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Abstract  Metabolic dysfunction-associated steatotic 
liver disease (MASLD) has emerged as the most prevalent 
chronic liver disease worldwide, with an increasing num-
ber of patients progressing to cirrhosis and hepatocellular 
carcinoma (HCC). Early identification of individuals at 
high risk for advanced fibrosis is essential for preventing 
liver-related events and improving long-term outcomes. 
This guideline summarizes current evidence and provides 
practical recommendations for the diagnosis, risk stratifi-
cation, and management of MASLD in clinical practice. 

These recommendations were developed through systematic 
evaluation of the literature and expert consensus. Diagnostic 
approaches, including noninvasive fibrosis assessment tools, 
imaging, biochemical testing, and indications for referral 
to gastroenterology/hepatology specialists, were reviewed. 
Advanced fibrosis is the major determinant of liver-related 
morbidity and mortality in MASLD. The Fibrosis-4 (FIB-4) 
index is a widely accessible and reliable first-line noninva-
sive tool for fibrosis risk stratification. Patients with elevated 
FIB-4 values or clinical features suggestive of progressive 
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liver injury should undergo secondary assessment with elas-
tography and be referred to a specialist when appropriate. 
Liver biopsy is not routinely required for the diagnosis of 
MASLD but remains essential for establishing a definitive 
diagnosis of at-risk metabolic dysfunction-associated stea-
tohepatitis (MASH), assessing inflammatory activity, resolv-
ing discrepancies between noninvasive tests, and differen-
tiating MASLD from other chronic liver diseases. Lifestyle 
modification remains the foundation of management, with 
pharmacological therapy considered for patients with a high 
likelihood of at-risk MASH. MASLD represents a hetero-
geneous disease spectrum in which advanced fibrosis is the 
key prognostic factor. These guideline recommendations aim 
to standardize clinical practice and support evidence-based 
management of MASLD in Japan.

Keywords  MASLD guidelines · Cardiometabolic risk 
factors · Noninvasive liver disease assessment · Treatment

Introduction

Concept and definition of metabolic 
dysfunction‑associated steatotic liver disease (MASLD)

MASLD is a disease concept proposed in 2023 by an inter-
national consensus to replace the term nonalcoholic fatty 
liver disease (NAFLD) [1–3] (Fig. 1). MASLD provides a 
revised diagnostic framework that more accurately reflects 
the underlying metabolic pathophysiology. It is defined as 
steatotic liver disease (SLD) with hepatic steatosis affect-
ing ≥ 5% of hepatocytes, as assessed by imaging or histol-
ogy, in individuals with at least one cardiometabolic risk 
factor (CMRF) (Table 1). Alcohol intake must be < 20 g/day 
in women and < 30 g/day in men, and other causes of hepatic 
steatosis should be excluded.

MASLD is strongly associated with obesity, insulin resist-
ance, dyslipidemia, and hypertension, and it may progress 
to fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). 
It is also recognized as a systemic disease associated with 
increased risks of cardiovascular disease (CVD), chronic 

Fig. 1   Diagnostic algorithm of SLD. MASLD is defined as SLD 
with hepatic steatosis affecting ≥ 5% of hepatocytes, as assessed 
by imaging or histology, in individuals with at least one CMRF 
(Table  1). Alcohol intake must be < 20  g/day in women and < 30  g/
day in men, and other causes of steatosis should be excluded. *1. See 
Table 1. *2. See Table 2 for causes of SLD other than MASLD, Met-
ALD, or ALD. *3. Liver injury may occur even with small amounts 
and short durations of alcohol consumption, particularly in women 
and individuals with reduced ALDH2 activity (see Epidemiology 
and natural history, FRQ). *4. Hepatitis C virus infection, particularly 
genotype 3, can induce hepatic steatosis (see Definitions and con-
cepts). *5. Coexisting liver diseases may be present, such as MASLD 

with viral hepatitis or autoimmune liver diseases. *6. Cases showing 
histological features of steatosis, inflammation, and hepatocellular 
ballooning. Even in the absence of liver biopsy, MASH should be 
considered in patients with MASLD when NILDA suggests hepa-
tocellular injury or progressive fibrosis. *7. In patients with CMRF, 
burned-out MASLD should be considered, and referral to a special-
ist is recommended. ALD, alcohol-associated liver disease; ALDH2, 
aldehyde dehydrogenase 2; CMRF, cardiometabolic risk factor; 
MASLD, metabolic dysfunction-associated steatotic liver disease; 
MASH, metabolic dysfunction-associated steatohepatitis; MetALD, 
MASLD with increased alcohol intake; NILDA, noninvasive liver 
disease assessment; SLD, steatotic liver disease
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kidney disease (CKD), and extrahepatic malignancies. When 
steatosis is accompanied by inflammation and hepatocellular 
ballooning, the condition is termed metabolic dysfunction-
associated steatohepatitis (MASH). The MASLD/MASH 
concept replaces the stigmatizing terminology of NAFLD/
nonalcoholic steatohepatitis (NASH) while maintaining 
essentially the same clinical features and diagnostic algo-
rithms; therefore, evidence accumulated under NAFLD/
NASH remains applicable [4, 5].

Following the publication of the 2014 guidelines and 
their 2020 revision, accumulating evidence has estab-
lished hepatic fibrosis as a key determinant of prognosis 
in MASLD. This third revision emphasizes the MASLD 
concept, noninvasive liver disease assessment, and updated 
evidence-based treatment recommendations, with additional 
clinical questions incorporated [6]. Evidence levels A, B, 
and C correspond to high, moderate, and low quality of evi-
dence, respectively, according to the Grades of Recommen-
dation Assessment, Development and Evaluation (GRADE) 
framework (The GRADE Working Group. Grading qual-
ity of evidence and strength of recommendations. BMJ 
2004;328:1490–1494).

Diagnostic flowchart for SLD

This diagnostic flowchart outlines a stepwise approach to 
the diagnosis of SLD (Fig. 1). First, the presence of hepatic 
steatosis is confirmed by imaging studies or histological 
examination. Second, in patients with hepatic steatosis, the 
presence of at least one CMRF is assessed to determine 
whether the condition meets the criteria for MASLD. Third, 
alcohol consumption is evaluated to classify patients as hav-
ing MASLD, MASLD with increased alcohol intake (Met-
ALD), or alcohol-associated liver disease (ALD), according 
to predefined alcohol intake thresholds. In parallel, other 
causes of hepatic steatosis should be systematically excluded 
before establishing the final diagnosis (Table 2).

When steatosis is absent, alternative etiologies of liver 
disease should be explored, particularly in patients with met-
abolic risk factors who may have “burned-out” MASLD. If 
advanced fibrosis or cirrhosis is suspected, further etiologi-
cal evaluation is required, and referral to a gastroenterology/
hepatology specialist is recommended.

Consistent evidence indicates that even modest alco-
hol intake is associated with fibrosis progression [7–9], 

Table 1   Diagnostic criteria for 
CMRFs

CMRF, cardiometabolic risk factor; HDL, high-density lipoprotein

Variables Adult criteria

Body mass index
Waist circumference

≥ 23 kg/m2 (≥ 25 kg/m2 for non-Asian 
populations)

Men: > 94 cm, women: > 80 cm
Fasting glucose
2-h plasma glucose
HbA1C
Type 2 diabetes or treatment

≥ 100 mg/dL
≥ 140 mg/dL
≥ 5.7%

Blood pressure or treatment for hypertension ≥ 130/85 mmHg
Plasma triglycerides or lipid-lowering treatment ≥ 150 mg/dL
HDL-cholesterol or lipid-lowering treatment Men: ≤ 40 mg/dL, women: ≤ 50 mg/dL

Table 2   Specific etiologies of SLD other than MASLD, MetALD, and ALD

Other conditions that have been reported include hypobetalipoproteinemia, lipodystrophy, lysosomal acid lipase deficiency (Wolman disease, 
cholesteryl ester storage disease), and celiac disease, but these are extremely rare in the Japanese population
ALD, alcohol-associated liver disease; HCV, hepatitis C virus; HELLP syndrome, hemolysis, elevated liver enzymes, and low platelets syn-
drome; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, MASLD with increased alcohol intake; SLD, steatotic liver 
disease

Causes Features/specific etiologies

HCV infection Especially genotype 3
Drug-induced liver injury Corticosteroids, tamoxifen, amiodarone, irinotecan, methotrexate, lomitapide, sodium valproate, fluorouracil, 

etc
Pregnancy Acute fatty liver of pregnancy, HELLP syndrome
Wilson’s disease Early onset, neuropsychiatric symptoms, low ceruloplasmin
Nutrition deficiency/malnutrition SLD due to nutritional deficiency, weight loss, metabolic and bariatric surgery, anorexia nervosa, pancreatic 

resection, malabsorption
Endocrine disorders Hypothyroidism, polycystic ovary syndrome, growth hormone deficiency, panhypopituitarism (primary or 

secondary)
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synergistic increases in CVD risk [10], and higher mortal-
ity in MASLD [11]. These findings suggest that no safe 
threshold of alcohol intake exists for patients with MASLD. 
In Japan, hepatotoxicity may occur at lower intake levels, 
particularly in women and individuals with aldehyde dehy-
drogenase 2 deficiency [12, 13], underscoring the need for 
refined thresholds and harmonized criteria for MetALD.

Epidemiology

The prevalence of MASLD varies across countries and 
regions and is generally higher in men than in women. 
According to a meta-analysis of global adult populations, the 
pooled prevalence of MASLD is approximately 30% [14].

In Japan, a systematic review and meta-analysis by Ito 
et al. [15] reported a prevalence of 25.5% (95% confidence 
interval [CI]: 23.3–27.9). Temporal trends showed an 
increase from 22.2% in 1984–2005 to 29.6% in 2011–2016, 
suggesting a rising prevalence over time. A consistent sex 
difference has been observed; Riazi et al. [16] reported 
prevalence rates of approximately 40% in men and 26% in 
women, findings that align with Japanese health check-up 
cohort data (37.4% in men and 18.1% in women) [17].

Evidence regarding the prevalence of MASLD in children 
remains limited. However, a meta-analysis published in 2024 
estimated the global pediatric prevalence to be 13% (95% CI: 
9–18) [18]. By contrast, the prevalence of MASH remains 
uncertain because of declining liver biopsy rates and poten-
tial selection bias in histology-based studies.

BQ. Is the risk of liver‑related events increased 
in MASLD?

� Patients with MASLD are at higher risk of liver-related events—including HCC, 

variceal bleeding, and liver failure—than the general population, and this risk 

increases with disease stage. 

Patients with MASLD exhibit an increased risk of liver-
related events compared with the general population. A 
meta-analysis of 36 observational studies including 24,894 
individuals, incorporating Japanese cohorts, reported fibro-
sis progression rates of 6.5, 6.9, 5.8, and 4.5 cases per 100 
person-years for transitions from F0 to F1, F1 to F2, F2 to 
F3, and F3 to F4, respectively [19]. Among patients with 
compensated cirrhosis, the annual incidence of decompen-
sation events is approximately 8% [20]. Although disease 
progression varies substantially among individuals, the aver-
age time from F0–1 to decompensated cirrhosis has been 

estimated at 30–35 years [21]. In a Swedish population-
based cohort, biopsy-confirmed MASLD was associated 
with a 17-fold higher risk of HCC compared with matched 
controls (adjusted hazard ratio [HR] 17.08) [22].

Similarly, a multicenter Japanese cohort of 1398 biopsy-
proven cases reported liver-related event rates of 2.8, 5.4, 
21.5, and 90.1 per 1000 person-years for fibrosis stages 
F0–1, F2, F3, and F4, respectively, with corresponding HCC 
incidence rates of 1.7, 4.5, 14.2, and 16.9 per 1,000 person-
years [23]. Advanced age, type 2 diabetes (T2DM), and a 
family history of cirrhosis were identified as significant pre-
dictors of adverse outcomes [23–25].

Additionally, so-called “burned-out” MASLD—charac-
terized by low hepatic fat content despite advanced fibro-
sis—is associated with a poorer prognosis [26]. A prospec-
tive study using FibroScan® demonstrated that patients with 
low-grade steatosis (grade ≤ 1) had significantly higher rates 
of liver-related events and hepatic failure than those with 
moderate or severe steatosis [27]. These findings indicate 
that a reduction in hepatic fat content does not necessarily 
reflect disease regression.

BQ. Is there an increased risk of non‑liver‑related 
events in MASLD?

� The risks of CVD events and CKD are increased in MASLD, as is the risk of 

extrahepatic malignancies. 

Beyond hepatic outcomes, MASLD confers increased risks 
of CVD, CKD, and extrahepatic malignancies (Fig. 2). A 
meta-analysis including approximately 5.8 million partici-
pants demonstrated a 45% higher risk of CVD in individuals 
with MASLD (HR 1.45) [28]. Similarly, a Japanese cohort 
of 2.9 million individuals showed a 35% higher risk of CVD 
events in patients with MASLD who had a body mass index 
(BMI) of ≥ 23 kg/m2 than in controls without liver disease 
[29]. Meta-analyses have also revealed that MASLD is asso-
ciated with a 1.45- to 1.53-fold increased risk of incident 
CKD [30, 31].

MASLD is further associated with an increased risk of 
extrahepatic malignancies, particularly colorectal cancer. In 
a Japanese cohort of approximately 6 million individuals, 
patients with MASLD had a higher risk of colorectal cancer 
(HR 1.28) [32]. Elevated risks of gastric, esophageal, and 
gynecologic cancers have also been reported [33, 34]. In 
a Japanese study of 1,398 patients with biopsy-confirmed 
MASLD, 31 developed HCC, while 31 experienced CVD 
events and 68 developed extrahepatic malignancies—includ-
ing breast, gastric, and colorectal cancers—during follow-up 
[23].
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Clinically significant differences between MASLD 
and MetALD

Consistent evidence indicates that MetALD carries a higher 
risk of liver-related events than MASLD [35]. In a large 
Japanese cohort including approximately 760,000 indi-
viduals, the risk of liver-related events was significantly 
higher in MetALD than in MASLD (HR 1.42) [35]. In the 
same cohort, the risk of CVD was lower in MetALD than 
in MASLD (HR 0.68), suggesting a higher CVD risk in 
MASLD [35]. Conversely, a prospective cohort study of 
approximately 9,000 individuals reported that compared 
with the non-SLD group, the HR for CVD events was 1.27 
in MASLD and 1.88 in MetALD, suggesting a higher CVD 
risk in MetALD [36]. Further studies are warranted to clarify 
the differential CVD risk between MASLD and MetALD.

Pathogenesis and genomic background

Regarding the pathogenesis of MASLD, excessive accu-
mulation of free fatty acids—particularly saturated lipids—
induces mitochondrial dysfunction and reactive oxygen 
species generation, leading to hepatocyte apoptosis and 
necroinflammation [37–39]. Endoplasmic reticulum stress 
and activation of the unfolded protein response promote 
c-Jun N-terminal kinase (JNK) signaling, further contrib-
uting to cell death [40]. Impaired autophagy also plays a 
role by promoting lipid droplet accumulation and defective 
organelle clearance [40, 41]. Crosstalk among hepatocytes, 
Kupffer cells, and hepatic stellate cells amplifies inflamma-
tion and fibrogenesis through cytokines such as tumor necro-
sis factor-α and transforming growth factor-β.

MASLD should be considered an independent 
risk factor for the development of 
cerebrovascular disease and CVD, beyond 
established risk factors, and should be taken into 
account in clinical practice.

CMRFs—including obesity, elevated blood 
pressure, glucose intolerance, low HDL 
cholesterol, and hypertriglyceridemia—are 
common risk factors for both MASLD and 
cerebrovascular disease/CVD; therefore, efforts 
should be made to reduce these risks. 

Hyper-LDL cholesterolemia is a frequent 
comorbidity in MASLD and an established risk 
factor for cerebrovascular disease and CVD, 
warranting active risk reduction.
Unhealthy lifestyle behaviors, including 
overeating, alcohol intake, smoking, physical 
inactivity, and prolonged sedentary time, 
contribute to the development and progression 
of both MASLD and cerebrovascular disease/CVD 
and should be addressed.

Fig. 2   Association of MASLD/MASH with CMRF and CVD risk. 
MASLD should be considered an independent risk factor for the 
development of cerebrovascular disease and CVD, beyond estab-
lished risk factors, and should be taken into account in clinical prac-
tice. CMRFs—including obesity, elevated blood pressure, glucose 
intolerance, low HDL cholesterol, and hypertriglyceridemia—are 
common risk factors for both MASLD and cerebrovascular disease/
CVD; therefore, efforts should be made to reduce these risks. Hyper-
LDL cholesterolemia is a frequent comorbidity in MASLD and an 
established risk factor for cerebrovascular disease and CVD, war-

ranting active risk reduction. Unhealthy lifestyle behaviors, includ-
ing overeating, alcohol intake, smoking, physical inactivity, and 
prolonged sedentary time, contribute to the development and progres-
sion of both MASLD and cerebrovascular disease/CVD and should 
be addressed. ALD, alcohol-associated liver disease; CMRF, cardio-
metabolic risk factor; CVD, cardiovascular disease; HDL, high-den-
sity lipoprotein; LDL, low-density lipoprotein; MASLD, metabolic 
dysfunction-associated steatotic liver disease; MASH, metabolic dys-
function-associated steatohepatitis; MetALD, MASLD with increased 
alcohol intake
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Genetic factors have also been shown to contribute to the 
onset and progression of MASLD [42].

FRQ. How do genetic factors contribute to MASLD 
development and progression?

� Genetic polymorphisms in lipid metabolism and inflammatory pathways influence 

susceptibility to MASLD and disease severity. 

Multiple genetic polymorphisms, including those in patatin-
like phospholipase domain-containing protein 3 (PNPLA3), 
transmembrane 6 superfamily member 2 (TM6SF2), hydrox-
ysteroid 17-beta dehydrogenase 13 (HSD17B13), and mem-
brane-bound O-acyltransferase domain-containing protein 7 
(MBOAT7), affect disease severity and prognosis [42]. The 
PNPLA3 I148M variant is particularly prevalent in East 
Asian populations and confers an approximately twofold 
increased risk of advanced fibrosis [43]. The HSD17B13 
loss-of-function variant attenuates inflammation and fibrosis 
and is considered a protective allele [44].

Diagnosis and risk stratification by noninvasive 
liver disease assessment

CQ. Are biomarkers and scoring systems useful 
for diagnosing and assessing fibrosis and inflammation 
in MASLD? (Table 3)

� Liver fibrosis and inflammation in MASLD are closely related to prognosis. 

Hematological biomarkers and scoring systems are useful for assessing fibrosis 

progression, inflammatory activity, and at-risk MASH; therefore, their use is 

recommended. (Evidence Level A, strong recommendation) (Table 3) 

Fibrosis stage is the strongest predictor of prognosis in 
MASLD/MASH, making accurate assessment essential. 
Combining biomarkers and scoring systems enables reli-
able fibrosis staging. Type IV collagen 7S measured by 
chemiluminescent enzyme immunoassay shows improved 
diagnostic accuracy, with proposed cutoffs of 3.8 ng/mL for 
F2 [45]. Reported enhanced liver fibrosis (ELF) test thresh-
olds are approximately 9.2–9.8 for F2, 9.8 for F3, and 11.8 
for F4 [46, 47]. Although the assay for Mac-2-binding pro-
tein glycosylation isomer (M2BPGi) has been updated to a 
quantitative M2BPGi (M2BPGi-Qt) method with improved 
analytical precision, evidence from Japan remains limited. 

The proposed cutoff for significant fibrosis (≥ F2) is ≥ 1.0 
C.O.I. [48, 49], while autotaxin values vary by sex [50].

Cytokeratin 18 fragments (CK-18F), which are already 
reimbursed in Japan, reflect disease activity and may help 
identify at-risk MASH when CK-18F levels are ≥ 200–260 
U/L are combined with a Fibrosis-4 (FIB-4) score of > 1.3 
[51].

CQ. Are noninvasive steatosis diagnostic methods 
useful for diagnosing SLD?

� Noninvasive diagnostic methods for SLD, including ultrasound B-mode imaging, 

MRI–proton density fat fraction (MRI-PDFF), and ultrasound attenuation methods, 

are useful and therefore recommended. (Evidence Level A, strong recommendation) 

Ultrasound B-mode imaging has traditionally been used for 
screening and initial evaluation of hepatic steatosis, based 
on findings such as increased liver–kidney contrast and pos-
terior beam attenuation [52]. Because of its noninvasive-
ness and convenience, it remains widely used; however, its 
sensitivity is limited for mild steatosis (< 20–30%), and it is 
subject to operator dependency and limited objectivity [53].

To overcome these limitations, several noninvasive 
quantitative techniques have been developed. Among them, 
MRI-PDFF shows the strongest correlation with histologic 
fat content and is considered a reliable quantitative method. 
A Japanese study demonstrated excellent diagnostic perfor-
mance, with an area under the receiver operating character-
istic curve (AUROC) of 0.90 for detecting grade ≥ 2 steatosis 
[54]. MRI-PDFF is being increasingly used as a reference 
standard in clinical studies in place of liver biopsy.

Ultrasound-based attenuation techniques—includ-
ing controlled attenuation parameter, attenuation imag-
ing, ultrasound-guided attenuation parameter, attenuation 

Table 3   Cutoff values for fibrosis staging using NILDA modalities 
[1, 47, 61, 114, 115]

ELF, enhanced liver fibrosis; MRE, magnetic resonance elastography; 
NILDA, noninvasive liver disease assessment; SWE, shear-wave elas-
tography; VCTE, vibration-controlled transient elastography
*Cutoff values for SWE may vary depending on device type and 
acquisition parameters; reference values specific to each system 
should be considered
**Reported ELF cutoff values vary across studies; therefore, a repre-
sentative range is shown

VCTE MRE SWE ELF

≥ F2 ≥ 8 kPa ≥ 3.14 kPa ≥ 8 kPa (≥ 1.6 m/s)* 9.2–9.8**
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measurement, and ultrasound-derived fat fraction—have 
also been incorporated into clinical practice. Controlled 
attenuation parameter, attenuation imaging, ultrasound-
guided attenuation parameter, and attenuation measurement 
are currently reimbursed in Japan [55–59]. These techniques 
provide better diagnostic performance than conventional 
B-mode imaging and can be performed easily in routine 
settings.

CQ. Is hepatic fat quantification useful for predicting 
progression of liver disease?

� Because hepatic fat content and its longitudinal changes may be associated with 

disease progression, serial assessment of hepatic fat is suggested. (Evidence Level C, 

weak recommendation) 

CQ. Is ultrasound elastography useful for diagnosing 
fibrosis in MASLD?

� Ultrasound elastography is recommended for assessing fibrosis in MASLD.

(Evidence Level A, strong recommendation)  

Ultrasound elastography is a noninvasive technique that 
quantifies tissue stiffness by analyzing the propagation 
of ultrasound-induced shear waves. The main modali-
ties include vibration-controlled transient elastography 
(VCTE) (FibroScan®), two-dimensional shear-wave elas-
tography (2D-SWE), and point shear-wave elastography 
(p-SWE).

VCTE provides validated cutoffs for fibrosis staging. 
Meta-analyses report AUROCs of approximately 0.83 
for ≥ F2, 0.85 for ≥ F3, and 0.89 for F4 [60]. Thresholds of 
8 kPa (rule-out) and 12 kPa (rule-in) have been proposed for 
F3 fibrosis, and liver stiffness measurements of > 10 kPa are 
associated with an increased risk of HCC [61]. In 2025, the 
U.S. Food and Drug Administration accepted FibroScan® 
liver stiffness measurement as a reasonable alternative to 
liver biopsy in clinical trials for noncirrhotic MASH.

Two-dimensional SWE allows real-time visualization 
of shear-wave propagation and shows AUROCs ranging 
from 0.72 to 0.88 for fibrosis staging [60]. Suggested 
cutoffs for F3 are approximately 8 kPa (rule-out) and 
10.5 kPa (rule-in). p-SWE [61], which measures stiff-
ness at a single site, also demonstrates high diagnos-
tic accuracy, with AUROCs of 0.86–0.90 for fibrosis 
stages ≥ F2–F4 [60].

Large international cohort studies, including one involv-
ing more than 16,000 patients with MASLD, have shown 
that VCTE predicts liver-related outcomes comparably 
to—or better than—liver biopsy, with longitudinal changes 
further improving prognostic accuracy [62]. These findings 
support the role of ultrasound elastography as a practical 
alternative to liver biopsy.

CQ. Is magnetic resonance elastography (MRE) useful 
for diagnosing fibrosis in MASLD?

� MRE is useful for diagnosing fibrosis in MASLD and is recommended as a 

noninvasive diagnostic method at facilities where it is available. (Evidence Level A, 

strong recommendation)

Risk stratification and follow‑up flowchart 
for high‑risk liver disease

The framework shown in Fig. 3 adopts a shared-care con-
tinuum in which primary care physicians and gastroenterol-
ogy/hepatology specialists collaboratively and sequentially 
contribute to MASLD management according to disease 
severity. The process begins with identifying suspected 
SLD based on clinical history, assessment of alcohol intake, 
metabolic risk factors, and imaging findings suggestive of 
hepatic steatosis. In facilities capable of imaging-based fat 
quantification, ultrasound or alternative imaging modalities 
are recommended to confirm steatosis.

First-line risk assessment is based on the FIB-4 index 
and platelet count. The FIB-4 index is a noninvasive fibro-
sis score calculated from age, platelet count, aspartate ami-
notransferase (AST), and alanine aminotransferase (ALT), 
and it is useful for fibrosis screening [61, 63]. Referral algo-
rithms for MASLD have been proposed in several guide-
lines [2, 61, 64, 65]. All of these algorithms use the FIB-4 
index as the primary risk stratification tool and recommend 
referral to a gastroenterologist/hepatologist when FIB-4 
is > 2.67 or when FIB-4 is 1.3–2.67 (≥ 2.0 in individuals 
aged ≥ 66 years). Meta-analyses report AUROC values rang-
ing from 0.65 to 0.76 [66, 67]. The platelet count provides 
complementary risk stratification because lower counts may 
reflect more advanced fibrosis (low risk: > 200,000/µL; inter-
mediate risk: 150,000–200,000/µL; high risk: < 150,000/
µL).

In Japan, several serum fibrosis markers are available 
[68], including type IV collagen 7S [45], M2BPGi [48], 
autotaxin [50] and the ELF test [46, 47], which incorpo-
rates hyaluronic acid, tissue inhibitor of metalloproteinase 
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1 (TIMP-1), and procollagen III aminoterminal peptide 
(P-III-P). These markers provide additional information for 
refining fibrosis staging and assessing inflammatory activity, 
thereby helping determine the need for specialist referral.

Liver biopsy is reserved for cases in which noninvasive 
tools yield inconclusive results or when a definitive diagnosis 
is required to guide treatment decisions. Low-risk patients, 
particularly those with minimal fibrosis, may continue follow-
up in primary care with periodic reassessment, typically once 

per year. Similarly, patients with mild liver fibrosis may be 
managed by a primary care physician.

Overall, this structured approach improves the accuracy 
of identifying high-risk liver disease and supports efficient, 
collaborative care between primary care physicians and liver 
specialists.

Perform at a center with imaging facili�es.

2D-SWE and p-SWE are provided by different manufacturers, and the measurement methods
and specifica�ons differ among devices.

In case of mild liver fibrosis, follow-up by a primary care physician is possible.

Fig. 3   Risk stratification and follow-up flowchart for high-risk liver 
disease. This flowchart presents a stepwise approach for identifying 
and managing patients with MASLD. Evaluation is designed as a 
shared-care model between primary care physicians and gastroenter-
ology/hepatology specialists, combining accessible screening tools 
with specialized diagnostic modalities. The process begins with iden-
tification of suspected SLD, including MASLD, based on clinical his-
tory, alcohol intake assessment, metabolic risk factors, and imaging 
findings suggestive of hepatic steatosis. In facilities capable of imag-
ing-based fat quantification, ultrasound or alternative imaging modal-

ities are recommended to confirm steatosis. First-line risk assessment 
is based on the FIB-4 index and platelet count. Patients meeting any 
of the following three criteria should be referred to a gastroenterolo-
gist/hepatologist for further evaluation: elevated fibrosis or disease 
progression markers, intermediate risk based on FIB-4 index and/or 
low platelet count, or persistently elevated AST or ALT levels. ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; FIB-4, 
Fibrosis-4 index; MASLD, metabolic dysfunction-associated steatotic 
liver disease; SLD, steatotic liver disease
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BQ. Is a liver biopsy required for the diagnosis 
of MASLD?

� Liver biopsy is not mandatory for the diagnosis of MASLD. With recent advances in 

noninvasive diagnostic methods, disease severity—particularly the degree of liver 

fibrosis—can now be assessed with reasonable accuracy without biopsy. However, 

liver biopsy remains valuable in selected situations, such as establishing a definitive 

diagnosis of at-risk MASH, assessing inflammatory activity, resolving discrepancies 

between noninvasive tests, and differentiating MASLD from other chronic liver 

diseases. 

Criteria for gastroenterological consultation 
in patients with MASLD

Cirrhosis and HCC are major determinants of prognosis 
in MASLD. Accordingly, patients with advanced liver 
fibrosis, who are at higher risk for these outcomes, should 
be referred to a gastroenterologist/hepatologist. Referral 
is recommended for patients meeting any of the follow-
ing three criteria (Table 4): elevated fibrosis markers or 
evidence of disease progression, intermediate risk based 
on the FIB-4 index and/or low platelet count, or persis-
tently elevated AST or ALT levels. To improve diagnostic 
accuracy, VCTE, 2D-SWE, p-SWE, and MRE are recom-
mended for evaluating fibrosis progression and informing 
treatment strategies.

FRQ. What is the appropriate screening method 
for liver cirrhosis and liver cancer due to MASLD?

� In MASLD, risk stratification based on the progression of liver fibrosis is essential. 

In principle, HCC screening every 6 months is recommended for patients with 

advanced liver fibrosis. However, screening strategies for patients without advanced 

fibrosis have not yet been established and remain an important area for future 

research. Regular assessment of liver fibrosis during follow-up is also necessary 

because it may facilitate early detection of cirrhosis and liver failure. 

Follow‑up and management of CVD 
and extrahepatic malignancies

Clear criteria for CVD screening and specialist referral have 
not been established. Nevertheless, MASLD is associated 
with an increased risk of CVD, and both MASLD itself 
and disease progression may contribute to this risk. Active 
screening and referral to appropriate specialists are there-
fore generally recommended (Fig. 3). Shared risk factors 
for MASLD and CVD include obesity, elevated blood pres-
sure, impaired glucose tolerance, low high-density lipopro-
tein cholesterol levels, and hypertriglyceridemia, and efforts 
should be made to mitigate these risks. Elevated low-density 
lipoprotein cholesterol is also a common CVD risk factor, 
and appropriate lipid-lowering strategies should be imple-
mented in patients with MASLD.

With respect to extrahepatic malignancies, age-appropri-
ate screening for colorectal cancer and other malignancies is 
suggested. However, optimal screening methods and inter-
vals have not yet been adequately validated.

Treatment

Lifestyle modification is fundamental to the management 
of MASLD and should be maintained even during pharma-
cologic therapy [69] (Fig. 4). Weight loss, reduced energy 
intake, and appropriate nutritional balance are effective in 

Table 4   Criteria for referral to gastroenterology/hepatology in patients with MASLD

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; FIB-4, Fibrosis-4; MASLD, metabolic dysfunc-
tion-associated steatotic liver disease; M2BPGi, Mac-2-binding protein glycosylation isomer; MRE, magnetic resonance elastography; NILDA, 
noninvasive liver disease assessment; SWE, shear-wave elastography; VCTE, vibration-controlled transient elastography

FIB-4 index > 2.67
FIB-4 index 1.3–2.67 (≥ 2.0 in individuals aged ≥ 66 years) and any NILDA result above the cutoff, including:
i) VCTE
ii) MRE
iii) SWE
iv) Serum biomarkers (ELF, type IV collagen 7S, M2BPGi, or autotaxin)
Platelet count < 200,000/µL
Persistently elevated AST and/or ALT levels
Imaging findings suggestive of cirrhosis
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improving MASLD [70–73]. Weight loss of ≥ 5% improves 
hepatic steatosis, while ≥ 10% may lead to fibrosis regres-
sion [26, 74–76]. In non-obese individuals, even a 3–5% 
reduction in body weight may be beneficial [77]. Calorie-
restricted diets and balanced dietary patterns, such as the 
Mediterranean or Japanese diet, improve insulin sensitivity 
and reduce intrahepatic fat [78–80].

Exercise is beneficial not only for reducing intrahepatic 
fat but also for improving glucose and lipid metabolism 
and mitigating sarcopenia, and it is considered a core 
component of treatment. Aerobic and resistance exercise 
totaling ≥ 150 min per week improves steatosis and car-
diometabolic parameters, even in the absence of signifi-
cant weight loss [81, 82]. As of 2025, no pharmacologic 
therapy had been approved for MASLD in Japan; however, 
several agents are under investigation in clinical trials.

Pharmacological treatments

At-risk MASH is defined as an NAFLD activity score 
of ≥ 4 with fibrosis stage of ≥ F2. This phenotype is asso-
ciated with a higher risk of disease progression and repre-
sents a key target for pharmacological therapy.

CQ. Are glucagon‑like peptide‑1 receptor agonists 
(GLP‑1RA) effective for MASLD?

� The use of GLP-1RA is suggested for the treatment of MASLD. However, as of 

September 2025, these agents were not covered by insurance for MASLD. (Evidence 

Level A, weak recommendation) 

(a) GLP-1RA

Fig. 4   Management strategies for patients with MASLD. (The 
information presented in this figure reflects the clinical and regula-
tory situation in Japan as of 23 September 2025.) *1. GLP-1RA, 
dual GIP/GLP-1RA, SGLT2 inhibitors, pioglitazone, and vitamin E 
are not covered by insurance for MASLD in Japan. *2. Prescription 
by physicians experienced in obesity management is recommended. 
Treatment is indicated for patients with MASLD and hypertension, 
dyslipidemia, or T2DM who have not achieved sufficient effects with 
dietary and exercise therapy and who meet one of the following cri-
teria: BMI ≥ 27 kg/m2 with at least one obesity-related comorbidity. 
BMI ≥ 35 kg/m2. *3. Treatment is indicated for patients with MASLD 

who have not achieved weight loss despite ≥ 6  months of medi-
cal therapy and who meet one of the following criteria: BMI 32.0–
34.9 kg/m2 with at least one comorbidity (T2DM with HbA1c ≥ 8.0%, 
hypertension, dyslipidemia, or obstructive sleep apnea), BMI ≥ 35 kg/
m2. *4. In patients with compensated liver cirrhosis, surgical indica-
tions should be evaluated with particular caution. BMI, body mass 
index; GIP, glucose-dependent insulinotropic polypeptide; GLP-1RA, 
glucagon-like peptide-1 receptor agonist; HbA1c, hemoglobin A1c; 
MASLD, metabolic dysfunction-associated steatotic liver disease; 
SGLT2, sodium–glucose cotransporter 2; T2DM, type 2 diabetes 
mellitus
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GLP-1RA reduces hepatic fat by promoting weight loss, 
improving insulin sensitivity, and exerting direct anti-
inflammatory and antifibrotic effects on the liver. In the 
LEAN trial, liraglutide achieved MASH resolution in 39% 
of patients [83]. Semaglutide, evaluated in the ESSENCE 
trial (2025), achieved MASH resolution in 63% of patients 
and fibrosis improvement in 37% [84, 85]. In 2025, the 
U.S. Food and Drug Administration granted accelerated 
approval of semaglutide for the treatment of MASH. Real-
world data also indicate that GLP-1RA use is associated 
with a reduced risk of cirrhosis and liver-related mortality 
[86].

CQ. Are glucose‑dependent insulinotropic polypeptide 
(GIP)/GLP‑1RA effective for MASLD?

� The use of GIP/GLP-1RA is suggested for the treatment of MASLD. However, as of 

June 2025, these agents were not covered by insurance for MASLD. (Evidence Level 

B, weak recommendation) 

(b) Dual GIP/GLP-1RA
Tirzepatide combines GIP- and GLP-1-mediated 

actions, resulting in greater weight loss and broader meta-
bolic benefits. In the SYNERGY-MASH trial, tirzepatide 
15 mg achieved MASH resolution in 62% of patients and 
fibrosis improvement in 51% after 52 weeks [87]. The 
most common adverse events were gastrointestinal symp-
toms; these were generally mild to moderate, and overall 
tolerability was favorable.

CQ. Are sodium–glucose cotransporter 2 (SGLT2) 
inhibitors effective for MASLD?

� SGLT2 inhibitors have been shown to improve hepatic steatosis, MASH, and liver 

fibrosis, and their use is suggested for the management of MASLD. However, 

evidence for histological improvement and long-term liver-related outcomes remains 

limited, and further studies are needed. These agents are not covered by insurance 

for MASLD. (Evidence Level B, weak recommendation) 

(c) SGLT2 inhibitors
SGLT2 inhibitors promote glycosuria and energy loss, 

leading to weight reduction and improved insulin resist-
ance. Several randomized controlled trials, including the 
DEAN trial, have demonstrated significant improvements 
in hepatic steatosis, hepatocellular ballooning, and fibrosis 

[88–91]. Meta-analyses have confirmed improvements in 
ALT levels, liver stiffness, and fibrosis markers [92, 93]. In 
addition, SGLT2 inhibitors reduce cardiovascular and renal 
events, making them particularly attractive for patients with 
MASLD and T2DM [94].

CQ. Is pioglitazone effective for MASLD?

� Pioglitazone has been shown to improve liver histology and liver enzyme 

abnormalities in patients with MASLD, and its use is suggested. However, treatment 

should be undertaken with caution because of potential adverse effects. Pioglitazone 

is not covered by insurance for MASLD. (Evidence Level B, weak recommendation) 

(d) Pioglitazone
As a peroxisome proliferator-activated receptor (PPAR)

γ agonist, pioglitazone improves insulin sensitivity and 
reduces hepatic inflammation [95, 96]. Meta-analyses have 
demonstrated significant histological improvement, includ-
ing improvements in ballooning and steatosis, in both dia-
betic and non-diabetic patients with MASH [97]. However, 
adverse effects such as weight gain, edema, heart failure, and 
osteoporosis limit its use, and caution is particularly war-
ranted in elderly patients and those with heart failure [61].

CQ. Are lipid metabolism‑modifying agents effective 
for MASLD?

Pemafibrate

� There is no evidence that pemafibrate improves liver histology in patients with 

MASLD and concomitant hypertriglyceridemia. However, improvements in liver 

enzyme abnormalities have been reported, and its use is suggested. Pemafibrate is 

not covered by insurance for the treatment of MASLD. (Evidence Level C, weak 

recommendation) 

Statins

� Although statins have not been shown to clearly improve liver histology in patients 

with MASLD and concomitant hypercholesterolemia, they improve liver enzyme 

abnormalities and liver-related outcomes; therefore, their use is suggested. Statins 

are not covered by insurance for the treatment of MASLD. (Evidence Level C, weak 

recommendation) 

(e) Lipid-modifying agents
Pemafibrate, a selective PPARα modulator, reduces 

transaminase levels and fibrosis markers but lacks evidence 
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of histological efficacy. It may be beneficial in patients with 
MASLD and hypertriglyceridemia [98].

Statins reduce cardiovascular events and may lower 
ALT levels and fibrosis risk [99, 100]. Observational 
studies have reported a decreased incidence of HCC and 
a reduced risk of liver-related events in patients with 
MASLD-related cirrhosis [101]. Accordingly, statins 
are recommended for patients with MASLD and dyslipi-
demia when clinically indicated.

Ezetimibe and omega-3 fatty acids lack sufficient evi-
dence of efficacy [102–104] and are not recommended as 
MASLD-specific treatments.

(f) Hepatoprotective agents
Agents such as ursodeoxycholic acid and glycyrrhizin 

derivatives have not demonstrated consistent histological 
or biochemical benefits and are not recommended in cur-
rent guidelines.

CQ. Is vitamin E effective for MASLD?

� Vitamin E has been shown to improve liver histology and liver enzyme abnormalities 

in patients with MASLD [105]. However, its overall effectiveness is limited, and its 

use should therefore be considered on a case-by-case basis. Vitamin E is not covered 

by insurance for the treatment of MASLD. (Evidence Level B, weak 

recommendation) 

Surgical treatment

In patients with MASLD and severe obesity, metabolic 
and bariatric surgery represents a useful treatment option 
for improving liver pathology. However, a comprehensive 
treatment strategy is required, taking into account surgical 
indications in patients with liver cirrhosis and the potential 
for postoperative recurrence of MASLD [106].

The number of liver transplants performed for decom-
pensated cirrhosis due to MASLD is increasing. Although 
post-transplant survival is comparable to that observed in 
other liver diseases [107], the incidence of comorbidities, 
particularly CVD, remains high.

Comprehensive management

Management of MASLD should be individualized, 
with lifestyle modification as the therapeutic founda-
tion, pharmacologic therapy considered for high-risk or 
biopsy-proven MASH, and appropriate control of car-
diovascular risk factors. Multidisciplinary care involving 

gastroenterologists/hepatologists, endocrinologists, and 
cardiologists is essential for improving long-term out-
comes. The cost-effectiveness of liver cancer screening 
remains unclear in patients without cirrhosis. In addition, 
differences in health insurance systems between Japan and 
other countries may influence perspectives on the cost-
effectiveness and implementation of screening strategies.

Other candidate drugs

Several global phase 3 trials are currently evaluating novel 
agents targeting lipotoxicity, inflammation, and fibrosis. These 
include farnesoid X receptor agonists [108] (e.g., obeticholic 
acid), thyroid hormone receptor-β agonists [109] (e.g., resmeti-
rom), and pan-PPAR agonists [110] (e.g., lanifibranor). In addi-
tion, several fibroblast growth factor 21 analogues [111, 112], 
such as efruxifermin and pegozafermin, are advancing through 
clinical development and are considered promising candidates 
for MASLD treatment. Combination strategies integrating meta-
bolic and antifibrotic approaches are expected to further refine 
MASLD management, and gene-targeted therapies may enable 
future personalized treatment strategies [113].

FRQ. Is resmetirom effective for MASH?

� Resmetirom has demonstrated efficacy in the treatment of MASH in patients with 

fibrosis stages F2–F3 [109]. However, resmetirom is not currently approved for use 

in in Japan. 
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