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PREAMBLE significant alcohol consumption. Recently, a novel concept
of fatty liver disease (FLD) has emerged. When the term
Purpose and scope ‘nonalcoholic’ was first introduced, the disease identity of

NAFLD was based on the exclusion of other etiologies for
Nonalcoholic fatty liver disease (NAFLD) is defined as chronic liver disease. However, the characteristics of
excessive fat accumulation in the liver in the absence of ~ NAFLD have gradually been established, as it is closely

Corresponding author : Byoung Kuk Jang

Department of Internal Medicine, Keimyung University College of Medicine, 1035 Dalgubeol-daero, Dalseo-gu, Daegu 42601, Korea
Tel: +82-53-258-7720, Fax: +82-53-258-4343, E-mail: jangha106@gmail.com

https://orcid.org/0000-0002-8950-0866

Young Kul Jung

Department of Internal Medicine, Korea University College of Medicine, 123 Jeokgeum-ro, Danwon-gu, Ansan 15355, Korea
Tel: +82-31-412-7623, Fax: +82-31-412-5582, E-mail: 93cool@hanmail.net

https://orcid.org/0000-0002-6566-1382

*W Sohn, YS Lee, SS Kim, JH Kim, and YJ Jin contributed equally as co-first authors.

Editor: Vincent Wai-Sun Wong, The Chinese University of Hong Kong, Hong Kong Received: Jan. 13, 2025 / Revised: Feb. 10, 2025 / Accepted: Feb. 19, 2025

Copyright © 2025 by Korean Association for the Study of the Liver
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Clinical and Molecular Hepatology
Volume_31 Supplement February 2025

associated with metabolic dysfunction such as obesity, in-
sulin resistance, diabetes mellitus, hypertension, and dys-
lipidemia. The paradigm shift in FLD has transitioned from
NAFLD to metabolic dysfunction-associated steatotic liver
disease (MASLD), which requires the presence of at least
one metabolic dysfunction.

Therefore, it is necessary to clarify the definition of
MASLD and delineate the similarities and differences be-
tween NAFLD and MASLD. Moreover, resmetirom, an oral
thyroid hormone receptor-beta (THR-p) agonist, demon-
strated successful treatment outcomes for metabolic dys-
function-associated steatohepatitis (MASH) in a phase llI
clinical trial. Resmetirom was approved in March 2024 in
the United States (US) as a treatment for MASH. It is nec-
essary to share the knowledge for the clinical evidence and
use of resmetirom for MASH. This guideline aimed to clari-
fy the concept and clinical manifestations of MASLD and
describe the clinical use and perspective of new pharma-
cologic therapy for MASH. Therefore, we reviewed Korean
and international studies to prepare appropriate guidelines
based on evidence, to reflect domestic conditions as much
as possible. While the 2021 Korean Association for the
Study of the Liver (KASL) Clinical Practice Guidelines for
the Management of NAFLD’ was completely revised, this
guideline has been substantially amended to incorporate
recent advances and updated recommendations on 11
clinical issues requiring updates in medical information.
This guideline includes the Korean nomenclature, defini-
tion, diagnostic criteria, clinical manifestation, and progno-
sis of MASLD. It also shares updates on the drugs ap-
proved for MASH treatment and definition and diagnostic
criteria of MASLD in pediatrics. There is a continuity be-
tween 2021 KASL Clinical Practice Guidelines for the
Management of NAFLD’ and the present guideline. We re-

fer to the 2021 KASL Clinical Practice Guidelines for the
Management of NAFLD’ for the issues not included in this
guideline. Those issues are risk factors including genetic
factors, diagnostic methods, HCC surveillance, prevention
of HCC, lifestyle modification, and surgical treatment.

These guidelines have been developed through review-
ing medical evidence by experts to provide a practical ref-
erence for the treatment, research, and education of
MASLD. They are not absolute standards for treatment,
and the best choice of practice for individual patients may
vary depending on their specific circumstances. In cases
where related studies on clinically essential issues are
lacking, we tried to present consensus opinions from ex-
perts. If relevant evidence based on new research results
is accumulated in the future, these guidelines can be re-
vised and supplemented. The guidelines cannot be modi-
fied, transformed, or reproduced without permission.

Target population

The target population of these guidelines includes adults,
adolescents, and pediatric patients with MASLD.

Intended users

The following guidelines aim to provide clinical informa-
tion useful for the decision-making of healthcare providers
involved in the diagnosis and treatment of patients with
MASLD and to raise awareness of MASLD among them,
ultimately reducing morbidity and mortality and increasing
the quality of life for patients with MASLD. In addition, these
guidelines are intended to provide specific and practical in-
formation to resident physicians, practitioners, and trainers.

Abbreviations:

AASLD, American Association for the Study of Liver Diseases; AGREE II, Appraisal of Guidelines for Research and Evaluation II; ALD, alcohol-related liver disease; BMI,
body mass index; CAP, controlled attenuation parameter; Cl, confidence interval; CVD, cardiovascular diseases; EASL, European Association for the Study of the Liver;
FASN, fatty acid synthase; FDA, Food and Drug Administration; FGF, fibroblast growth factor; FIB-4, fibrosis-4; FLI, fatty liver index; GLP-1, glucagon-like peptide-1;
GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; HCC, hepatocellular carcinoma; HDL-C, high-density lipoprotein cholesterol; HOMA-
IR, homeostatic model assessment for insulin resistance; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; KASL, Korean Association for the Study of the Liver;
LDL-C, low-density lipoprotein cholesterol; LSM, liver stiffness measurement; MAFLD, metabolic dysfunction-associated fatty liver disease; MASH, metabolic dysfunction-
associated steatohepatitis; MASL, metabolic dysfunction-associated steatotic liver; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, MASLD with
increased alcohol consumption; MRE, magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging proton density fat fraction; NAFL, nonalcoholic fatty
liver; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; NFS, NAFLD fibrosis score; NHANES, National Health and Nutrition Examination Survey;
NHIS, National Health Insurance Service; PPAR-y, peroxisome proliferator-activated receptor-gamma; SCD1, stearoyl-CoA desaturase 1; SCORE2, systematic coronary
risk evaluation 2; SGLT2, sodium-glucose cotransporter 2; SLD, steatotic liver disease; T2DM, type 2 diabetes mellitus; TE, transient elastography; THR-B, thyroid hormone
receptor-beta; WHO, World Health Organization
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Guideline development group, process, and
funding source

The Clinical Practice Guideline Committee for the Man-
agement of MASLD (hereafter referred to as ‘the Commit-
tee’) was organized in accordance with proposals approved
by the KASL Board of Executives. The committee consists
of 13 hepatologists, one pediatrician specializing in hepa-
tology, and one methodology expert (Supplementary
Table 1). The KASL paid all expenses, and the financial
support did not affect the independence of the guideline
contents. Each member of the committee collected and
analyzed relevant evidence from their respective field and
wrote the manuscript. The timeline of the guideline devel-
opment process is shown in Supplementary Table 2. Con-
flicts of interest among the members are summarized in
Supplementary Table 3.

Literature search for evidence collection

The committee collected relevant Korean and interna-
tional literature through databases, including PubMed,
MEDLINE, KoreaMed, KMBASE, RISS, and KISS, and an-
alyzed them to establish guidelines based on the latest re-
search and evidence. Only Korean and English literature
was searched, and the search terms included ‘nonalcoholic
fatty liver disease’ (NAFLD), ‘metabolic dysfunction-associ-
ated fatty liver disease’ (MAFLD), and ‘metabolic dysfunc-
tion-associated steatotic liver disease’ (MASLD).

Won Sohn, et al.
KASL Guideline for MASLD 2025

Levels of evidence and grades of
recommendations

The literature collected for evidence was analyzed
through systematic review, and the levels of evidence were
classified using the modified grading of recommendations,
assessment, development, and evaluation (GRADE) sys-
tem (Table 1)."* They were categorized based on the pos-
sibility of changes in the assessment through further re-
search as follows: high (A), with the lowest possibility;
moderate (B), with certain possibility; and low (C), with the
highest possibility. Specifically, depending on the type of
study, randomized controlled trials start at a high level of
evidence (A), and observational studies start at a low level
of evidence (C). Considering factors affecting the study
quality, the evidence level was raised or lowered further.?
The strength of recommendation was suggested to be ei-
ther strong (1) or weak (2), according to the GRADE sys-
tem.* It was determined based on the clinical effects of rec-
ommendation, patient receptivity, and socioeconomic
aspects, as well as the level of evidence. For example, a
strong recommendation indicates that interventions could
be applied in most patients with solid certainty regarding a
greater possibility of desirable effects, high-quality evi-
dence, presumed patient-important outcomes, cost-effec-
tiveness, preference, and compliance. A weak recommen-
dation indicates a suggestion made with less certainty,
which could be considered favorable for many patients. Al-
ternative interventions could be chosen for ‘weak recom-

Table 1. GRADE (Grading of Recommendation, Assessment, Development, and Evaluation) system

Criteria

Quality of Evidence
High quality (A)

in the estimate of effect.

Moderate quality (B)

the estimate.
Low quality (C)

change the estimate.
Strength of Recommendation
Strong (1)

Further research is very unlikely to change our confidence

Further research is likely to have an important impact on
our confidence in the estimate of effect and may change

Further research is very likely to have an important impact
on our confidence in the estimate of effect and is likely to

Randomized trials without important
limitations

Randomized trials with important
limitations or observational studies
with special strengths

Observational studies without special
strengths or important limitations

Factors influencing the strength of the recommendation included the quality of the evidence,

presumed patient-important outcomes, and cost.

Weak (2)

Variability in preferences and values, or more uncertainty. Recommendation is made with less

certainty, higher cost, or resource consumption.

http://www.e-cmh.org
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mendations’ according to the preferences of patients or
medical practitioners.

List of key questions

The Clinical Practice Guideline Committee for the Man-
agement of MASLD selected the following key questions
and presented evidence and recommendations for them.

1. What is the evolution of FLD?

2. What is the Korean nomenclature of MASLD?

3. What are the definition and diagnostic criteria of

MASLD?

4. What are the prevalence and incidence of MASLD?

5. What is the risk of cardiovascular disease in MASLD?

6. What is the risk of hepatocellular carcinoma (HCC) in

MASLD?
7. What is the risk of extrahepatic malignancy in MASLD?
8. What is the risk of liver fibrosis and cirrhosis in
MASLD?

9. What are the all-cause mortality and liver-related mor-

tality in MASLD?

10. What is the pharmacologic therapy for MASH?

11. What are the definition and diagnostic criteria in pedi-

atric and adolescent patients with MASLD?

Internal and external review and approval
process

Manuscripts and recommendations prepared by each
member were reviewed for content integrity and validity
during several committee meetings, and the quality of the
guidelines was evaluated using the Appraisal of Guidelines
for Research and Evaluation Il (AGREE ) criteria. The rec-
ommendations were assessed and revised based on the
critical review by the Delphi Committee, consisting of nine
experts in the field of hepatology belonging to the KASL
(Supplementary Table 4). The guidelines were reviewed at
a meeting of an external review board comprising six spe-
cialists in the field of hepatology and at a symposium open
to all KASL members and the public, following which they
were further modified. The Board of Executives of KASL
endorsed the final manuscript.

S4 https://doi.org/10.3350/cmh.2025.0045

Release of the guideline and plan for updates

The KASL Clinical Practice Guideline for the manage-
ment of MASLD will be released at the Liver Week 2025
(May 29, 2025). The Korean version of the guideline is
available on the KASL website (http://www.kasl.org). The
KASL plans to update the guidelines when significant new
evidence emerges, and revisions are deemed necessary
to enhance Korea’s national health.

NOMENCLATURE
Evolution of the nomenclature

Early period of fatty liver

Fatty liver refers to fat accumulation in hepatocytes
caused by various factors. Addison of the United Kingdom
named the condition ‘fatty liver’ in 1836 after observing fat
accumulation in the livers of patients with excessive alco-
hol consumption.® In 1857, Budd reported that fatty liver
development was associated with low physical activity and
excessive fat intake. He observed hepatomegaly in these
patients, with fat accumulation in hepatocytes, but noted
no specific symptoms caused by this condition.® Later, sev-
eral studies revealed that the development of fatty liver is
strongly associated with obesity and diabetes.”®

Period of NAFLD

In 1979, American clinicians Adler and Schaffner intro-
duced the term ‘fatty liver hepatitis’ to describe an FLD as-
sociated with diabetes and obesity, characterized by he-
patic inflammation and fibrosis, but not related to alcohol
consumption.’ In 1980, Ludwig et al. named the condition
‘nonalcoholic steatohepatitis’ (NASH) to describe FLD with
histological features of hepatic inflammation and varying
degrees of fibrosis in patients without a history of alcohol
consumption.'® Histological features included fat accumula-
tion, lobular hepatitis, inflammatory infiltrates, and Mallory
bodies, accompanied by varying degrees of hepatic fibro-
sis, which could progress to liver cirrhosis caused by ste-
atohepatitis.”" The term NAFLD was first introduced in 1986
in a review article by Schaffner and Thaler.” It has been
used for decades as an umbrella term encompassing a
wide spectrum of conditions, ranging from simple steatosis

http://www.e-cmh.org



to steatohepatitis and cirrhosis.

Need for new terminology for the FLD and its devel-
opment

Since the term ‘NAFLD’ was proposed, accumulating
knowledge about the causes and mechanisms of the dis-
ease has established a strong association between its de-
velopment and ‘metabolic dysfunction,” including obesity,
insulin resistance, diabetes, hypertension, and dyslipid-
emia. However, the term ‘NAFLD’ has been criticized for
being a diagnosis of exclusion, failing to reflect the underly-
ing cause of the disease accurately. Additionally, the inclu-
sion of ‘non-" in the disease name has been criticized for
potentially diminishing the perceived significance of the
condition.” Furthermore, it has been overlooked that, even
in the presence of other chronic diseases, fatty liver can
develop or worsen owing to metabolic dysfunction. Eslam
et al. proposed the term ‘metabolic dysfunction-associated
fatty liver disease’ (MAFLD) in 2020 to address these is-
sues." However, concerns have been raised that MAFLD
includes patients with chronic liver diseases of other etiolo-
gies and alcohol-related liver disease, making it challeng-
ing to develop disease-specific biomarkers. Additionally, it
does not encompass the concept of steatohepatitis, which
may limit its consideration of implications for new drug de-
velopment.”®™ Discussions on a new concept of FLD have
been conducted to overcome these issues and incorporate
metabolic dysfunction, the core mechanism of disease de-
velopment, into the disease name. In 2023, members of
multinational liver societies, including the American Asso-
ciation for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver (EASL), led
discussions to establish a new terminology for FLD. Using
the Delphi method, which involved online surveys and hy-
brid meetings, a panel of 236 experts from 56 countries
worldwide reached a consensus on adopting the terms
‘steatotic liver disease’(SLD), with MASLD as a subtype.”'®

Korean nomenclature

As explained earlier, the new concept of FLD has led to
changes in its English nomenclature. Consequently, there
is a need to establish the Korean nomenclature for this new
concept.

http://www.e-cmh.org
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The Korean term for NAFLD

Fat accumulation can occur without excessive alcohol
consumption, and this condition is defined as ‘H|ZF=X|&
Zt&st (NAFLD), a term that has been used for the past
several decades. NAFLD is primarily defined based on his-
tological findings. It includes ‘HIZIZEX|YZF (nonalcoholic
fatty liver, NAFL), characterized by simple fat accumulation
in the liver, and ‘HIZZSX|&Z+H (NASH), which involves
not only fat accumulation but also lobular inflammation and
hepatocyte ballooning and degeneration. The development
of NASH can lead to liver fibrosis and cirrhosis, which can
result in HCC and cirrhosis-related complications. The
above Korean term has been used for the disease spec-
trum of NAFLD to this day.

Establishment of the Korean nomenclature for
MASLD

With the proposal of a new nomenclature for FLD, dis-
cussions on an appropriate Korean designation have be-
come necessary. Although the AASLD and the EASL pro-
posed using the term ‘steatotic’ instead of ‘fatty’, both terms
translate into the same Korean word, ‘X|2"."""® |n Decem-
ber 2023, the KASL recognized the importance of interna-
tionally unified and accurate terminology and approved the
organization of the ‘NAFLD Nomenclature Revision Con-
sensus Task Force'’. In February 2024, the ‘NAFLD Nomen-
clature Revision Consensus Task Force’ under the KASL
was established, initiating work to define new terminology
for FLD and revise it into Korean.” The NAFLD Nomencla-
ture Revision Consensus Task Force, composed of eight
experienced liver specialists in Korea, aimed to revise the
terminology to reflect the nature of FLD accurately and im-
prove patients’ understanding of their condition. As a part
of this effort, the NAFLD Nomenclature Revision Consen-
sus Task Force first conducted a survey to gather opinions
from the KASL members. The survey results showed that
the terms ‘FLD’ and ‘SLD’ received the most responses for
being uniformly named as ‘X|4ZF&2t in Korean. For the
Korean names ‘MAFLD’ and ‘MASLD,’ the survey respons-
es indicated a preference for uniformly naming them as ‘CH
MO AX|S7HESE or ‘THANO|AHBAXIYZIEISF After extensive
discussions and consideration of the survey results, the
NAFLD Nomenclature Revision Consensus Task Force de-
cided to term SLD in Korean the same as the existing term
for ‘FLD’ that is, as ‘X|&ZtE 2l despite the differences in

https://doi.org/10.3350/cmh.2025.0045 S5
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their English terminologies. Accordingly, the Korean names
for MAFLD and MASLD were also naturally decided to be
the same. Considering the above, the NAFLD Nomencla-
ture Revision Consensus Task Force concluded that ‘CHALO]
AX[HZHESE is the most appropriate Korean term for
MAFLD and MASLD, and that ‘CHAIO| A X|ZHEIBE and ‘THA}
O|MEAX|HZHESY carry the same medical meaning. How-
ever, the former was deemed more appropriate as it is eas-
ier to communicate in real practice and explain to Korean
patients.” Additionally, considering that MASLD is very
common in Korea, affecting approximately 25-30% of the
population, it was determined that a shorter name would
be easier to apply than a longer one. Lastly, the NAFLD
Nomenclature Revision Consensus Task Force concluded
that while the English names can be easily communicated
using the abbreviations MAFLD or MASLD, the absence of
such abbreviations in Korean makes the more concise
term ‘CHARO| A X|&ZHE2F more suitable as the Korean no-
menclature. Thus, the KASL coined the Korean terms for
MAFLD and MASLD (Fig. 1).

[Summary]

* A new concept of FLD, MASLD, has been recently
introduced to emphasize metabolic dysfunction as
the pathophysiological mechanism of NAFLD.

* The Korean term for MASLD is ‘CHAHO| & K[ ZFEI P,

DEFINITION AND DIAGNOSIS
NAFLD

NAFLD is defined as a condition characterized by hepatic
fat accumulation on pathological, radiological, or biochemi-
cal examinations in the absence of secondary causes such
as significant alcohol consumption, drug-induced liver inju-
ry, or viral hepatitis.”> NAFLD encompasses the diagnostic
categories of NAFL, NASH, and NAFLD-related cirrhosis.
Although the upper limit of significant alcohol consumption
varies between studies, ranging from 10 to 40 g of pure al-
cohol per day, making it difficult to provide a definitive
threshold, the ‘2021 KASL Clinical Practice Guideline for
NAFLD’ defines significant alcohol consumption as >210 g/
week for men, and >140 g/week for women.*' Diagnosing
NAFLD requires the exclusion of other chronic liver diseas-
es, including significant alcohol consumption.

MAFLD

In 2020, MAFLD was proposed as ‘a diagnosis when he-
patic steatosis is confirmed by pathological, radiological, or
biochemical examination, along with the presence of over-
weight/obesity (body mass index [BMI] =23 kg/m2 for
Asians and =25 kg/m?2 for Western populations), type 2 dia-
betes mellitus (T2DM), or metabolic abnormalities’. Unlike
NAFLD, the diagnosis of MAFLD does not require the ex-
clusion of excessive alcohol consumption and can be

“Fatty liver” “NASH” “NAFLD” “MAFLD” “MASLD” “LHALO| & K| ZHEI S
First proposed by Named by Used by Suggested by Introduced by The KASL coined
Thomas Addison Ludwig and Schaffner and Eslam and Pan-national liver the Korean term of

colleagues Thaler colleagues societies MAFLD and MASLD
in APASL
1836 1980 1986 2020 2023 2024

R
O

N
O

.
O

R
O

A
O

A
O

Figure 1. Evolution and nomenclature of fatty liver disease. NASH, nonalcoholic steatohepatitis; NAFLD, nonalcoholic fatty liver disease;
MAFLD, metabolic dysfunction-associated fatty liver disease; APASL, Asian Pacific Association for the Study of the Liver; MASLD, meta-
bolic dysfunction-associated steatotic liver disease; KASL, Korean Association for the Study for the Liver.
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made regardless of the presence of other chronic liver dis-
eases. Additionally, it was suggested that the disease pro-
gression of MAFLD be described by activity grade and fi-
brosis stage rather than a dichotomous classification of
steatohepatitis or simple steatosis.** However, limitations
of MAFLD include the lack of input from various stakehold-
ers, such as patient advocacy groups, during its formula-
tion; the continued use of the term ‘fatty’; inclusion of meta-
bolic risk factors such as homeostatic model assessment
for insulin resistance (HOMA-IR) and high-sensitivity C-re-
active protein (hs-CRP), which are not frequently used in
clinical practice; and exclusion of the concept of steatohep-
atitis, making it difficult to apply prior clinical trial results of
NASH treatments.

MASLD

The most recently proposed term, MASLD, is defined as
the ‘presence of hepatic steatosis along with at least one

1. BMI 223 kg/m* or WC =90 cm (M), 85 cm (F) (Korean)
BMI 23 kg/m* or WC 290 ¢m (M), 80 cm (F) (Asian)
BMI 225 kg/m* or WC =94 cm (M), 80 cm (F) (ethnicity adjusted equivalent)
2. Fasting serum glucose =100 mg/dL or 2-hour post-load glucose =140 mg/dL
or HbA1C =5.7% or type 2 diabetes or treatment for type 2 diabetes
3. Blood pressure >130/85 mmHg or specific antihypertensive drug treatment -
4. Plasma triglycerides =150 mg/dL or lipid-lowering treatment
5. Plasma HDL-cholesterol <40 mg/dL (M), 50 mg/dL (F) or lipid-lowering
treatment

i Alcohol consumption
>30 g/day (M), >20 g/day (F)

Yes

Alcohol consumption
>60 g/day (M), >50 g/day (F)

No No
’ g

MASLD MetALD

Inflammation and ballooning
on histology
|

Yes
]

v

MASH

Won Sohn, et al.
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cardiometabolic risk factor.”'® Cardiometabolic risk factors
are identified when at least one of the following five condi-
tions is present: (1) BMI =23 kg/m? in Koreans and Asians
or =25 kg/m? in Western populations; or a waist circumfer-
ence =90 cm for men and =85 cm for women in Korea, or
>94 cm for men and =80 cm for women according to the
World Health Organization (WHO),?** (2) fasting blood glu-
cose =100 mg/dL, postprandial 2-h blood glucose =140 mg/
dL, HbA1c =5.7%, or a diagnosis of T2DM or antidiabetic
medication use; (3) blood pressure >130/85 mmHg or anti-
hypertensive medication use; (4) triglycerides >150 mg/dL
or lipid-lowering medication use; or high-density lipoprotein
cholesterol (HDL-C) <40 mg/dL for men and <50 mg/dL for
women, or lipid-lowering medication use.”® The WHO has
proposed the criteria for abdominal obesity in the Asia-Pa-
cific region as a waist circumference =90 cm for men and
>80 cm for women. However, considering the average
waist circumference of Korean adults, the criteria in Korea
are set at 290 cm for men and =85 cm for women. As the

Hepatic steatosis on liver histology or imaging study

Yes

SLD

One or more cardiometabolic risk factors

Yes No

Alcohol consumption
>30 g/day (M), >20 g/day (F)

No

Yes Presence of other causes of steatosis
|

Yes
|

Yes No
ALD Specific etiology SLD Cryptogenic SLD
(drug-induced liver injury,
monogenic disease, etc)

Figure 2. Diagnostic algorithm for MASLD. The specific etiology of SLD includes drug-induced liver injury (e.g., corticosteroids, tamoxi-
fen, amiodarone, irinotecan, methotrexate, lomitapide, valproate, and 5-fluorouracil), monogenic diseases (e.g., lysosomal acid lipase de-
ficiency, Wilson’s disease, hypobetalipoproteinemia, inborn errors of metabolism), and other conditions such as HCV genotype 3 infec-
tion, malnutrition, celiac disease, HIV, and environmental exposure to agents associated with steatosis (e.g., hydrocarbon inhalation).
BMI, body mass index; M, male; F, female; WC, waist circumference; SLD, steatotic liver disease; MASLD, metabolic dysfunction-associ-
ated steatotic liver disease; MetALD, MASLD with increased alcohol consumption; ALD, alcohol-related liver disease; MASH, metabolic

dysfunction-associated steatohepatitis.
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diagnostic criteria for abdominal obesity vary by country
and ethnicity, it is necessary to take these differences into
account and apply them appropriately.***® The term
MASLD encompasses various disease conditions, includ-
ing metabolic dysfunction-associated steatotic liver (MASL),
MASH, and cirrhosis. MASLD is classified as a subtype of
the newly proposed category of SLD. In addition to
MASLD, SLD includes MASLD with increased alcohol con-
sumption (MetALD), which refers to moderate alcohol in-
take, defined as 30-60 g/day for men and 20-50 g/day for
women; alcohol-related liver disease (ALD), associated
with either significant alcohol consumption in the absence
of cardiometabolic risk factors or excessive alcohol con-
sumption in the presence of cardiometabolic risk factor(s);
specific etiology SLD caused by drugs or monogenic dis-
ease; and cryptogenic SLD (Fig. 2)."” Besides alcohol
amount, binge drinking and the period of alcohol use would
be considered to differentiate the diagnosis of MASLD,
MetALD, and ALD. Since current drinking pattern may not
fully reflect their past alcohol exposure, it is important to
assess a more detailed history of alcohol use. However,
there is a lack of evidence on binge drinking and the period
of alcohol use to differentiate the diagnosis of MASLD, Met-
ALD, and ALD. Further researches are needed to determine
how drinking history and episodic heavy drinking should be
considered in clinical practice. When MASLD coexists with

another SLD subtype, the condition can be classified as a
combination etiology.

Comparison of the definitions and diagnostic
criteria of NAFLD, MAFLD, and MASLD

The definitions of NAFLD, MAFLD, and MASLD differ in
terminology, diagnostic methods for hepatic steatosis, al-
cohol consumption thresholds, and diagnostic criteria
(Table 2). NAFLD includes the terms ‘nonalcoholic’ and
‘fatty’ and diagnoses hepatic fat accumulation through
blood tests, imaging, or histological examination. Diagnosis
requires the absence of significant alcohol consumption
(<30 g/day for men and <20 g/day for women). Cardiometa-
bolic risk factors are not included in the diagnostic criteria.
NAFLD is diagnosed by excluding other chronic liver dis-
eases and causes of hepatic steatosis.

In contrast, MAFLD excludes the term ‘nonalcoholic’ and
emphasizes ‘metabolic dysfunction’. Diagnosis of MAFLD
can be made when hepatic steatosis is confirmed by blood
tests (e.g., fatty liver index [FLI], hepatic steatosis in-
dex),?"?® imaging, or histological examination, along with
the presence of overweight/obesity, T2DM, or two or more
metabolic risk factors. Unlike NAFLD or MASLD, MAFLD
does not have an alcohol consumption threshold and does
not require the exclusion of other causes of chronic liver

Table 2. Comparison of the definitions and diagnostic criteria of NAFLD, MAFLD, and MASLD

NAFLD

MAFLD MASLD

Term Includes “nonalcoholic”, “fatty”

Diagnosis of hepatic steatosis Imaging studies or blood

biomarkers or liver histology
NASH
<30 g/day (M), 20 g/day (F)

Steatohepatitis
Amount of alcohol consumption

Criteria for metabolic dysfunction None

Inclusion of HOMA-IR, hs-CRP No
for metabolic risk factors

Other cause of steatosis Exclusion

Excludes “nonalcoholic”,
emphasizes “metabolic

Replaces “fatty” to “steatotic”,
emphasizes “metabolic

dysfunction” dysfunction”

Imaging studies or blood Imaging studies or liver
biomarkers or liver histology histology

- MASH

Regardless of alcohol
consumption

<30 g/day (M), 20 g/day (F)

Overweight or obesity, Type 2
diabetes, or presence of >2
metabolic risk abnormalities

Yes No

Presence of any of the
cardiometabolic criteria

Inclusion Exclusion

NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; MASLD, metabolic dysfunction-
associated steatotic liver disease; NASH, nonalcoholic steatohepatitis; MASH, metabolic dysfunction-associated steatohepatitis; M,
male; F, female; HOMA-IR, homeostatic model assessment for insulin resistance; hs-CRP, high sensitivity C-reactive protein.
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disease or hepatic steatosis. Additionally, MAFLD differs
from MASLD, as the former includes metabolic risk factors
such as HOMA-IR and hs-CRP.

MASLD also emphasizes ‘metabolic dysfunction’ but dif-
fers from MAFLD by using the term ‘steatotic’ instead of
‘fatty’. MASLD is diagnosed through imaging or histological
examination when at least one cardiometabolic risk factor
is present. It also differs from MAFLD, as significant alco-
hol consumption must be absent (<30 g/day for men and
<20 g/day for women), and other causes of SLD must be
excluded.

Concerns have been raised regarding whether findings
from studies on patients with NAFLD can be directly ap-
plied to those with MASLD. In a French cohort of 2,187 pa-
tients diagnosed with NAFLD through liver biopsy, MASLD
diagnostic criteria were also applied. The results showed a
concordance rate of 98.4%, with only 1.6% of patients not
meeting the MASLD criteria.”® In a Swedish cohort study of
1,333 patients with NAFLD, 99.7% of them met the MASLD
criteria. The overall survival rates and liver-related out-
comes exhibited similar trends between the two groups.*
An analysis of data from the National Health and Nutrition
Examination Survey (NHANES) in the US reported a
MASLD prevalence of 31.3%, with a concordance rate of
99% between NAFLD and MASLD.* In a Korean study an-
alyzing 2,535 individuals who underwent magnetic reso-
nance imaging proton density fat fraction (MRI-PDFF) at
five health check-up centers, 992 individuals (39.1%) were
diagnosed with SLD, 745 (29.4%) with MASLD, and 735
(29.0%) with NAFLD. Among those with MASLD, 94.5%
(704/745) were also classified as having NAFLD. Similarly,
95.8% (704/735) of those with NAFLD were classified as
having MASLD. The 31 patients who did not meet the
MASLD criteria were all identified as having cryptogenic
SLD.*

[Summary]

* MASLD is diagnosed when hepatic steatosis is con-
firmed by imaging or liver biopsy, with the presence
of at least one cardiometabolic risk factor and non-
significant alcohol consumption.

e Patients diagnosed with the MASLD criteria show a
high concordance rate (>95%) with those diagnosed
with NAFLD.
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EPIDEMIOLOGY
Prevalence

In Korea, the prevalence of NAFLD diagnosed using ul-
trasonography was reported to be 25.2% in 2009, based
on a study of 141,610 health check-up participants.®® A sys-
tematic review including 61 studies conducted in Korea re-
ported a 30.3% prevalence of NAFLD among 837,897 Ko-
rean individuals, with a 41.1% prevalence in men and
20.3% in women.** A meta-analysis of 237 studies con-
ducted in Asia and published between 1999 and 2019 re-
ported a 32.9% prevalence of NAFLD diagnosed using ul-
trasonography in Korea® and a global meta-analysis
reported a 34.6% prevalence of NAFLD.* These findings
suggest that the prevalence of NAFLD in Korea, Asia, and
worldwide is relatively similar. When transient elastography
(TE) was used to define fatty liver with a controlled attenu-
ation parameter (CAP) score =250 dB/m, the prevalence of
NAFLD was reported to be 42.9%.*” A study using liver bi-
opsy data from living liver donors in Korea reported a
51.4% NAFLD prevalence.*® The prevalence of MAFLD di-
agnosed using ultrasonography was 33.9% among 6,775
health check-up participants from 13 institutions in Korea.*
When fatty liver was defined as an FLI =30 among health
check-up participants, the prevalence of MAFLD was
37.3%.%

The prevalence of MASLD varies depending on the study
population, definition, and diagnostic methods. The preva-
lence of MASLD diagnosed using ultrasonography was
found to be 33.5% among 7,918 health check-up partici-
pants in Korea.* When fatty liver was defined as =5% liver
fat content on MRI-PDFF, the prevalence of MASLD among
2,535 health check-up participants from five institutions in
Korea was 29.5%.% In the same population, the prevalence
of NAFLD was 29.1%. In a single health screening center in
Korea, when fatty liver was defined as >5% liver fat content
on MRI-PDFF, the prevalence of MASLD was found to be
25.2%." In the same cohort, the prevalence of MAFLD
was 29.5%, and that of NAFLD was 25.9%. In 2009, a
study of 9,775,066 health check-up participants found that
when fatty liver was defined as an FLI =30, the prevalence
of MASLD was 27.5%, with 39.5% in men and 17.4% in
women.*® In the same population, the prevalence of
MAFLD was 36.1%, and that of NAFLD was 27.6%. It is
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generally known that MASLD is more prevalent in men
than in women; however, its prevalence tends to be higher
in postmenopausal women.* A 2010 Korean study of
351,068 health check-up participants reported a MASLD
prevalence of 47.2% when fatty liver was defined as an FLI
>60.° In the Ansung—Ansan cohort of 9,497 participants,
when fatty liver was defined as an FLI =30, the prevalence
of MASLD was reported to be 38.3%.* When fatty liver is
defined based on the FLI, there tends to be some variation
in prevalence estimates, often indicating a higher inci-
dence.

Incidence

The incidence of NAFLD in Korea has been increasing. A
Korean study that followed 5,237 men for >4 years report-
ed the incidence rate of NAFLD to be 74.1 cases per 1,000
person-years.”” Among health check-up participants, when
diagnosed using ultrasonography, the incidence rate was
reported to be approximately 48.2 cases per 1,000 person-
years (13.4-77.7 cases)."* A meta-analysis of 237 studies
from Asia, published between 1999 and 2019, reported an
incidence rate of 45.1 cases per 1,000 person-years in Ko-
rea,”® and a global meta-analysis reported an incidence
rate of 60.2 cases per 1,000 person-years.* Studies on
MASLD incidence remain limited, highlighting the need for
further research to assess its incidence accurately. It is ex-
pected that the incidence will likely increase, similar to the
trend observed for NAFLD.

[Summary]
* The prevalence and incidence of MASLD are ex-
pected to be similar to those of NAFLD.

CLINICAL MANIFESTATIONS AND PROGNO-
SIS

Patients with MASLD are at an increased risk of liver-re-
lated complications, including progression to liver fibrosis,
cirrhosis, and HCC. In addition, they are more susceptible
to cardiovascular diseases (CVD) and extrahepatic malig-
nancies, contributing to an overall increase in mortality risk
(Fig. 3).

CvD

MASLD has been shown to follow a natural history, in-
cluding clinical outcomes and mortality rates comparable
to those of NAFLD.***® This has led to the proposition that
previous research findings on NAFLD could be extended to
MASLD.* Cohort studies diagnosing NAFLD based on his-
tological or imaging criteria have consistently shown an in-
creased incidence of CVD and related mortality compared
to non-steatotic controls. However, some variations exist
depending on the diagnostic method for hepatic steatosis,
type of CVD, and adjustment factors used in the analy-

sis.57-59

Liver fibrosis
Liver cirrhosis

Hepatocellular carcinoma

Cardiovascular disease

MASLD

Extrahepatic malignancy

Mortality

Figure 3. Clinical manifestations and prognosis of MASLD. MASLD, metabolic dysfunction-associated steatotic liver disease.
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In a Swedish study involving biopsy-proven patients with
NAFLD followed for 13 years, the incidence of CVD was
24.3 cases per 1,000 person-years, while the CVD-related
mortality rate was 7.2 deaths per 1,000 person-years. No-
tably, the risk of CVD-related mortality remained signifi-
cantly elevated even after adjusting for confounding factors
such as age, sex, diabetes, and obesity (hazard ratio [HR]
1.37, 95% confidence interval [CI] 1.27-1.48).”" In a recent
meta-analysis of 79 studies on NAFLD diagnosed through
histological or imaging methods, the incidence of CVD was
reported as 24.77 cases per 1,000 person-years, closely
aligning with previous research findings. Additionally, the
meta-analysis reported a CVD-related mortality rate of 4.5
deaths per 1,000 person-years.*® Another meta-analysis
comprising 36 studies on NAFLD further confirmed a sig-
nificant elevation in the risk of CVD-related mortality (HR
1.30, 95% Cl 1.08-1.56).”

Using data from the US NHANES, a 23-year longitudinal
cohort study that defined hepatic steatosis via ultrasound
demonstrated that individuals with MAFLD had a signifi-
cantly increased risk of CVD-related mortality even after
adjusting for age, sex, and other confounding factors (HR
1.33, 95% Cl 1.22-1.44).%® A cohort study based on nation-
al health screening data from the National Health Insur-
ance Service (NHIS) in Korea, which defined MAFLD using
an FLI =30, demonstrated that the incidence of CVD was
3.18 cases per 1,000 person-years and the CVD-related
mortality rate was 0.47 deaths per 1,000 person-years. The
study further confirmed a significant increase in the risk of
CVD-related mortality (HR 1.46, 95% Cl 1.41-1.52)."

In a 12-year observational study based on national health
screening data from the NHIS in Korea, where MASLD was
defined using an FLI =30, the incidence of CVD was 3.79
cases per 1,000 person-years, compared to 2.06 cases per
1,000 person-years in the control group. The CVD-related
mortality rate was 0.8 deaths per 1,000 person-years in the
MASLD group, while the control group had a rate of 0.5
deaths per 1,000 person-years. The risk of CVD-related
mortality was significantly elevated in the MASLD group
relative to the control group (HR 1.13, 95% CI 1.11-1.15).®
Another study based on the NHIS in Korea, wherein
MASLD was defined using an FLI =60 and followed for 9
years, reported an annual CVD incidence of 8.5 cases per
1,000 person-years, compared to 6.2 cases per 1,000 per-
son-years in the control group.*® Both studies demonstrat-
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ed that the incidence of CVD was higher in individuals with
MASLD than in non-steatotic controls. However, a recent
23-year follow-up study using data from the US NHANES,
which defined hepatic steatosis using ultrasound, found
that, even after adjusting for risk factors such as age and
sex, the risk of CVD-related mortality in individuals with
MASLD did not show a significant increase compared to
the control group (HR 1.11, 95% CI 0.98-1.27). In contrast,
the risk of CVD-related mortality was significantly in-
creased in MAFLD when including viral hepatitis and alco-
hol-related liver disease (HR 1.13, 95% Cl 1.01-1.27).%

A scoring system for predicting the risk of CVD in individ-
uals with NAFLD has been validated. The Framingham
Risk Score and Atherosclerotic CVD Risk Score, which use
indicators such as age, sex, total cholesterol and high-den-
sity lipoprotein cholesterol levels, blood pressure, diabetes,
and smoking status, have been shown to be applicable in
predicting the 10-year risk of CVD in individuals with
NAFLD.?**® The Systematic COronary Risk Evaluation 2
(SCORE2) model and the SCORE2-Older Persons model,
developed in Europe, can be used to estimate the 10-year
CVD risk in patients with NAFLD.** Recent studies sug-
gesting minimal differences between the patient popula-
tions of NAFLD and MASLD imply that CVD risk prediction
models developed for NAFLD may also be applicable to
MASLD. However, further investigation is warranted to sub-
stantiate this hypothesis.

[Summary]

e The risk of CVD is increased in patients with MASLD,
and CVD serves as a major cause of mortality in
MASLD.

HCC

HCC is the third leading cause of cancer-related mortality
worldwide, and the increasing prevalence of MASLD con-
tinues to contribute to the development of HCC significant-
ly.%® Consequently, further epidemiological research on the
incidence of HCC within the framework of the evolving
spectrum of SLD is essential.

In patients with NAFLD, the incidence of HCC is ex-
tremely low in the absence of progressive hepatic fibrosis
(F0-2).® However, in patients with cirrhosis related to
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NAFLD, the annual incidence of HCC exceeds 1.5%.
Therefore, clinical suspicion of cirrhosis warrants surveil-
lance for HCC.?® A cohort study based on national health
screening data from the NHIS in Korea found that the inci-
dence of HCC was higher in patients with MAFLD com-
pared to those without hepatic steatosis (0.37 cases per
1,000 person-years vs. 0.24 cases per 1,000 person-
years). When stratified by the presence of other chronic liv-
er diseases, MAFLD was not associated with HCC in pa-
tients with concurrent chronic liver conditions. In contrast,
in patients without other chronic liver diseases, MAFLD
emerged as an independent cause of HCC (adjusted HR
1.84, 95% Cl 1.09-3.11).7

A study based on the NHIS in Korea, which followed par-
ticipants for 13 years, found that the incidence of HCC was
0.24% in the non-MASLD group and 0.62% in the MASLD
group. The age-standardized 5-year cumulative incidence
of HCC was 0.09% in the non-MASLD group and 0.18% in
the MASLD group.®® According to an additional domestic
study using data from the NHIS on individuals who under-
went biennial health screenings, the incidence of HCC was
significantly elevated in individuals with MASLD compared
to those without MASLD, over a follow-up period exceeding
10 years (adjusted HR 2.94, 95% Cl 2.68-3.21).°° A do-
mestic study using data from 29,060 hospital health check-
up patients found that the annual incidence of HCC in indi-
viduals with MASLD was 0.18 cases per 1,000 person-
years.”” A study conducted in Taiwan, which followed
5,203,878.9 person-years of patients with SLD, identified
1,392 new cases of HCC, yielding an annual incidence rate
of 26.8 cases per 100,000 person-years. Among these pa-
tients, the incidence of HCC in those with MASLD was
higher, at 30.7 cases per 100,000 person-years.71 In a
study involving 220 patients with MASLD-related decom-
pensated cirrhosis, 40 (18.2%) developed HCC during an
average follow-up period of 3.2 years.”

[Summary]
e The risk of HCC is increased in patients with MASLD.

Extrahepatic malignancy

Patients with NAFLD exhibit a significantly higher preva-
lence of extrahepatic malignancies compared to control
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groups. A meta-analysis of 10 studies demonstrated that
the presence of NAFLD is associated with an increased
prevalence of extrahepatic malignancies.” NAFLD was as-
sociated with a 1.5- to 2-fold increase in the prevalence of
gastrointestinal cancers, including esophageal, gastric,
pancreatic, and colorectal cancers. Additionally, the preva-
lence of lung cancer, breast cancer, gynecological malig-
nancies, and urological cancers increased by an average
of 1.2—1.5 times in patients with NAFLD. A meta-analysis of
22 studies further demonstrated that NAFLD is associated
with an increased risk of various extrahepatic cancers, in-
cluding thyroid, pancreatic, gastrointestinal, urological,
breast, and lung cancers. The risk ranged from a 1.3-fold
increase (lung cancer: HR 1.25, 95% Cl 1.11-1.40) to a 2.6-
fold increase (thyroid cancer: HR 2.63, 95% Cl 1.27-5.45."
In a study of 25,947 Koreans who underwent health check-
ups in 2004, patients with hepatic steatosis showed a sig-
nificantly higher incidence of overall malignancies com-
pared to those without hepatic steatosis (HR 1.32, 95% ClI
1.17-1.49).”° Notably, men with NAFLD exhibited a signifi-
cantly higher incidence of colorectal cancer, while women
showed a markedly increased risk of breast cancer. A me-
ta-analysis of 64 studies reported that the incidence of ex-
trahepatic malignancies in patients with NAFLD was 10.58
cases per 1,000 person-years, with notably higher rates of
uterine, breast, prostate, colorectal, and lung cancers.”
However, among patients with NAFLD, the progression to
liver fibrosis or cirrhosis was not associated with a further
increase in the incidence of extrahepatic malignancies.”
MAFLD significantly contributes to an increased risk of
extrahepatic malignancies. Analysis of data from the NHIS
in Korea demonstrated that MAFLD is associated with an
increased prevalence of 23 distinct extrahepatic malignan-
cies. This risk was significantly amplified in individuals with
multiple metabolic abnormalities compared to those with a
single metabolic risk factor.”” In an analysis involving
151,391 patients from China, MAFLD was found to elevate
the risk of developing extrahepatic malignancies by 1.1
folds (HR 1.05, 95% CI 0.99-1.11), with a statistically signif-
icant increase observed in the incidence of thyroid, renal,
prostate, and breast cancers.”® Various studies have high-
lighted abdominal obesity, elevated BMI, T2DM, and the
presence of multiple metabolic abnormalities as key risk
factors for the development of extrahepatic malignancies.”
To date, the prevalence and incidence of extrahepatic ma-
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lignancies in patients with MASLD have not been exten-
sively studied. A recent Australian study reported that the
incidence of various malignancies was twice as high in in-
dividuals with MASLD compared to those without it. Fur-
thermore, patients with cirrhosis and T2DM were at an
even greater risk of developing extrahepatic malignan-
cies.® Although additional studies are warranted, the com-
parable clinical course of MASLD and the former definition
of NAFLD suggest that the incidence of extrahepatic malig-
nancies in MASLD is likely elevated relative to that in con-
trol populations (Fig. 4).

[Summary]

* The risk of extrahepatic malignancies is elevated in
individuals with MASLD, with obesity and diabetes
serving as prominent contributing factors.

Liver fibrosis and cirrhosis

While NAFL is typically associated with a favorable prog-
nosis, some patients with NASH may develop advanced
liver diseases, including cirrhosis and HCC. In particular,
the presence of advanced fibrosis in NASH significantly in-
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creases the risk of complications such as cirrhosis and liv-
er-related mortality.”*®'

A meta-analysis of 151 studies published since 2000 re-
ported that among overweight individuals with NAFLD, the
prevalence of liver fibrosis (F1-4) was 46.6% (95% Cl
26.6-67.7), that of advanced fibrosis (F3—4) was 6.7%
(95% Cl 4.4-10.0), and that of cirrhosis (F4) was 2.5% (95%
Cl 1.6-3.7). In overweight individuals with NASH, the prev-
alence was even higher, with the prevalence of liver fibrosis
at 72.6% (95% Cl 49.4-87.8), that of advanced fibrosis
(F3—4) at 19.4% (95% CI 7.6—41.1), and that of cirrhosis (F4)
at 1.7% (95% Cl 0.4—6.6). Another meta-analysis reported
that among non-obese patients with NAFLD, 29.2% had
significant liver fibrosis (=F2), and 3.2% had cirrhosis.*®
Various cohort studies and meta-analyses following pa-
tients with NAFL and NASH have reported diverse rates of
fibrosis progression. One study involving 55 patients with
NAFLD reported a fibrosis progression rate of 27% over 3
years based on serial biopsies conducted at 3-year inter-
vals.* In another study of 70 patients with biopsies per-
formed at intervals of >1 year, the fibrosis progression rate
was 29% over an average follow-up of 3.7 years.” A sepa-
rate study of 108 patients who underwent serial biopsies
reported an annual fibrosis progression rate of 0.08+0.25
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Figure 4. MASLD-related extrahepatic malignancies. MASLD, metabolic dysfunction-associated steatotic liver disease.
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stages per year and a cumulative progression rate of 42%
over a follow-up period of 6.6 years.®® In a meta-analysis of
11 cohort studies, including 411 biopsy-confirmed patients
with NAFLD, the annual liver fibrosis progression rate was
0.13 stages. Progression by at least one stage was esti-
mated to take 14.3 years for NAFL and 7.1 years for NASH,
with fibrosis progression occurring approximately twice as
fast in NASH compared to NAFL.*” Moderate alcohol con-
sumption has been identified as a factor influencing fibrosis
progression in patients with NAFLD. A study of 58,927 pa-
tients with NAFLD in Korea reported that men and women
consuming 10.0-29.9 or 10.0-19.9 g of alcohol per day, re-
spectively, had a 1.29-1.31 times higher risk of fibrosis pro-
gression compared to non-drinkers (fibrosis-4 [FIB-4] in-
dex: 95% CIl 1.18-1.40, NAFLD fibrosis score [NFS]:
1.23-1.40).*® Furthermore, a meta-analysis of 32 cohort
and cross-sectional studies found that moderate alcohol
consumption increased the risk of progressive fibrosis by
1.39 times (95% Cl 1.22-1.57) in cohort studies, although
no significant association was observed in cross-sectional
studies.*

Research on the prevalence and incidence of liver fibro-
sis and cirrhosis in MAFLD and MASLD remains scarce. A
prospective study of 202 biopsy-confirmed patients with
MAFLD reported the following prevalence of liver fibrosis
stages: F1: 40.6%, F2: 6.9%, F3: 24.8%, and F4: 2.5%, with
a 27.3% prevalence of advanced fibrosis (F3—4).° More-
over, a study of 969,253 patients with MAFLD without cir-
rhosis from the US Veterans Affairs Database, tracking pa-
tients from 2010 to 2020, reported 5-year and 10-year
cirrhosis incidence rates of 2.42% (95% Cl 2.39-2.45) and
3.70% (95% CIl 3.66-3.74), respectively.®' A recent Korean
study investigated the epidemiology of SLD, which is de-
fined as an FLI =30, in a cohort of 9,497 individuals from
the Ansung—Ansan cohort, with biennial follow-ups from
2002 to 2020. The study found that 26.7% of individuals
with MASLD had significant liver fibrosis, defined using
age-adjusted FIB-4 criteria (FIB-4 >1.3 for individuals aged
35—64 years and FIB-4 >2.0 for those aged =65 years). Af-
ter adjusting for factors influencing fibrosis, the risk of de-
veloping significant liver fibrosis was 1.39 times higher
(95% CI 1.25-1.55) in the MASLD group compared to
those without SLD.*® Another Korean study conducted from
January 2017 to May 2020, involving 7,918 health check-up
participants who underwent magnetic resonance elastog-
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raphy (MRE), reported that the average liver stiffness mea-
surement (LSM) in individuals with MASLD was 2.3 kPa,
which was consistent with the overall average of all partici-
pants. The proportion of individuals with progressive liver
fibrosis (MRE LSM >3.6 kPa) was found to be very low, at
2.4%." The prevalence of liver fibrosis and progressive liv-
er fibrosis varies across studies owing to differences in di-
agnostic methods and criteria. A study conducted between
2009 and 2010 involving 369,094 health check-up partici-
pants in Korea found that individuals with MASLD had a
1.71-fold increased risk (95% Cl 1.58—1.85) of developing
cirrhosis and 1.45-fold increased risk (95% Cl 1.29-1.62) of
developing decompensated cirrhosis compared to those
without SLD. Additionally, in the MASLD population, alco-
hol consumption was associated with a significantly higher
risk of cirrhosis and decompensated cirrhosis, with respec-
tive risks of 2.31 folds (95% Cl 2.05-2.61) and 1.77 folds
(95% Cl 1.47-2.14) compared to the MASLD group without
significant alcohol intake.” Recent studies have reported
that moderate alcohol consumption (100—200 g/week for
men and 100—-130 g/week for women) in individuals with
MASLD increases the risk of significant liver fibrosis (LSM
>8 kPa) by 2.71 folds (95% Cl 1.77—4.13).%® Consequently,
moderate or low levels of alcohol intake in individuals with
MASLD could potentially influence liver fibrosis, highlight-
ing the need for caution. However, further studies, includ-
ing prospective research, are needed to provide more de-
finitive evidence on this matter.

As outlined, the progression of liver fibrosis and the de-
velopment of cirrhosis in patients with MASLD are signifi-
cant determinants of disease severity and prognosis. Liver
fibrosis is generally assessed using liver biopsy as the gold
standard. However, noninvasive methods can be used
when biopsy is not practical. For diagnosing liver fibrosis in
patients with MASLD, transient elastography, shear wave
elastography, and MRE are potential diagnostic tools,
whereas serum markers can be used to exclude the pres-
ence of progressive liver fibrosis.** For detailed information
on the methods and accuracy of individual noninvasive
tests, refer to the ‘2024 Korean Society of Hepatology Clini-
cal Practice Guidelines for Noninvasive Assessment of Liv-

er Fibrosis in Chronic Liver Disease’.**
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[Summary]

e Liver fibrosis progression and the potential cirrhosis
development in patients with MASLD are critical de-
terminants of disease severity and prognosis. Nonin-
vasive diagnostic tools for assessing liver fibrosis in
these patients are guided by the 2024 Clinical Prac-
tice Guidelines for Noninvasive Evaluation of Liver Fi-
brosis in Chronic Liver Diseases’ from the KASL.

Mortality

During a median follow-up of 14.2 years, the all-cause
mortality in patients with biopsy-proven NAFLD (n=10,568)
and matched controls (n=49,925) was 28.6 and 16.9/1,000
person-years, respectively. All-cause mortality was higher
in patients with NAFLD than in matched controls (adjusted
HR 1.93, 95% CI 1.86-2.00).” A meta-analysis revealed
that the leading causes of death in NAFLD were cardiovas-
cular disease, extrahepatic malignancy, and liver-related
events. All-cause mortality from CVD, extrahepatic malig-
nancy, and liver-related events in NAFLD were 5.54, 4.21,
and 1.75/1,000 person-years, respectively.”® Several cohort
studies showed that liver fibrosis is closely associated with
mortality in patients with NAFLD.*"*® The critical factor for
mortality is the stage of liver fibrosis in patients with
NAFLD. Significant fibrosis (=F2) is an independent factor
for all-cause and liver-related mortality in NAFLD, which in-
creases in the presence of significant fibrosis (=F2).° Com-
pared to controls, all-cause mortality increased in NAFL
(HR 1.71, 95% CI 1.64-1.7), NASH without fibrosis (HR
2.14, 95% CIl 1.93-2.38), non-cirrhotic fibrosis (HR 2.44,
95% Cl 2.22-2.69), and cirrhosis (HR 3.79, 95% CI 3.34—
4.30) in a large cohort study based on biopsy.*® Therefore,
all-cause and liver-related mortality were associated with
the presence of steatohepatitis and fibrosis in patients with
NAFLD.” T2DM is also a risk factor for mortality in patients
with NAFLD. A US study using NHANES data showed that
all-cause mortality was higher in patients with NAFLD and
T2DM than in individuals without both of these (HR 1.35,
95% CI 1.19-1.52) or in those with NAFLD without T2DM
(HR 1.60, 95% CI 1.38-1.85)."° A Korean study using
KNHANES data showed that the use of anti-diabetic drugs,
including sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors, reduced liver-related events and mortality in 87,178
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patients with NAFLD and T2DM."’

During a median follow-up of 22.83 years, there was no
significant difference in all-cause mortality between NAFLD
(n=2,736) and MASLD (n=2,600) in a US study using
NHANES data. All-cause mortality in patients with NAFLD
and MASLD was 20.19 and 21.109/1,000 person-years, re-
spectively (P>0.05).%° There was a similar tendency of all-
cause mortality between NAFLD and MASLD, although
patients with MASLD were slightly older and had a slightly
increased CVD-related mortality.”® Another US study using
NHANES data investigated the all-cause mortality of 2,264
patients with MASLD with a median follow-up duration of
27.1 years. All-cause mortality in MASLD was higher in pa-
tients with advanced fibrosis than in those without it (HR
1.53, 95% Cl 1.13-2.06)."” A recent Korean study using
KNHANES data also revealed that all-cause mortality is
higher in patients with MASLD than in those without it (HR
1.32, 95% Cl 1.18-1.48)."®® All-cause mortality increased in
patients with MASLD with significant fibrosis (HR 1.68, 95%
Cl 1.42-2.00) and in those with T2DM (HR 1.85, 95% CI
1.55-2.21). MASLD with significant fibrosis and T2DM
were at high risk of all-cause mortality (HR 2.29, 95% CI
1.77-2.98)."® Liver transplantation was done in 31 patients
(14%), and death occurred in 73 (33.1%) during a median
follow-up of 3.2 years among 220 patients with MASLD-re-
lated decompensated cirrhosis.”

[Summary]
e All-cause and liver-related mortality increase in
MASLD with steatohepatitis and advanced fibrosis.

Impact of cardiometabolic factors in MASLD

High BMI and central obesity are associated with poor
prognosis in patients with MASLD. Compared to BMI 25—
30 kg/m?, severe obesity (=50 kg/m?) has a higher risk of
hepatic decompensation, obesity-related extrahepatic can-
cers, and all-cause mortality.'” The US NHANES Il shows
that all-cause mortality increase as waist circumference
and waist-to-hip ratio increases in patients with MASLD.'®
T2DM is an independent risk factor for fibrosis progression
in patients with MASLD. In 447 patients with biopsy-proven
MASLD, fibrosis progression with >1-stage increase in par-
ticipants with T2DM compared to participants without
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T2DM (adjusted HR, 1.69, 95% Cl 1.17-2.43).° A meta-
analysis reveals that participants with T2DM had a signifi-
cantly higher risk of hepatic decompensation and HCC de-
velopment in MASLD."”” Also, diabetes is a risk factor for
all-cause mortality in patients with MASLD. A Korean study
showed that all-cause mortality is higher in MASLD pa-
tients with diabetes than in those without it (HR 1.85, 95%
Cl 1.55-2.21)." A cohort study diagnosing MASLD using
transient elastography showed that the severity of liver fi-
brosis worsened as the number of cardiometabolic risk fac-
tors increased.®® A prospective cohort study in Korea,
which followed 10,038 patients with MASLD for 17.5 years
using a FLI =30, found that hypertension significantly in-
creased the risk of cardiovascular disease (aHR 1.94, 95%
Cl 1.63-2.31). The same study reported that an increase in
cardiometabolic risk factors was associated with a higher
risk of cardiovascular disease.*® A 9-year study using NHIS
in Korea, where MASLD was defined using an FLI =30
found that MASLD with hypertension had the highest car-
diovascular disease-related mortality compared to other
cardiometabolic risk factors. Additionally, MASLD patients
with low HDL exhibited the highest all-cause, liver-related,
and cancer-related mortality.'”®

DRUG TREATMENTS FOR MASH
General principle of use

As the need for MASH treatment has increased, clinical
studies on various drugs have been conducted to improve
MASH and liver fibrosis. The complex pathophysiology of
MASH and its interaction with other metabolic diseases re-
main poorly understood. As a result, the current therapeu-
tic agents for MASH are under development, targeting a
wide range of targets. Here, the mechanisms of their use
are introduced and effects of previously introduced and
newly developed drugs are discussed.

Antioxidants

Vitamin E, an antioxidant, improves intrahepatic inflam-
mation by reducing oxidative stress that worsens
NASH."" In the large-scale randomized phase IIl PIV-
ENS study, high-dose vitamin E (800 1U/day) administra-
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tion for 96 weeks showed significant improvement in intra-
hepatic inflammation as measured by histological
examination compared to the control group (43% vs. 19%,
P=0.001). However, no improvement in liver fibrosis was
observed."" The resolution rate of NASH, a secondary
endpoint, was 36% in vitamin E, which was higher than
21% in the control group. However, long-term administra-
tion of vitamin E increases the incidence of prostate cancer
and hemorrhagic stroke; hence, caution is required for
long-term use." Furthermore, controversial, high-dose vi-
tamin E (>400 IU/day) administration may be associated
with increased mortality; thus, caution is advised regarding
safety.®™® However, a retrospective study showed that in
236 patients with advanced liver fibrosis or cirrhosis due to
histologically proven NASH, regardless of the presence of
T2DM, the use of vitamin E (800 IU/day) for >2 years re-
duced the risk of death, liver transplantation, and decom-
pensated cirrhosis, but no difference was observed in the
incidence of HCC, vascular disease, or extrahepatic can-
cer."® Additional studies are needed to evaluate the histo-
logical efficacy of vitamin E on MASH and liver fibrosis.

Insulin resistance-improving drugs

Pioglitazone is a peroxisome proliferator-activated recep-
tor-gamma (PPAR-y) agonist that improves insulin resis-
tance in adipose tissue, muscle, and liver, enhances mito-
chondrial function in hepatocytes to reduce hepatic fat, and
improves hepatocyte damage."”" According to four ran-
domized controlled trials, histological steatohepatitis find-
ings were improved in the pioglitazone-administered group
(30 or 45 mg/day) regardless of the presence or absence of
T2DM compared to the placebo group.™""®* However, no
improvement in liver fibrosis, a major indicator predicting
the progression of liver disease, was observed,'" 2122124125
In the PIVENS study, 247 patients with steatohepatitis with-
out T2DM were divided into the pioglitazone (30 mg/day),
vitamin E (800 IU/day), and control groups, with administra-
tion observed for 96 weeks."" The primary endpoint was a
decrease of >2 points in the NAFLD Activity Score (NAS),
defined as an improvement of at least 1 point in ballooning
degeneration and a decrease of at least 1 point in fat accu-
mulation or lobular inflammation. The study results showed
that the pioglitazone group was more effective than the
control group (19% in the control group and 34% in the pio-
glitazone group (P=0.04). However, as the PIVENS study
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compared three groups, statistical significance was deter-
mined only when the P-value was <0.025 in comparison
between the two groups. It was, therefore, reported that the
pioglitazone group did not affect liver histological findings.
Although this drug has beneficial effects on insulin sensitiv-
ity, blood sugar control, serum lipids, and prevention of
CVD in patients with T2DM,””*'*" it may have adverse ef-
fects such as weight gain, leg edema, hemodilution due to
fluid accumulation, post-menopausal bone loss, and risk of
28 However, to date, there have been no
large-scale international phase Il clinical trials on piogli-
tazone for the improvement of steatohepatitis and liver fi-
brosis. Therefore, in the future, it is necessary to confirm
the histological efficacy of pioglitazone on steatohepatitis
and liver fibrosis in patients with MASH without cirrhosis
through a large-scale phase Ill clinical trial.

bladder cancer.

Other drugs

CVD is the most common cause of death in NAFLD;
therefore, correcting the CVD risk factors is crucial.®"**™*
Since increased plasma lipoprotein increases carotid inti-
ma-media thickness and atherosclerotic plaques, which
contribute to CVD, preventing and treating dyslipidemia is
necessary."”" Lipid-lowering agents such as statins (hy-
droxy-methyl-glutaryl coenzyme A reductase inhibitors)
can be used in patients with NAFLD and dyslipidemia.®*"*
As only <1% of patients discontinued statin treatment ow-
ing to hepatotoxicity, statins safely lowered liver enzyme
levels and reduced the incidence of CVD in patients with
NAFLD and elevated liver enzyme levels.”® In a domestic
study using data from the National Health Insurance Ser-
vice, statin administration lowered the incidence of NAFLD
regardless of the presence of T2DM. It also reduced the
progression of liver fibrosis after NAFLD onset.”® If low-
density lipoprotein cholesterol (LDL-C) is not strictly con-
trolled after statin administration, the incidence of CVD in-
creases; therefore, thorough control is necessary.””” A
common side effect of statins is asymptomatic elevation of
liver enzyme levels, which mostly occurs within 1 year of
starting treatment and usually recovers spontaneously.'
This elevation of liver enzyme levels is proportional to the

39 However, there was no difference in the oc-

statin dose.
currence of persistent and significant elevations or adverse
effects of liver and biliary tract diseases compared to the

control group;'*® hence, statin administration is possible in
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chronic liver diseases, including NAFLD.""'** However,
statin administration should be avoided in decompensated
cirrhosis and acute liver failure."**"*® Case-control studies
have shown that statins are associated with a reduced risk
of steatosis, steatohepatitis, and liver fibrosis,"” as well as
a reduced risk of decompensated risk, mortality, and HCC
in patients with cirrhosis.'*®
ed on patients with NAFLD; however, considering that there
was no significant difference in the study group when ap-
plied to patients with MASLD,* it is recommended that
statins be used in MASLD and be considered as a primary
treatment to lower LDL-C to prevent atherosclerotic CVD.
However, to date, no large-scale randomized controlled tri-
als have shown that statin drugs directly improve the histol-
ogy of MASLD.

Omega-3 polyunsaturated fatty acids (eicosapentaenoic
acid) showed a decrease in intrahepatic fat mass in MRI
compared to placebo in clinical trials conducted on patients
with NASH. However, they did not show improvement in
NASH or liver fibrosis in liver biopsy.**'** Metformin did not
show improvement in steatohepatitis or liver fibrosis in pa-
tients with NASH when administered alone in a randomized
controlled clinical trial.”™ However, in a retrospective obser-
vational study, the use of metformin in patients with NAFLD
with T2DM and advanced fibrosis or cirrhosis prolonged
the period until liver transplantation. It decreased the risk of
HCC and extrahepatic carcinoma.'™ In addition, there have
been reports that hepatotonics such as ursodeoxycholic
acid, silymarin, S-adenosyl-L methionine, and dimethyl-
4,4'-dimethoxy-5,6,5',6'-dimethylenedioxybiphenyl-2,2'-
dicarboxylate can improve fatigue, hepatic fat, liver enzyme
levels, and metabolic indices.®®"* Therefore, these hepa-
totonics may be considered on case-by-case basis as an
adjunct. However, further research is needed on the histo-
logical improvement effect in patients with MASH.

Previous studies were conduct-

Current status of new drugs for MASH that are
being newly introduced

Recently, no clinical study has been conducted directly
on this disease since the term MASLD was newly intro-
duced. All previous studies were related to NASH in pa-
tients with NAFLD. However, despite the term NAFLD be-
ing changed to MASLD, it is known that the group of
patients with NAFLD and that with MASLD are mostly the
same.* Therefore, it is judged that there will be no signifi-
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cant issue in using NASH-related treatment drugs as
MASH treatments.

Selective THR-B agonist

Recently, on March 14, 2024, the US Food and Drug Ad-
ministration (US FDA) approved resmetirom for the first
time as a drug treatment for NASH."*® This drug was devel-
oped to target a selective THR-[ agonist. It selectively acts
on intrahepatic THR- to induce conversion of T4 to T3 in
the liver, improves damaged mitochondrial function, lowers
intrahepatic lipid accumulation, and induces improvement
of intrahepatic inflammation and liver fibrosis. (Fig. 5) A
phase lll clinical trial was conducted on patients with NASH
with F2/F3 liver fibrosis without cirrhosis.”®®"®’

The relative liver-specific expression of selective THR-f
agonists lowers blood cholesterol and triglyceride levels,
increases intrahepatic bile acid synthesis, and plays an im-
portant role in intrahepatic fatty acid oxidation.”®*™ In a
multicenter, randomized, double-blind, placebo-controlled
study (MAESTRO-NASH) involving 1,759 patients with
NASH with histologically diagnosed F2/F3 liver fibrosis,
resmetirom, a selective THR-[3 agonist, showed significant

improvement in steatohepatitis in 25.9% of the 80-mg
group and 29.9% of the 100-mg group without worsening
of liver fibrosis compared to placebo (9.7%) (P<0.001)."’
Improvement in liver fibrosis of one or more stages was ob-
served in 24% of the 80-mg group and 26% of the 100-mg
group, which was statistically significant compared to 14%
of the placebo group (P<0.001). Compared with baseline,
at 24 weeks after treatment, the reduction in LDL-C levels
was 13.6% in the 80-mg group and 16.3% in the 100-mg
group, compared with 0.1% in the placebo group
(P<0.001).""” The most common adverse effects were diar-
rhea and nausea, which occurred more frequently in the
resmetirom group than in the placebo group. However, the
incidence of serious adverse events was similar across the
study groups (10.9% in the 80-mg group, 12.7% in the 100-
mg group, and 11.5% in the placebo group). It. is important
to take the patient’s medical history and to monitor any of
these adverse effects each time they visit the hospital. In
conclusion, resmetirom demonstrated histologic improve-
ment in steatohepatitis and fibrosis in adult patients with
NASH without cirrhosis and F2/F3 fibrosis in a large phase
Il study, with its safety profile being similar to that of the
placebo group. Therefore, resmetirom can be administered

Resmetirom
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Figure 5. Intrahepatic mechanism of action of selective thyroid hormone receptor-$ agonists. THR, thyroid hormone receptor; T4, thyrox-

ine; T3, tri-iodothyronine; DNL, de novo lipogenesis; LDL, low-density |

ipoprotein; Apo B, apolipoprotein B; Lp(a), low lipoprotein(a); CoA,

coenzyme A; RXR, retinoid X receptor; THR, thyroid hormone receptor; TRE, tetracyclin-responsive element; CPT1a, carnitine palmitoyl-

transferase 1; mcad, medium-chain acyl-coenzyme A dehydrogenase;

Pdk4, pyruvate dehydrogenase kinase 4; UCP2, uncoupling pro-

tein 2; LDL-R; low-density lipoprotein receptor; FAS, fatty acid synthase; ACC-1, acetyl coenzyme A carboxylase; CYP7A1, cholesterol 7

alpha-hydroxylase; HMG-CoA, 3-hydroxyl-3-methyl-glutaryl-coenzyme
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in these conditions.

However, there is a lack of data on the efficacy and safe-
ty of long-term resmetirom use. The approved drug (res-
metirom) may not be readily available to the general public
due to its currently estimated high cost, especially in Asia.
The number of patients who responded was only 20-30%
of the entire treatment group. In addition, most of the en-
rolled patients belonged to the Western population, and
considering the different characteristics between Western
and Asian population, further validation of existing research
results in a larger Asian population would be more helpful
for the generalizability of drug (resmetirom) use. In addi-
tion, there remain issues such as whether to discontinue
the drug and when to discontinue it. Therefore, although
with FDA’s accelerated approval, resmetirom can be used,
attention should be paid to the long-term follow-up results
on its use up to 54 months, which will be reported in the fu-
ture.

Other drugs undergoing phase lll clinical trials

Phase lll clinical trials are in progress on drugs targeting
various mechanisms, such as glucagon-like peptide-1
(GLP-1) receptor agonist (semaglutide), pan-PPAR agonist
(lanifibranor), fibroblast growth factor 21 (FGF21) agonist
(pegozafermin and efruxifermin), glucagon/GLP-1 receptor
agonist (survodutide), and fatty acid synthase (FASN) in-
hibitor (denifanstat) (Table 3). The phase Il clinical trial of
SGLT2 inhibitor (dapagliflozin) ended in March 2024, and
the results are expected to be announced soon. In the
case of dapagliflozin, the results of the phase lll clinical trial
for NASH have not been announced yet; therefore, it is dif-
ficult to use it immediately to improve steatohepatitis and
liver fibrosis. However, it can be used for the treatment of
each accompanying disease in patients with dyslipidemia
accompanied by T2DM, heart failure, and chronic renal
failure. The phase lll clinical study of semaglutide for meta-
bolic dyslipidemia completed patient enrollment in August
2024. However, the clinical results have not yet been an-
nounced; therefore, it is difficult to use it currently to im-
prove steatohepatitis and liver fibrosis. However, if the final
results of the phase Il clinical study confirm positive thera-
peutic effect on steatohepatitis, it can be used to improve
obesity and T2DM as well as steatohepatitis and liver fibro-
sis in patients with metabolic dyslipidemia. Studies of lanifi-
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branor, pegozafermin, efruxifermin, survodutide, and deni-
fanstat are currently enrolling patients, and the results of
these studies are expected. Another clinical study is related
to the drug aramchol, a stearoyl-CoA desaturase 1 (SCD 1)
inhibitor. The open-label Part | study achieved its study ob-
jectives, but the double-blind Part Il study has now been
suspended.”®®" In addition, obeticholic acid, a farnesoid X
receptor (FXR) agonist, was studied in patients with NASH
with F1-3 fibrosis. However, the FDA rejected its approval
owing to safety issues related to hepatotoxicity and skin
itching.®**® The drugs in phase Il clinical trials are sum-
marized in Table 3.

[Recommendation]

* Resmetirom can be used as a therapeutic agent in
patients with MASH with F2/F3 liver fibrosis as histo-
logical improvement of steatohepatitis and liver fibro-
sis has been proven. (A1)

* Vitamin E can be expected to improve steatohepati-
tis in patients with MASH without T2DM, and piogli-
tazone can be expected to improve steatohepatitis in
patients with MASH regardless of T2DM. However,
their effects on improving liver fibrosis are not clear.
(B2)

e Statins can be used to prevent CVD in patients with
MASH accompanied by dyslipidemia. GLP-1 recep-
tor agonists can be used to treat obesity and T2DM
in patients with MASH. SGLT2 inhibitors can be used
to improve concomitant diseases in patients with
MASH accompanied by T2DM, heart failure, and
chronic renal failure. (B1)

PEDIATRIC PATIENTS

Nomenclature of SLD in children and
adolescents

The term ‘NAFLD’ has been in use for decades in pediat-
rics. However, the term ‘nonalcoholic’ has been controver-
sial in pediatrics because it might be misleading about fatty
liver in children and adolescents. Inborn errors of metabo-
lism cause fatty liver in children. It did not exactly differenti-
ate fatty liver from alcohol use disorder in adolescents. Pa-

https://doi.org/10.3350/cmh.2025.0045 S19



pplement February 2025

Clinical and Molecular Hepatology

Volume_31 Su

‘[el [eQ1UID [eUOITRU ‘| DN ‘AJenuep ‘Uep Lequiads( ‘08( 4eqUIBAON ‘AON 48goloQ ‘100 :Uolesiulwpe Bnip pue poo}
‘vVa4 ‘eseyiuAs pioe Ale) ‘NS g J010e) ymolb 1sejqoiql ‘Lg494 ‘| aseiniesep yo)-|Aoseals (| -q0S ‘Joidadal pajeAoe-iojelajjoid awosixoied ‘HYydd ‘g Jerodsueliod asoon|b
-wnIpos ‘z119S ‘L-epndad ayi-uobeon|b ‘|-479 oidedas suowloy pIoAyl ‘YHL ‘Shiiedeyolesls d1joyoojeuou ‘HSYN ‘siiedeyolesls pajeloosSe-UoiounisAp oljogeisw ‘HSYIN

120z ‘aunr (g) G20z ‘I uer () HSYIN/ISYIN (2) (£8226990.LON) LINIOSVH (2)
Buninioai 1eh JoN 0€0z “08q (1) 20z ‘1 9o (1) (e-24) s1soiqy HSYIN (1) (€25¥6590LON)E-ILVYNIOSYA (1) I0NQIyUINSYH  ieisuejiueg
Buninioal ‘buiobuo €02 22 98Q ¥202 ‘vI 100 (€ 10 g4) sisoiqy ‘HSVIN (P¥¥2€990.LON) IOVHIAIT VH I-d1D/uobeonH  epianpoAIng
(#4) sisoiqi4 HSYIN (€) (#1£82590.LON) sewoanQ (g)
6202 100 (€) ¥20z ‘01 aunr (g) (e-24) s1soiqy HSYIN (2) (9125129010N) ABojoisiH (2) urejoid uoisny
£20¢ ‘yorel (g) €20z ‘1 %8Q (2) HSVIN 10 @14V ‘(1L2S19+90LDN) PHOM-[B®Y (1) 12494-04 1D6]
Bumnioal ‘BuiobuQ 9202 ‘PO (1) €202 ‘0L AON (1)  pasouBelp Ajpaiseauiuou (1) ANOYHONAS Uewny SLSWIPOWOH  UlWId)IXniyg
(6918LE90LON)
Bumnioal ‘BulobuQ 6202 Areniged %202 ‘€1 yosen (€ 40 24) sisoiqy ‘HSYN SI1S01q14-NILHDITNI Isiuobe |g494 ulwisyezobed
papuadsns
‘Med puyig 8|qnog /z0z8unr 610z ‘e Jequieides (€ 10 24) sisoiqy ‘HSYN (12e¥0170LON) HOWHY lonqiyur 1@os [oyowely
Buninioal ‘bulobuo 920z ‘0¢ Jequieldes 1202 ‘6} 1snbny (€ 10 24) siso1qy ‘HSYN (8226¥870LON) EAILYN  1sluobe Hydd-ued  Joueiqyiuen
peiejdwo) ¥202 ‘82 Yot 6102 ‘02 Yol HSVYN (eG2ez/€010N) Nv3aa Jonqiyui 2119 uizojybedeq
(18122870LON)
Buninioai jou ‘eAnoe 6202 ‘Gz |1dy 1202 ‘I Mdy (€ 10 24) sisoiql ‘HSVYN 3JON3SS3 vd I-d19  epunibewes
Buninioal jou
‘OB (202 ‘vI YoIe) (627006£0LON) 1siuobe
[eAoidde ya+ 820z Asenuer 6102 ‘82 yorep (¢ 10 24) sisoiqy ‘HSYN HSVYN-OHL1S3vIN g-HHL eAnosleS  wolnewsey
ajep uonajdwos ajes
snjejs jualing s193[qng Jaquinu | ON wisiueyosy bniqg

Apnys pajewnsy  Mels Apnis jenjoy

(#20z ‘81 Jequisda( Jo se) s|ew [eolul|d ||| eseyd ul HSYIN Buiesly Joy sbniq “¢ 8qel

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2025.0045

S20



tients with NAFLD tend to be unmotivated to modify their
lifestyles actively because the term ‘fatty’ was felt to be
stigmatizing to the Western population.'®*
gested that the term ‘NAFLD’ does not reflect metabolic
dysfunction, which is the disease characteristic. In this
context, ‘MAFLD’ was suggested considering metabolic
dysfunction in FLD in adults™ and children'® in 2020. How-
ever, MAFLD also includes the term ‘fatty’, and it does not
differentiate other causes of the development of hepatic
steatosis from metabolic dysfunction.

A multisociety Delphi consensus statement on new FLD
nomenclature was released in 2023. The term ‘SLD’ was
adopted as a comprehensive concept on intrahepatic fat
accumulation.”® Instead of NAFLD, MASLD was suggested
as a new concept of fatty liver, considering metabolic dys-
functions such as obesity, insulin resistance, and T2DM.
The diagnostic criteria of MASLD are intrahepatic fat accu-

Some have sug-
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mulation in the presence of at least one of the cardiometa-
bolic risk factors in adults.'®® The same cardiometabolic risk
factors are applied to children and adolescents for defining
the diagnostic criteria of MASLD."®

Diagnosis of MASLD in pediatrics

NAFLD is exclusive of other causes for intrahepatic fat
accumulation.'®”'®® The diagnostic criteria of MASLD was
the presence of hepatic steatosis with at least one of the
cardiometabolic risk factors in pediatrics (Table 4)."® Hepat-
ic steatosis in MASLD is defined based on an imaging
study or liver biopsy.

Perspective on MASLD in pediatrics

A multi-society of pediatric gastroenterology in Europe,
North America, Latin America, and Asia endorsed ‘MASLD’
as a new nomenclature in January 2024.'® The diagnosis

Table 4. Diagnostic criteria of cardiometabolic factors in MASLD in children and adolescents

Pediatric criteria - at least 1 out of 5

BMI >85th percentile for age/sex [BMI z-score > +1] or WC > 95th percentile or ethnicity adjusted equivalent

Fasting serum glucose =100 mg/dL (5.6 mmol/L) or serum glucose =200 mg/dL (11.1 mmol/L) or 2-hour postprandial glucose levels
>140 mg/dL (7.8 mmol/L) or HbA1c =5.7% (39 mmol/L) or already diagnosed/treated type 2 diabetes or treatment for type 2 diabetes

Blood pressure: age <13 years, BP >95th percentile or 2130/80 mmHg (whichever is lower); age =13 years, 130/85 mmHg or specific

antihypertensive drug treatment
Plasma triglycerides: age <10 years, 2100 mg/dL (1.15 mmol/L);

age >10 years, >150 mg/dL (1.70 mmol/L) or lipid lowering treatment

Plasma HDL-cholesterol <40 mg/dL (1.0 mmol/L) or lipid lowering treatment

MASLD, metabolic dysfunction-associated steatotic liver disease; BMI, body mass index; WC, waist circumference; BP, blood pressure;

HDL, high-density lipoprotein.

Pediatric steatotic liver disease

Meets cardiometabolic criteria

1
Yes

1
No

1
1
1
1
1
i
v v 1
Other etiology identified Other etiology identified ]
1 | 1 | 1
No Yes No -
v v 4 ¥
Metabolic Alcohol-related
dysfunction- Other singl liver disease
associated MASLD overlap ersingie Cryptogenic
S etiology
steatotic disease
(MASLD)
Figure 6. Steatotic liver disease and subgroup in pediatrics.
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of SLD in pediatrics is based on the pathophysiological
mechanism of hepatic steatosis in children and adoles-
cents (Fig. 6). However, there is a possibility that the diag-
nosis of MASLD overlap is underestimated because of Wil-
son’s disease, autoimmune hepatitis, and inborn errors of
metabolism on hepatic steatosis.”® MASLD is closely as-
sociated with insulin resistance, T2DM, and dyslipid-
ernia.171,172

The prevalence of MASLD overlap in pediatrics will in-
crease as the prevalence of overweight or obesity increas-
es.” In pediatrics, ‘metabolic liver disease’ is an inborn er-
ror of metabolism such as urea cycle disorder, organic
acidemia, aminoaciduria, lysosome disorder, and fatty acid
oxidation disorder. However, the term ‘metabolic’ in MASLD
means metabolic syndrome related to insulin resistance
rather than an inborn error of metabolism. Therefore, if
SLD is atypical (with no cardiometabolic risk factor) in pedi-
atrics, an inborn error of metabolism or inherited single
gene defects causing metabolic disease are suspected.'®®

Epidemiology of MASLD in pediatrics

A meta-analysis of 62 studies showed that the preva-
lence of NAFLD in pediatrics and adolescents was 13%
and 46% in the general population and obese individuals,
respectively.”™ A Korean study using data from KNHANES
indicated that the prevalence of NAFLD in Korean pediatric
patients and adolescents increased from 8.2% in 2009 to
12.1% in 2018."°

There is a lack of epidemiologic studies on MASLD in
pediatric patients and adolescents. A normal range of se-
rum ALT is observed in 20% of biopsy-proven NAFLD in
pediatrics.”® This suggests that the prevalence of MASLD
in pediatric patients may be underestimated in the general
population compared to the diagnosis of NAFLD consider-
ing serum ALT levels.””

Among 1410 adolescents (12-19 years) in the NHANES,
the prevalence of SLD, defined as =240 dB/m in TE, was
30.5%. Approximately 85% of adolescents with NAFLD
met the criteria for MASLD in the study.”” Compared to
NAFLD, MASLD had an advantage in screening high-risk
cardiometabolic disease. There were high levels of HOMA-
IR uric acid and triglyceride/HO|-cholesterol ratio in MASLD
compared to NAFLD."
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Consideration in the diagnosis of MASLD in
pediatrics

If MASLD is suspected in pediatrics, various etiologies
for chronic liver disease should be considered. Autoim-
mune disease, Wilson’s disease, viral hepatitis, alcohol use
disorder, and drug-induced liver injury would be checked
regardless of the presence of cardiometabolic risk fac-
tors."®® These considerations depend on clinical situations.
Early investigation for the diseases mentioned above
should be considered if SLD in pediatrics possesses the
‘red flags, which are young age (<8 years), BMI z-score <1,
neurodevelopmental delay, significant splenomegaly, syn-
thetic dysfunction, or a history suggestive of an alternative
diagnosis.”® Additionally, other causes for SLD can be in-
vestigated if hepatic steatosis does not improve after
weight reduction is performed in children and adolescents
with obesity."®® Alcohol-related liver disease is uncommon
as a primary etiology of SLD in pediatrics. Further studies
are needed to clarify several issues on MASLD in pediatric
patients and adolescents as follows: (1) the concordance
rate between NAFLD and MASLD in the same cohort of
pediatric patients and adolescents; (2) large-scale studies
for epidemiology and natural course of pediatric MASLD;
and (3) impact of other causes for SLD on MASLD overlap
in pediatrics.'®®

[Summary]

* MASLD in pediatrics is defined as the presence of
hepatic steatosis on imaging studies or liver biopsy
and the presence of at least one cardiometabolic risk
factor.

* Various etiologies except cardiometabolic factors for
hepatic steatosis is considered in the diagnosis of
MASLD in pediatrics.
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