is a 
prognostic factor in Asian patients with HCC [307, 314–321].

Physical activity is linked to improved survival in HCC 
patients [322]. A recent meta-analysis revealed that combin-
ing resistance with aerobic exercise reduces serious adverse 
events [323].

T2DM is a criterion for MAFLD diagnosis. Metformin 
has been demonstrated to significantly reduce the risk of 
HCC in MAFLD patients with an HbA1c level above 7.0% 
[223]. Additionally, a meta-analysis demonstrated that met-
formin prolonged the survival of HCC patients with T2DM 
after curative HCC treatment [224]. Therefore, metformin, 
along with lifestyle intervention, may be a beneficial treat-
ment for MAFLD-related HCC patients with T2DM.

Nutritional therapy focusing on protein intake and cor-
recting amino acid imbalance might be beneficial for the 
management of patients with MAFLD-related HCC. The 
administration of branched-chain amino acids is useful for 
the management of adverse events from the treatment of 
HCC. Theoretically, this includes improvements in body 
composition and nitrogen balance, liver cell regeneration, 
protein and albumin synthesis and immune function [324].

Liver transplantation is the treatment of choice for patients 
with early HCC whose liver function does not allow for sur-
gical resection. It is also recommended for patients with a 
locally advanced disease if their tumors can be reduced in 
size, number, and alpha-fetoprotein (AFP) production to 
acceptable levels through locoregional therapy. Immuno-
therapy is currently the first-line treatment for unresectable 
HCC not amenable to locoregional therapy. However, its anti-
tumor effect has been reported to be limited for MAFLD-
related HCC [325, 326]. Lenvatinib is a multi-kinase inhibi-
tor and effectively inhibits the tumor vasculature, resulting 
in anti-tumor effects. Lenvatinib is used for the treatment of 
unresectable HCC and treatment response and prognosis is 
reported to be better in HCC patients with MAFLD than non-
MAFLD [327]. In other studies, lenvatinib is associated with 
a significant survival benefit compared to immunotherapy in 
patients with MAFLD-related HCC [326, 328].

MAFLD is associated with various extra-hepatic compli-
cations and since these events could affect the prognosis and 
quality of life of patients, those with MAFLD-related HCC 

need to be managed with attention not only to the liver but 
also to systemic complications.

What is the approach for management 
of MAFLD‑HCC?

Recommendations

•	� The optimal management of diabetes and obesity is 
beneficial for MAFLD-related HCC patients; Met-
formin has potential beneficial effects in this context 
(B1).

•	� Sarcopenia and serum albumin level constitute prog-
nostic factors, and nutritional therapy focusing on 
protein metabolism as well as resistance exercise 
can be beneficial in the management of patients with 
MAFLD-related HCC (C2).

•	� It is crucial to be aware of MAFLD-related extra-
hepatic events when managing MAFLD-related 
HCC; these events can impact both the prognosis 
and quality of life of patients (C2).

Liver transplantation for MAFLD

MAFLD has emerged as a leading indication for liver transplan-
tation globally for both decompensated cirrhosis and for HCC, 
which introduces some unique challenges [329]. These patients 
are often older that those with other indications for liver trans-
plantation and commonly have significant underlying comorbid-
ities that increase the short and long-term risks of transplantation 
[330]. The over-representation of obesity, T2DM, hypertension, 
cardiovascular disease, peripheral and cerebro-vascular disease, 
CKD [330, 331], and sarcopenia [332] all increase the risk and 
complexities of liver transplantation. Even if successfully trans-
planted, the long-term risks from cardiovascular disease, CKD 
and malignancy often remain [333]. Despite these added risks, 
well-selected patients with MAFLD-related HCC appear to have 
posttransplant survival equivalent to other patient groups[330], 
however those with decompensated MAFLD cirrhosis, particu-
lar with CKD requiring simultaneous liver and kidney trans-
plantation, may have significantly inferior outcomes [334, 335].

Patient selection for transplantation requires a detailed 
assessment of end-organ disease that may preclude liver 
transplantation. As cardiac complications are a leading cause 
of morbidity and mortality in liver transplant recipients and 
MAFLD patients are at particular risk, a comprehensive 
cardiovascular assessment is essential to identify risks, to 
allow for pretransplant optimisation of cardiac status, and to 
potentially exclude some candidates. Pretransplant assess-
ment in MAFLD patients should be standardised and usually 
should incorporate electrocardiography, transthoracic and 
stress echocardiography, and in some patients, coronary CT 
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angiography, invasive coronary angiography and cardiology 
consultation [336]. Even after MAFLD patients are placed 
on a transplant waiting list, challenges remain as they are 
less likely to receive a transplant and have higher waitlist 
mortality than non-MAFLD patients [337].

Donor selection for liver transplantation is impacted by 
the increasing rates of MAFLD and other metabolic dis-
eases in the community that are present in both living and 
deceased donors. Moderate to marked steatosis in particu-
lar poses a significant risk of primary nonfunction, early 
allograft dysfunction and biliary strictures [338]. Potential 
living donors with obesity and steatosis may be able to be 
utilised with good outcomes particularly if subject to short-
term weight loss interventions [339] but may be at risk for 
perioperative wound complications [340], and post-donation 

metabolic syndrome [341]. Steatotic deceased donor grafts 
are frequently discarded but may be able to be used in well-
selected recipients and optimal peritransplant conditions 
[342]. Machine-based perfusion strategies may broaden the 
acceptability and utilisation of steatotic grafts in the future 
[343]. Patients transplanted for MAFLD may be adversely 
impacted by the presence of donor metabolic risk factors, 
particularly diabetes [344].

Patients transplanted for MAFLD are at risk of recurrent 
graft steatosis and complications of metabolic syndrome. 
Immunosuppressive medications may compound the risk 
for metabolic complications, and steroid minimisation or 
avoidance, and minimisation of calcineurin inhibitor dosing 
should be considered [345]. Multidisciplinary management 
with a focus on weight control (including consideration for 

Fig. 3   Recommended algorithm to diagnose and manage patients with MAFLD-related cirrhosis
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bariatric surgery and its timing), optimal T2DM, hyperten-
sion and lipid management, and monitoring for complica-
tions is essential in transplant recipients to ensure good long-
term outcomes of liver transplantation [346].

What are the recommendations for liver 
transplantation in MAFLD?

Recommendations

•	� Post-transplant survival for MAFLD patients is 
equivalent to that of other liver diseases in appropri-
ately selected patients. Liver transplantation should 
be considered for MAFLD patients with decompen-
sated liver disease or HCC (B1).

•	� Patients with MAFLD cirrhosis have a high preva-
lence of pre-existing cardiovascular disease and 
should be thoroughly evaluated prior to listing for 
transplantation (B1).

Management of the patient with MAFLD cirrhosis 
beyond normal cirrhosis care, and management 
of MAFLD‑related hepatic decompensation

While standard cirrhosis care continues to apply in patients 
with MAFLD-associated cirrhosis, peculiarities distinct 
from other liver etiologies need to be considered (Fig. 3). 
Unlike other liver disease etiologies, as a multi-system 
disease, MAFLD is commonly intertwined with multiple 
metabolic comorbidities that may impact the progression 
of disease and its complications [347]. Optimization of 
these comorbidities is integral to manage MAFLD-related 
cirrhosis effectively [348].

Lifestyle interventions, although recognised as the corner-
stone of MAFLD management, can be challenging to institute 
and sustain long term, particularly in patients with MAFLD-
related cirrhosis [349]. The optimal target for weight loss 
among these patient is unclear, however taking into considera-
tion the high prevalence of sarcopenia and sarcopenic obesity 
associated with MAFLD-related cirrhosis, the management 
approach should emphasise weight loss with fat mass reduc-
tion while maintaining muscle mass and strength [350]. This 
includes specific dietary and physical activity considerations 
that are personalized for each individual and delivered ideally 
by a multidisciplinary team through a dedicated structured pro-
gram [348].

While a Mediterranean-type dietary pattern is beneficial 
for non-cirrhotic MAFLD, less data is available for those with 
MAFLD-related cirrhosis. In general, dietary advice adhering to 
the tenets of the Mediterranean diet macronutrient composition, 
with emphasis on adequate protein consumption (1.2–1.5 g/kg 
per day) and avoidance of prolonged fasting periods should be 

emphasised [351]. Alcohol abstinence should be instituted for 
MAFLD-related cirrhosis.

With regard to physical activity, exercise prescription to tar-
get 150 min of moderate or 75 min of vigorous intensity physical 
activity per week should be considered [352]. Resistance train-
ing should be incorporated in the exercise regime, which helps 
counteract sarcopenia [353].

Additionally, 5–10% weight loss via lifestyle interventions 
has been reported to improve portal hypertension in patients 
with cirrhosis [354]. This may take on more significance in 
MAFLD-related cirrhosis, where MAFLD patients decom-
pensate at lower portal pressures compared to other etiologies 
[355]. Admittedly, this may be challenging to achieve in patients 
with possible anorexia, reduced aerobic capacity, frailty and the 
physical limitations of cirrhosis. The development of sarcopenia 
should be monitored for and prevented with high protein energy 
supplements.

There is limited data about bariatric surgery in the con-
text of MAFLD-related cirrhosis. Compared to non-cir-
rhotics undergoing bariatric surgery, a twofold and 21-fold 
increased mortality risk is reported in compensated and 
decompensated cirrhosis, respectively [356]. Nonetheless, 
bariatric surgery (usually sleeve gastrectomy) can be con-
sidered in carefully selected patients with compensated 
cirrhosis, ideally in high-volume centres and taking into 
account liver status, clinically significant portal hyperten-
sion, comorbidities and surgical factors [357, 358].

What are the recommendations for cirrhosis care 
in MAFLD?

Recommendations

•	� Control of metabolic comorbidities and lifestyle 
intervention are integral to manage MAFLD-related 
cirrhosis effectively (A2).

•	� 5-10% weight loss via lifestyle intervention is 
reported to improve portal hypertension in patients 
with cirrhosis (B2).

•	� Resistance training should be incorporated in the 
exercise regime, which helps counteract sarcopenia 
(B2).

•	� Bariatric surgery carries high risk among patients 
with cirrhosis and the decision should be individu-
alised (C1).

Special groups

Pediatric MAFLD

The definition of MAFLD acknowledges that the disease 
is a spectrum across the life span. Consequently, children 



Hepatology International	

with fatty liver who have metabolic dysfunction also meet 
the MAFLD diagnostic criteria [359]. Children with fatty 
liver should however be assessed for other diseases such 
as inherited metabolic disorders according to accepted 
clinical guidance. Timely diagnosis and specific treat-
ment are essential for these other conditions. This is par-
ticularly crucial for children under the age of five or who 
do not exhibit typical features of metabolic dysfunction 
[361–362]. The understanding of paediatric MAFLD is 
currently limited, and additional research is necessary to 
confirm its natural history, genetic associations, assess-
ment, and treatment modalities.

Hormone imbalance in women

The prevalence of MAFLD is higher in males, but this 
sex difference gradually diminishes after menopause. A 
possible reason is the hormone balance between estra-
diol and androgen [363]. Pre-menopausal patients with 
polycystic ovary syndrome (PCOS) have a higher inci-
dence of MAFLD, and those with gestational eclampsia, 
T2DM, and pregnancy-associated hypertension also have 
an increased likelihood of developing MAFLD in later life. 
Strategies to reduce this impact during the peri-menopau-
sal period should be considered.

Lean MAFLD

Individuals of lean/normal weight can have MAFLD, and 
the subgroup is often referred to as lean MAFLD [364]. 
The definition of "lean" varies between Asia and the West. 
In Asia, it is defined as a BMI less than 23 kg/m2, while 
in the West it is defined as less than 25 kg/m2 (Table 5).

Current evidence indicates that the prevalence of lean 
MAFLD is approximately 5% in the general population 
[365, 366]. The pathogenesis of lean MAFLD is not fully 
understood, and besides metabolic dysfunction, genetics 
and other factors such as metabolic flexibility and adapt-
ability play crucial roles [28, 368–369]. It is generally 
accepted that although the BMI is within the healthy range, 
the clinical outcomes and prognosis are similar to those 
in the overweight/obese patient. Likewise, management 

is similar to that of the overweight/obese patients with 
MAFLD. The amount of weight reduction needed to 
achieve remission is however less than that for non-obese 
patients. Five percent body weight loss induces MAFLD 
remission in both obese and lean patients with MAFLD 
[370]. Therefore, lifestyle intervention with regular exer-
cise is effective in treating MAFLD and in improving 
overall fitness and metabolic co-morbidities irrespective 
of baseline BMI. A 3–5% weight reduction may be suf-
ficient in lean MAFLD [370].

What is the approach for management of special 
groups (non‑obese and pediatric) with MAFLD?

Recommendations

•	� Regular exercise and lifestyle changes are effective 
for treating MAFLD and improving overall fitness 
and metabolic co-morbidities, regardless of initial 
BMI (B1).

•	� For paediatric MAFLD, lifestyle change is the pri-
mary strategy for prevention and treatment, How-
ever, their impact on fibrosis has not been conclu-
sively demonstrated (B1).

Dual etiology liver disease

The positive diagnostic criteria for MAFLD have allowed 
for the identification of the coexistence of MAFLD with 
other liver diseases. Dual etiology liver disease is com-
monly encountered in clinical practice particularly in Asia 
where concurrent chronic hepatitis B, chronic hepatitis C, 
and alcohol-related liver disease is common.

Interaction between MAFLD and viral hepatitis

Bi‑directional interactions between HBV infection 
and MAFLD

Patients with both hepatitis B virus (HBV) infection and 
MAFLD are not uncommon in the Asia–Pacific regions. 
The prevalence of MAFLD in CHB patients ranges from 
14 to 59% [284, 371, 372]. Most studies in animals or in 
humans report an inverse association between hepatic stea-
tosis and HBV replication. Decreased serum HBV-related 
antigens and HBV DNA are also observed in HBV cloned 
mice fed a high-fat diet [373]. A meta-analysis of 54 stud-
ies including 28,648 HBV-infected patients demonstrated 
that MAFLD was negatively associated with serum HBV 
DNA levels and HBeAg-seropositivity [374].

Table 5   Working definition of overweight/obesity and central obesity 
for Asian adults

*BMI, body mass index

Lean (normal range): BMI* 18.5–22.9 kg/m2

Overweight: BMI 23.0–24.9 kg/m2

Obesity: BMI > 25.0 kg/m2

Central obesity: Waist circumference (measured at the top of the iliac 
crest) > 90 cm for males and > 80 cm for females
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CHB patients with MASH have accelerated progression 
of liver disease compared to patients with either CHB alone 
or MASH alone. CHB patients with concurrent hepatic 
steatosis also have more severe hepatic inflammation, 
advanced fibrosis, liver-related complications and mortal-
ity [375, 376], especially among those with T2DM [377]. 
However, MAFLD is associated with a significantly lower 
risk of HCC and a higher chance of hepatitis B surface 
antigen (HBsAg) seroclearance than those without MAFLD 
[378, 379]. Several studies report that hepatic steatosis con-
fers a lower risk of HCC among untreated CHB patients 
[286, 380, 381]. Notably, a recent study observed that the 
presence of hepatic steatosis is associated with a lower 
risk of HCC, whereas the burden of metabolic dysfunc-
tion aggravates the risk of HCC in untreated CHB patients 
[286]. A large cohort study from Taiwan demonstrated that 
MAFLD is associated with increased risks of cirrhosis and 
HCC only in antiviral-treated CHB patients [382].

The lower prevalence and incidence of MAFLD among 
CHB patients than those without HBV infection is observed 
both in cross-sectional [383] and prospective studies [384]. 
The presence of hepatic steatosis in CHB patients is mainly 
correlated with metabolic dysfunction, but not HBV infec-
tion [385]. The impact of CHB on lipid and glucose metab-
olism is still unclear. The reduced risk of steatosis and the 
influence of glucose and lipid metabolism may be through 
the action of the HBx and PreS1 proteins [386].

For management, antiviral therapy for HBV control and 
lifestyle modification for weight reduction remain the cor-
nerstone of treatment in patients with combined CHB and 
MAFLD [387]. Since T2DM and the burden of metabolic 
derangement are significant risk factors for long-term liver 
complications [286, 290], it is crucial to control metabolic 
dysregulation to reduce the risk of HCC and MAFLD-related 
complications [388]. Notably, increased body weight, insulin 
resistance and metabolic derangement are observed in CHB 
patients switching from Tenofovir disoproxil fumarate to 
tenofovir alafenamide. However, the mechanisms underlying 
this observation remain unclear and merit further investiga-
tion [389, 390]. Remarkably, weight loss and elimination 
of MAFLD among obese patients receiving bariatric sur-
gery can induce HBV reactivation [391]. Long-term care of 
CHB patients with MAFLD under antiviral therapy or rapid 
weight reduction necessitates the evaluation of cardiometa-
bolic risks and potential HBV reactivation risk, respectively.

Bi‑directional interactions between HCV and MAFLD

Hepatic steatosis is a common manifestation of CHC. It 
has been reported in 30–45% of patients in large cohorts by 
imaging [392, 393] and in 50–70% by histology[394, 395], 
The coexistence of CHC and MAFLD is estimated to be 
approximately 9–38% [396].

Hepatic steatosis is considered a risk factor for fibro-
sis progression and HCC in CHC patients. The impact of 
MAFLD on liver-related outcomes is maintained after suc-
cessful anti-HCV treatment [382]. Studies have shown that 
among patients who achieve SVR after antiviral therapy, 
those with steatosis exhibit a higher degree of liver fibrosis 
compared to those without [397, 398]. Likewise, hepatic 
steatosis and MAFLD are associated with the development 
of HCC in patients after HCV eradication [305, 399]. This 
suggests that even after clearance of the HCV, the presence 
of MAFLD can exacerbate liver damage.

Post-viral clearance, there is a phenomenon of lipid 
rebound, which may increase the risk of hepatic steatosis 
and atherosclerosis. A recent systematic review has shown 
that half of the studies reported increased hepatic steatosis 
whereas one-third of studies observed hepatic steatosis after 
direct-acting antiviral agents (DAAs) treatment [400]. Pro-
found dyslipidemia that might occur after HCV eradication 
is associated with a risk of cardio-cerebrovascular disease 
[401]. Additionally, the presence of HCV infection increases 
the incidence of new-onset DM and hypertension [402]. As 
cardiovascular complications are the leading causes of mortal-
ity in MAFLD, in post-SVR hepatitis C patients, more atten-
tion should be paid to concurrent MAFLD and it is essential 
to monitor their serum lipid levels and to treat hyperlipidemia.

DAA therapy for HCV eradication and lifestyle modifica-
tion for weight reduction remain the cornerstone of manage-
ment in patients with combined CHC and MAFLD [403]. 
Use of metformin for patients with T2DM and statins for 
those with hyperlipidemia might be beneficial for reducing 
the risk of HCC after SVR [403]. Taken collectively, Holistic 
and multidisciplinary care of CHC patients beyond the sur-
veillance for HCC is warranted to mitigate the consequences 
of concomitant metabolic traits after virus eradication [398].

Bi‑directional interactions between human 
immunodeficiency virus (HIV) and MAFLD

The burden of MAFLD is high among people living with 
HIV infection.[404] Among them, those with MAFLD have 
a higher risk of significant liver disease and atherosclerosis 
compared to those without. However, there is no significant 
difference in HIV viral load between the two groups [405].

Bi‑directional interactions between MAFLD 
and alcohol‑related liver disease (ALD)

There is a substantial overlap between alcohol-related liver 
disease (ALD) and MAFLD, with some studies showing a 
shared mechanism between the two entities [406]. In Asia, 
a Japanese study found the prevalence of metabolic syn-
drome to be higher in very heavy drinkers (> 60 g/day) when 
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compared to non-drinkers[407], while a Korean study found 
that even very light alcohol consumption (0.1 – 5 g/day) is 
associated with metabolic syndrome [408].

The harmful amount of alcohol for MAFLD is not well-
defined. The coexistence of ALD and MAFLD can worsen 
disease progression by interacting with different pathologi-
cal mechanisms. A study involving 8,345 individuals with 
hepatic steatosis with a mean follow-up of 11.1 years found 
that even a modest alcohol intake of 10–19 g/day doubled 
the risk for advanced liver disease [409]. Similarly, popula-
tion-level data suggests that just one standard drink per day 
can increase disease and mortality rates [410].

For management, it is important to assess patients with 
ALD for coexisting MAFLD and vice versa. While assessing 
metabolic risk factors in ALD is relatively straightforward, 
detecting and quantifying alcohol consumption can be chal-
lenging and requires clinical awareness. The use of standard-
ized self-reporting methods like the Alcohol Disorders Use 
Identification Testing-Consumption (AUDIT-C) is recom-
mended to identify drinking habits, but their accuracy can 
be limited by underreporting. Using objective biomarkers 
like serum phosphatidylethanol may help accurately quantify 
alcohol intake, though further research is needed to validate 
their diagnostic performance in different populations.

Current evidence does not support a safe level of alco-
hol consumption for MAFLD [19]. Therefore, all MAFLD 
patients should be advised to abstain from drinking, along 
with other lifestyle recommendations such as weight loss, 
exercise, and dietary control.

Should MAFLD be considered in people 
with other liver diseases?

Recommendations

•	� MAFLD often and frequently coexists with other 
liver diseases (A1).

•	� Treatment of MAFLD and any concurrent diseases 
should adhere to the respective recommendations for 
each condition (B1).

Public health issues in MAFLD: Defining preventive 
strategies for MAFLD

With the growing prevalence of MAFLD and the challenge 
of screening for MAFLD in the general population, preven-
tive strategies accompanied by approaches for the identifica-
tion of high-risk populations is paramount.

The recognition that MAFLD as part of the wider prob-
lem of metabolic dysfunction should encourage more con-
certed efforts to tackle the universal root causes, instead 
of each speciality working within its own silo. For this, a 

framework that shifts from treatment of disease only, to 
inclusion of health promotion at the individual and popu-
lation level to improve metabolic health is recommended. 
The diagnosis of MAFLD can be an opportunity for targeted 
intervention for improving the metabolic health of the indi-
vidual and for a better quality of life [411].

To prevent MAFLD, a collaborative approach involving 
government, healthcare leaders, patient representatives, and 
community advocates is required [390]. The development of 
global and national strategies to underpin this approach is 
critical. Short-term plans to raise awareness of the disease 
and its complications among different communities, identi-
fying at-risk persons and educating them on how to prevent 
disease occurrence (or progression) through lifestyle change 
are crucial first steps. Long-term frameworks to decrease 
disease burden at global, continental, and national levels 
can be done through global, continental, and national task-
forces. These taskforces can help formulate a global strategy 
including key elements for intervention that can be tailored 
to continental and national realities. Our recommended pre-
ventive actions for MAFLD are presented in supplementary 
Table 2.

Scope of artificial intelligence in MAFLD

The role of artificial intelligence (AI) as an emerging tech-
nology is rapidly gaining traction. In healthcare, the scope 
of AI is diverse and expansive, providing groundbreaking 
advancements in diagnosis, prognosis, and personalized 
treatment options. This ranges from predictive analytics 
through data mining of various large datasets, to manage-
ment systems to robotic surgery and personalized medicine 
[412].

Disease progression or populations at risk can be pre-
dicted by analysing patient data, including genetic, meta-
bolic, and lifestyle factors. Applications of AI have proven 
to enhance diagnostics with a higher degree of accuracy in 
comparison to traditional methods [413]. This predictive 
power in future might be crucial for identifying patients at 
risk of developing severe subtype like MASH or advanced 
fibrosis [414].

Use of AI technology in MAFLD can help reduce the 
requirement for liver biopsy by advancing non-invasive 
technologies and overcoming the limitations of misclas-
sification which can result in patients missing out on the 
chance to participate in clinical trials or being able to 
access therapy. For example, a recent study using an AI-
based algorithm (qFibrosis) was found to identify subtle 
histological features that distinguish stage 1 (F1) from 
stage 2 (F2) in patients with MASH and to serve as an 
assistive tool for in-house pathologists [415].

However, harnessing the potential of AI necessitates 
collaborative endeavours encompassing fields as diverse as 
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healthcare, technology, and ethics. As we continue to make 
progress, it is crucial to prioritize the responsible and ethi-
cal integration of AI into healthcare. Our goal should be 
to utilize these powerful tools to improve patient care and 
outcomes in MAFLD. Further investigation should prior-
itize the incorporation of AI tools into clinical practice, 
confirming their efficacy in practical environments, and 
tackling ethical and logistical challenges.

Conclusion

This APASL clinical practice guideline provides recom-
mendations for the assessment and management of patients 
and specific populations affected by MAFLD. This dis-
ease is increasingly prevalent in the Asia–Pacific region, 
while viral hepatitis and alcohol-related liver disease are 
common causes of dual etiology liver disease. MAFLD 
is one of the primary causes of advanced chronic liver 
disease and HCC, but is also associated with various 
systemic complications such as T2DM, CVD, CKD, and 
extrahepatic malignancies. Advanced liver fibrosis is the 
primary determinant of all MAFLD complications, and 
liver biopsy remains the gold standard for its diagnosis. 
Nonetheless, there are various non-invasive methods, 
including biomarkers and imaging tests available (and 
increasingly utilized) for fibrosis assessment. Patients 
with cirrhosis should undergo surveillance for varices and 
for HCC. Lifestyle intervention remains the foundation 
for best-practice management. Exciting for the field, the 
first drug specific for MAFLD has been approved and it is 
expected that other treatments will become available in the 
coming years. Holistic, patient-centered, and multidiscipli-
nary management methods that focus on mitigating liver 
damage, treating metabolic dysfunction, and prioritizing 
patient-reported outcomes are necessary.
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