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The existing term non-alcoholic fatty liver disease (NAFLD) has raised substantial concerns due to its inherent
disadvantages of using exclusionary diagnostic criteria and the stigmatizing word ‘fatty.” Three pan-national liver
associations set out to explore a new nomenclature to replace both NAFLD and its suggested alternative, metabolic
(dysfunction)-associated fatty liver disease (MAFLD). They surveyed if a change in nomenclature and/or definition
is favored and which nomenclature best communicates disease characteristics and increases awareness. In lieu of
NAFLD/MAFLD, metabolic dysfunction-associated steatotic liver disease (MASLD) has been chosen, and an umbrella
term, steatotic liver disease (SLD), encompassing the whole spectrum of liver disease, has been proposed. It has been
suggested that cardiometabolic risk factors should be considered when categorizing SLD patients. Furthermore, a
new subcategory, MASLD with increased alcohol intake (MetALD), casts light on a neglected group of patients with
moderate or more alcohol consumption. The importance of metabolic dysfunction was acknowledged in this new
nomenclature, but the precise contribution of metabolic dysfunction and alcohol consumption to the development and
progression of SLD remains unclear. Herein, we review hepatologists’ and endocrinologists’ perspectives on the new
nomenclature, along with its possible impact on clinical practice. Although it is premature to predict the settlement of
the new nomenclature, this review may help build more evidence for a soft landing of it in the future. (Clin Mol Hepatol
2023;29:831-843)

Keywords: Metabolic-associated fatty liver disease; Metabolic dysfunction-associated steatotic liver disease;
Nomenclature; Non-alcoholic fatty liver disease; Steatotic liver disease

Corresponding author : Won Kim

Department of Internal Medicine, SMG-SNU Boramae Medical Center, Seoul National University College of Medicine, 20 Boramae-ro 5-gil, Dongjak-gu,
Seoul 07061, Korea

Tel: +82-2-870-2233, Fax: +82-2-831-2826, E-mail: drwonl@snu.ac.kr

https://orcid.org/0000-0002-2926-1007

*GA Kim and JH Moon contributed equally to this study and are co-first authors.

Editor: Donghee Kim, Stanford University School of Medicine, USA Received : Jul. 28,2023 / Revised : Aug. 12,2023 / Accepted : Aug. 23,2023

Copyright © 2023 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_29 Number_4 October 2023

INTRODUCTION

The term non-alcoholic fatty liver disease (NAFLD) was first
introduced in 1986' and was defined as hepatic steatosis af-
fecting at least 5% of hepatocytes in those who consume lit-
tle or no alcohol without any secondary causes such as viral
hepatitis, relevant medications, and lipodystrophy.”* There-
after, it has served as the anchor point for established clinical
practice (i.e., diagnosis and treatment) as well as exploratory
research seeking a better understanding of the disease and
the development of biomarkers and drugs.”* However, its in-
herent drawbacks of being exclusionary with the use of ‘non-
alcoholic’ and stigmatizing with the use of ‘fatty’ prompted a
search for an alternative nomenclature.*

In recent years, researchers proposed metabolic dysfunc-
tion-associated fatty liver disease (MAFLD) as an alternative
nomenclature for NAFLD.”® MAFLD eliminates exclusionary
diagnostic criteria and incorporates metabolic risk factors,
making it possible to include patients with concomitant liver
disease. Nonetheless, it is critiqued for solely relying on met-
abolic risk factors and not considering alcohol consump-
tion.”'* Moreover, the oversight of non-alcoholic steatohepa-
titis (NASH), the progressive form of NAFLD, challenged its
widespread application in practice.”"

Consequently, a new nomenclature that overcomes the ex-
clusionary and stigmatizing nature of NAFLD and the limita-
tions of MAFLD neglecting both alcohol consumption and
NASH was required. Three large pan-national liver associa-
tions, including the American Association for the Study of
Liver Disease (AASLD), the European Association for the
Study of the Liver (EASL), and the Latin American Association
for the Study of the Liver, embarked on a modified Delphi
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process to find a new nomenclature and its definition.
nally, metabolic dysfunction-associated steatotic liver disease
(MASLD) was chosen to replace NAFLD and MAFLD, and stea-
totic liver disease (SLD) was suggested as an umbrella term.
In this new nomenclature, patients with SLD are classified
into two separate subcategories depending on the presence

and abscence of a cardiometabolic risk factor (CMRF), and

the subcategory with CMRF is further classified into MASLD
and MetALD based on the etiology and alcohol consump-
tion.

Hence, this review aimed to examine the suggested no-
menclature and its potential impact on screening, diagnosis,
treatment, and future drug development. The critical per-
spectives of the hepatologists and the endocrinologists will
be addressed, casting light on the merits and demerits that
might arise from this change. Since the new nomenclature
has just been proposed, there is a mixture of hope and anxi-
ety, and now may not be the right time to predict its settle-
ment. In that context, this review will contribute to building
more evidence for the adoption of the new nomenclature in
the future.

THE NEW NOMENCLATURE

MASLD vs. NAFLD/MAFLD: Difference in the
diagnostic criteria

MASLD is defined as hepatic steatosis and one or more of
the five CMRFs: i) body mass index (BMI) >25 kg/m” (=23 kg/
m’ for Asians) or waist circumference >94 cm for males and
>80 cm for females or ethnicity adjusted; ii) fasting serum
glucose >=5.6 mmol/L (100 mg/dL) or 2-hour post-load glu-
cose levels >7.8 mmol/L (=140 mg/dL) or glycated haemoglo-
bin >5.7% (39 mmol/L) or type 2 diabetes or treatment for
type 2 diabetes; iii) blood pressure >130/85 mmHg or specific
antihypertensive drug treatment; iv) plasma triglycerides
>1.70 mmol/L (150 mg/dL) or lipid-lowering treatment; and v)
plasma high-density lipoprotein (HDL) cholesterol
<1.0 mmol/L (40 mg/dL) for males and <1.3 mmol/L (50 mg/
dL) for females or lipid-lowering treatment. Patients with SLD
and at least one of the CMRFs are categorized as MASLD
when they have no other causes of steatosis (Fig. 1).*"

NAFLD, on the other hand, is diagnosed when there is he-
patic steatosis of >5% evident on imaging or histology with-
out concurrent liver diseases such as significant alcohol con-

Abbreviations:

ALD, alcohol-associated liver disease; BMI, body mass index; CVD, cardiovascular disease; CMRF, cardiometabolic risk factor; ER, endoplasmic reticulum; GLP-1, glucagon-
like peptide-1; HCC, hepatocellular carcinoma; MAFLD, metabolic (dysfunction)-associated fatty liver disease; MASLD, metabolic dysfunction-associated steatotic liver
disease; MASH, metabolic-associated steatohepatitis; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; SLD, steatotic liver disease, SGLT2,

sodium glucose cotransporter 2
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sumption, use of medications that can cause steatosis, or
monogenic hereditary disorders.”> MAFLD shares the same
standard with hepatic steatosis in terms of definition but al-
lows for more liberty in its detection. It can be detected by
either imaging techniques, serologic biomarkers, or liver his-
tology. Being overweight/obese, having type 2 diabetes mel-
litus, or having at least two of the metabolic risk abnormali-
ties is a requirement for MAFLD diagnosis.” The most
significant difference between NAFLD and MAFLD is the rec-
ognition of metabolic risk factors for the disease onset and
progression. MAFLD adopts a positive criterion rather than a
negative one but fails to incorporate alcohol consumption
into its diagnostic criteria.

While searching for a new nomenclature, a general consen-
sus was reached that the term ‘metabolic’ should be included
and ‘non-alcoholic’ label should be removed.”" MAFLD first
captures patients who are overweight/obese and have type
2 diabetes mellitus and then applies other metabolic risk fac-
tors to those with normal weight and normoglycemia. In
contrast, the new nomenclature SLD applies the five CMRFs

Gi-Ae Kim, et al.
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to all patients for classifying its subcategories, including
MASLD, MetALD, cryptogenic SLD, and other specific etiology
SLD. NAFLD and MASLD differ because SLD adopts a positive
criterion and incorporates metabolic risk factors while striv-
ing to retain the existing understanding of NAFLD. Further-
more, the new nomenclature pays more sophisticated atten-
tion to alcohol consumption, creating the new subcategory,
MetALD (Table 1).

The umbrella term SLD

SLD was suggested as an overarching term encompassing
a broad spectrum of causes contributing to hepatic steato-
sis.”” It is defined as hepatic steatosis identified by imaging
or biopsy regardless of etiology. The SLD patients with one or
more of the five CMRFs are further categorized into MASLD
or MetALD/other combination etiology (Fig. 1). Those with-
out any CMRFs are further categorized into cryptogenic SLD
or SLD with other specific etiology. Other specific etiology in-
cludes alcohol-associated liver disease (ALD), drug-induced

Steatotic Liver Disease (SLD)
(Hepatic steatosis identified by imaging or biopsy)

Does the patient have at least one of the following CMRFs?
« BMI=25 kg/m’ (=23 kg/m’ for Asians) or waist circumference >94 cm for
males and >80 cm for females or ethnicity adjusted
« Fasting serum glucose >5.6 mmol/L (100 mg/dL) or 2-hour post-load

glucose levels >7.8 mmol/L (=140 mg/dL) or HbA1c =5.7% (39 mmol/L) or
type 2 diabetes or treatment for type 2 diabetes
- Blood pressure >130/85 mmHg or specific antihypertensive drug treatment
- Plasma triglycerides =1.70 mmol/L (150 mg/dL) or lipid lowering treatment
« Plasma HDL-cholesterol <1.0 mmol/L (40 mg/dL) for males and <1.3 mmol/
L (50 mg/dL) for females or lipid lowering treatment

'
Yesl

lNo

Any causes of steatosis?

Any causes of steatosis?

|
Nol lYes

|

combination etiology

No l l Yes
Other specific
MASLD MetALD or other Cryptogenic SLD cileloely S

(e.g., ALD, DILI,
Monogenic disease)

Figure 1. MASLD diagnostic criteria. This figure was adapted from ‘A multi-society Delphi consensus statement on new fatty liver disease no-
menclature’ and was modified in the interest of this review.” ALD, alcohol-associated liver disease; CMRF, cardiometabolic risk factor; DILI,
drug-induced liver injury; MASLD, metabolic dysfunction-associated steatotic liver disease; SLD, steatotic liver disease.
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liver injury, and monogenic disease.

The adoption of an umbrella term allows for a more intui-
tive and precise classification of patients. Patients not recog-
nized in the previous nomenclature can be recognized and
categorized with this new term SLD. The once-neglected dis-
ease awareness can be enhanced, and treatment strategies
for those patients can be pursued with more precision. With
the existing disease staging and severity not being altered by
the new nomenclature, a more coherent and straightforward
explanation of the disease can be expected. The leverage of
SLD also allows physicians and healthcare providers to better
communicate with patients about their conditions and possi-
ble therapeutic actions.

CMREFs

Although concerns over the precise meaning of ‘metabolic’
and the varying understanding of the term had been raised,
a near-universal agreement was made that considering ‘met-
abolic disease or dysfunction’ would promote a better un-
derstanding of the disease and increase disease awareness
since NAFLD has a strong epidemiological and pathogenic
link with metabolic diseases such as obesity, diabetes, and
insulin resistance. The five CMRFs were selected to align with
already well-established and validated risk factors and share
their criteria significantly with those of metabolic syndrome.
While metabolic syndrome merely considers waist circumfer-
ence, the CMRF for obesity considers both BMI and waist cir-
cumference.”” As for type 2 diabetes, the CMRF suggests
more specific and detailed standards as its criteria. In the pe-
diatric context, although the five CMRF criteria remain the
same, the application varies depending on patients’ age.*”

The new category of MetALD

A new subcategory, MetALD was suggested for the previ-
ously neglected group of patients who consume greater
amounts of alcohol (20 to 50 g/day for females and 30 to
60 g/day for males) compared to MASLD.*" Studies have
highlighted the need for creating a distinct category of Met-
ALD from MASLD due to the added pathogenic value of alco-
hol consumption and the prognostic implications that fol-
low.” Although there is no explicit reference to the amount
of alcohol consumption to be considered significant,’® EASL
and Korean Association for the Study of the Liver guidelines

http://www.e-cmh.org
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require the exclusion of daily alcohol consumption of >30 g
for men and >20 g for women for the diagnosis of NAFLD.*”
The consensus process for this new nomenclature asked
questions regarding the alcohol consumption limit for this
subcategory,”” and it was generally agreed that 30-60 g of
daily alcohol consumption among NAFLD patients could af-
fect the natural history of the disease and may alter the re-
sponse to therapeutic interventions.”"” Two acronyms, Met-
ALD and MAASLD, were suggested for this group of patients.
MetALD was chosen in the interest of avoiding possible con-
fusion and perception associated with the acronym AAS-
LD.12,'I3

With the introduction of this separate subcategory of Met-
ALD from MASLD, there is an opportunity to generate new
knowledge about patients who have both metabolic and al-
cohol-related risk factors. A recent study that analyzed the
UK Biobank data using this new nomenclature found that
MetALD patients are more likely to be males and have higher
liver enzymes but lower levels of HDL cholesterol compared
to MASLD patients.”® MetALD as a separate category helps
define the natural history better and promotes the develop-
ment of novel biomarkers and new drugs targeting this se-
lected group of patients. MetALD should not be interpreted
as a binary category that separates MASLD and MetALD. In-
stead, it should be understood as a category with a continu-
um across MASLD and ALD.”"

HEPATOLOGIST PERSPECTIVE
Implications for enhanced disease awareness

NAFLD is a treatable and preventable disease only if it is di-
agnosed promptly. Once it progresses to cirrhosis, it is irre-
versible, and patients suffer inevitable complications related
to NAFLD.*" However, the terminology “NAFLD” misleads
patients to believe that there is little potential harm, and
finding the real cause of their suffering is challenging. Studies
have reported that more than 95% of subjects with suspect-
ed NAFLD were unaware of liver disease, and more than 75%
did not realize they were at risk of developing NAFLD.”*
There is a growing concern among non-hepatologists that
NAFLD is an important liver disease as it often co-exists in
patients with diabetes and metabolic syndrome.”

Even at the risk of confusing practice and the public with

https://doi.org/10.3350/cmh.2023.0277 835
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suggestions from NAFLD to MAFLD and yet another change
from NAFLD/MAFLD to MASLD, an appropriate term that can
increase disease awareness and accelerate biomarker and
drug development is critical. A new nomenclature has been
announced after a thorough sharing of opinions among ex-
perts and relevant stakeholders, and the introduction of
MASLD and its simple criteria is expected to bring many posi-
tive changes that unify terminology and contribute to the
mitigation of disease progression.

Implications for clinical practice: diagnosis and
treatment

The suggested new nomenclature, such as SLD and MASLD,
is expected to affect clinical practice positively. Unlike
MAFLD, which does not consider NASH,” the new nomencla-
ture maintains NASH, but under a different term, metabolic-
associated steatohepatitis (MASH), limiting the confusion in
practice. The consensus process has diligently considered
preserving existing data and causing limited hindrances to
ongoing trials. An analysis of the LITMUS consortium Europe-
an demonstrated that there is a 98% overlap between pa-
tients with conventional NAFLD and those with the newly
suggested MASLD.”"** However, further research is needed
to adapt this new nomenclature to a specific group with lean
NAFLD or SLD without any metabolic risk factors. As for the
prevalence, a recent meta-analysis involving 17 studies re-
vealed that MAFLD has a higher prevalence compared to
NAFLD (33.0% vs. 29.1%), and future studies should compare
the prevalence of MASLD with that of NAFLD.**

With the suggested new nomenclature,”" the diagnostic
process is expected to become easier and more intuitive. The
shift from a negative to a positive diagnostic criterion means
that the excruciating exclusion process can be avoided and
diagnoses can be made based on hepatic steatosis and the
presence or absence of CMRF. This straightforward diagnosis
method can substantially reduce the burden on clinical prac-
tice. With the new category, MetALD, and the inclusion of
other etiologies, such as viral hepatitis, the range of patients
covered by the term SLD is expected to be expansive.

NAFLD is one of the most common liver diseases, affecting
millions of patients worldwide. With the overwhelming prev-
alence reaching almost 30%, identifying at-risk individuals is
pivotal.” The risk of disease progression to cirrhosis and he-
patocellular carcinoma (HCC) along with cardiovascular dis-

836 https://doi.org/10.3350/cmh.2023.0277

ease (CVD) and extrahepatic cancer is particularly high
among those with NASH.” Identifying at-risk individuals is
critical to efficiently treat such a prevalent condition with a
heterogeneous nature. Recent studies have demonstrated
that MAFLD includes more at-risk individuals than NAFLD,
showing it has more metabolic comorbidities, elevated liver
enzymes, and higher non-invasive liver fibrosis scores.” Un-
der the new definition of MASLD, more at-risk patients are
expected to be recognized. Additional efforts should be
made to identify patients at high risk for MASH or its progres-
sion using non-invasive tests or genetics since the current
practice of having an invasive biopsy for diagnosing NASH/
MASH is rather burdening.

Concerning treatment, the new nomenclature can benefit
more patients as individuals with hepatic steatosis and con-
current liver pathologies can now be recognized and receive
timely treatment. Although the current standard treatment
for NAFLD stays in lifestyle modifications and weight loss,”*
several phase 3 trials exploring new medical treatments for
NASH are in progress with promising preliminary results.”
Some treatments are expected to receive Food and Drug Ad-
ministration (FDA) authorization within a few years, allowing
healthcare systems to engage more patients.

Implications for clinical outcomes

Studies have reported that the mortality rate associated
with MAFLD is higher than that associated with NAFLD. Previ-
ous studies conducted in Korea and the United States
showed that MAFLD was associated with an increased risk of
all-cause mortality even after adjusting for metabolic risk
factors, whereas NAFLD was not.”*® As for cardiovascular
mortality, a nationwide study conducted in Korea showed
that CVD risk in the MAFLD group (hazard ratio [HR] 1.43) was
higher compared with the NAFLD group (HR 1.09), although
both FLD group (HR 1.56) showed the highest risk.”” However,
metabolically dysregulation features rather than MAFLD may
have contributed to this higher mortality.®

The change from NAFLD to MASLD may help identify a
greater number of individuals with metabolic risk factors,
and thus, the risk for CVD seems to be higher in MASLD than
in NAFLD. Studies comparing all-cause and CVD mortality by
SLD subcategory are warranted to validate the prognostic
role of each subtype of SLD in predicting CVD. Given that al-
cohol consumption worsens fibrosis severity in NAFLD,*

http://www.e-cmh.org



stratified analysis by the different amounts of alcohol con-
sumption for each MASLD, MetALD, and ALD will enable the
development of fine-tuned strategies depending on the be-
havior of an individual patient.

Cancers, including HCC, are the second leading cause of
mortality in NAFLD.”* A recent population-based cohort
study conducted in Sweden showed that biopsy-proven
NAFLD carries an increased cancer risk attributable primarily
to HCG, in contrast, the contribution of other extrahepatic
cancers was modest.”" This study highlights the need for per-
sonalized HCC surveillance schemes across all stages of
NAFLD. Future studies are needed regarding which SLD sub-
type most strongly associated with HCC development. The
phenotype of MASLD-HCC in patients at high risk of SLD pro-
gression should be further investigated. It also merits further
scrutiny of the MASLD-HCC phenotype that best responds to
immunotherapy. As HCC surveillance or screening in at-risk
populations of NAFLD is a critical issue, the same is expected
to extend to MASLD.

Implications for clinical trials and drug
development

Clinical trials for developing new drugs consider the pres-
ence or absence of NASH as an important eligible criterion.””
However, the new term MAFLD has introduced confusion
since MAFLD abandoned the term ‘steatohepatitis’ and took
a rather fluid approach. Concerns have been raised that
MAFLD could derail phase 2b and 3 trials designed following
the guidance for NASH drug development.' This appears
problematic because the endpoint of current drug develop-
ment is the resolution of NASH with no worsening of liver fi-
brosis. Instead of eliminating the term ‘steatohepatitis’ as a
distinguishing subtype, the new nomenclature proposes
MASH as the alternative term for NASH, reducing confusion
in clinical practice and trials.”"” The new nomenclature also
allowed for further characterization of fibrosis severity com-
bined with MASH (e.g., MASH with F3 fibrosis).

With the new categories of MASLD and MetALD, a broader
spectrum of patients under the influence of alcohol can be
considered in future clinical trials. The new nomenclature
does not conflict with ongoing clinical trials or studies, and
some drugs in late-phase development, such as semaglutide
and resmetirom,” can continue their process with the new
nomenclature. The FDA approval decision is not expected to

http://www.e-cmh.org
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be affected by the new nomenclature.

Challenging issues

The newly suggested nomenclature presents several chal-
lenges. First, MetALD proposed as a continuum rather than a
clear-cut category may make the development of disease-
specific biomarkers or drugs specifically targeting this group
of patients difficult.”” Second, the dynamic changes in met-
abolic health status and alcohol consumption pattern or
amount over time per patient may alter the diagnosis de-
pending on the specific time point and should be considered
cautiously. Periodic evaluation and repeated monitoring,
which are inevitably necessary, may add burdens to clinical
practice.

Other challenges may include that using SLD as an umbrel-
la term may result in heterogeneous prognoses by widely
encompassing various subcategories of SLD. Lacking a cate-
gory for SLD patients with CMRFs with alcohol consumption
greater than moderate amounts within the four-group classi-
fication system can serve as another challenge. Although the
varying approaches make the subcategorization different,
the discordance between the five-group classification, in-
cluding separate ALD, and the four-group classification with
ALD incorporated in the “other specific etiology SLD” may
confuse the application of the new nomenclature.”” While
the five-group classification has hepatitis C virus in its specific
etiology SLD, both classifications failed to provide guidance
on where hepatitis B should be included.™” The lack of a def-
inition or a statement on MASLD-related cirrhosis continues
to puzzle some professionals. A statement about where pa-
tients with MASLD-related cirrhosis are included would help
address this issue.

Special attention should be paid to young MASLD patients
without CMRF and those with non-obese or lean patients. A
recent meta-analysis showed that the non-obese NAFLD
population accounts for approximately 40% of the entire
NAFLD population globally, and non-obese and lean NAFLD
groups still have substantial long-term liver- and non-liver-
related comorbidities.”” Previous studies using the novel di-
agnostic approach of combining detailed clinical phenotyp-
ing and genomic analysis distinguished two types of lean
NAFLD.**** The new nomenclature is void of guidance on
where lean NAFLD patients without CMRF fit in. Nonetheless,
it should be noted that the suggested nomenclature can pro-
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vide room for adding new subtypes depending on future re-
search findings. When categorizing patients with or without
CMRFs, there may be certain contexts that necessitate the
use of a separate name or title. The possible incorporation of
SLD and its subcategories into the International Classification
of Diseases 10th Revision codes should be explored by refer-
encing the guidance made by previous literature on the cod-
ing of NAFLD.” Future studies that can help guide on how to
code MASLD diagnosis based on the coding in electronic
health records should follow. The localization of the terms in
countries that do not use English as their mother tongue and
possible confusion or distortion of their meaning in transla-
tion should be considered carefully.

ENDOCRINOLOGIST PERSPECTIVE

The introduction of MAFLD in 2020 emphasized the role of
metabolic imbalance in the etiology of SLD. This paved the
way for endocrinologists to play an active role in SLD treat-
ment by seeking to enhance individual metabolic profiles,
which would, in turn, potentially improve SLD and its rele-
vant outcomes. While the pathophysiological link between
insulin resistance and SLD is well established, it remains un-
clear whether improving metabolic dysfunction or CMRFs
would help treat SLD or prevent its progression to steatohep-
atitis and fibrosis. From a therapeutic perspective, sodium-
glucose cotransporter 2 (SGLT2) inhibitors, commonly used
for type 2 diabetes, have improved the prognosis of chronic
kidney disease and heart failure in non-diabetic patients.
They may also be considered for the treatment of SLD, which
reduces intrahepatic fat content and improves liver stiffness,
thus expanding their clinical indications. Additionally, thyroid
hormone receptor 3 agonists and glucagon-like peptide-1
(GLP-T)-based therapies, such as GLP-1 receptor agonists,
GLP-1/glucose-dependent insulinotropic polypeptide (GIP),
GLP-1/glucagon dual agonists, and GLP-1/GIP/glucagon triple
agonists, known for their beneficial effects on metabolism,
may help reverse SLD. However, their anti-NASH efficacy
should be proven in further late-phase clinical trials. These
emerging metabolic backbone therapies highlight the thera-
peutic role of reduced metabolic burden in SLD.
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Pathogenesis of MASLD

The release of free fatty acids (FFAs) from adipose tissues
play a significant role in the pathogenesis and progression of
SLD.**¥ Adipose tissue serves as a major reservoir of triglyc-
erides, which are composed of FFAs. Under normal physio-
logical conditions, adipose tissue maintains a balance be-
tween the storage and release of FFAs depending on the
body’s energy demands. However, in pathological conditions
such as obesity and insulin resistance, this balance is disrupt-
ed. Adipose tissue becomes resistant to the suppressive ef-
fect of insulin on lipolysis, leading to an increased release of
FFAs into circulation, especially in portal circulation. Elevated
levels of circulating FFAs contribute to the development of
SLD.

Excessive uptake and accumulation of FFAs in the liver lead
to increased triglyceride synthesis and subsequent hepatic
steatosis. FFAs modulate the expression of pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-q), inter-
leukin-6 (IL-6), and interleukin-1 beta (IL-1B), which induce
liver inflammation and injury. Further accumulation of FFAs
promotes inflammation, oxidative stress, and mitochondrial
dysfunction in hepatocytes, thereby contributing to the pro-
gression of isolated steatosis to MASH and fibrosis.

Contribution of CMRFs to the development of
SLD

As mentioned above, the primary pathophysiology of
MASLD is insulin resistance along with increased release of
FFAs. Therefore, the criteria for metabolic dysfunction in pa-
tients with MASLD should reflect this pathophysiological
condition. As proposed in the new consensus statement for
SLD, the definition of metabolic dysfunction in SLD, which re-
lies on the criteria for metabolic syndromes, such as central
obesity, high blood pressure, high fasting glucose, high fast-
ing triglycerides, and low HDL cholesterol, may reveal inher-
ent limitations.*® Metabolic syndrome was initially estab-
lished to classify individuals at risk of diabetes and/or CVD
but not SLD. Thus, the new classification system may not fully
reflect the pathophysiological background of fat accumula-
tion in the liver. In particular, diastolic blood pressure and
HDL cholesterol are weakly associated with insulin resistance
and hepatic steatosis.”” Without adequate data regarding the
predictability of individual metabolic components contribut-
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ing to hepatic steatosis, it is challenging to establish whether
hepatic steatosis at an individual level is linked to corre-
sponding cardiometabolic risk factors. Further research is re-
quired to obtain more precise insights into the relationship
between the components of metabolic dysfunction in SLD
and the development of hepatic steatosis.

Cardiometabolic risk threshold required to
diagnose MASLD

The fundamental difference in the diagnostic criteria be-
tween MAFLD and MASLD lies in the minimum number of
cardiometabolic risk factors required to define metabolic
dysfunction. The diagnosis of MASLD requires at least one
cardiometabolic risk factor, while the diagnosis of MAFLD re-
quires two or more risk factors. Consequently, significantly
more individuals will be classified as having metabolic dys-
function under MASLD than under MAFLD. Metabolic syn-
drome is typically defined as the presence of three or more
cardiometabolic risk factors. Therefore, it is crucial to deter-
mine the cardiometabolic risk threshold (i.e., the minimum
number of cardiometabolic risk factors needed) to identify
metabolic dysfunction in SLD, as it plays a pivotal role in de-
termining the extent to which metabolic syndrome contrib-
utes to SLD.

Based on our findings, over 90% of Koreans with SLD had
at least one cardiometabolic risk factor (data not shown). This
may lead to potential over-classification of MASLD and Met-
ALD but under-classification of pure ALD, cryptogenic SLD,
and SLD with specific etiology. Among young overweight or
obese individuals, insulin resistance and hepatic steatosis
may often exist even without any cardiometabolic risk fac-
tors. These young individuals may be misclassified as having
cryptogenic SLD despite the presence of insulin resistance
because insulin resistance is excluded from the diagnostic
criteria of MASLD or MetALD. Classifying >90% of SLD cases
as either MASLD or MetALD may mislead patients and clinical
practitioners regarding their understanding of the disease.

Implications of metabolic dysfunction and
glucose-lowering agents in the treatment of
MASLD

When refining the new criteria for MASLD, the clinical im-
plications of this classification system should be carefully
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considered, particularly concerning therapeutic interventions
against SLD and its advanced stages. Since MASLD implies
metabolic dysfunction as the primary cause of SLD, we may
assume that improving metabolic dysfunction can also re-
verse MASLD.

In principle, SLD treatment is based on lifestyle modifica-
tions, including exercise or calorie restriction, to achieve
weight loss and accompanying metabolic improvement.*
However, most people find it challenging to sustain lifestyle
modifications in the real world. Thiazolidinediones and vita-
min E have shown efficacy in alleviating SLD." In patients
with NASH without diabetes, vitamin E as an antioxidant re-
portedly improved the histological hallmark of NASH, and
both vitamin E and pioglitazone significantly reduced liver
enzymes as well as intrahepatic fat content. However, both
agents failed to demonstrate antifibrotic efficacy and were
not free from safety issues. Other phase 3 agents, including
obeticholic acid (farnesoid X receptor agonist),” elafibranor
(peroxisome proliferator-activated receptor-a/ agonist),”
selonsertib (apoptosis signal-regulating kinase 1 inhibitor),**
and cenicriviroc (C-C motif chemokine receptor 2/5 inhibi-
tor),” have undergone testing and have shown improve-
ments in NASH. However, none has been approved by the
FDA and European Medicines Agency.

SGLT2 inhibitors and GLP-1 receptor agonists are glucose-
lowering agents that have the advantage of lowering body
weight, which is not easily achieved by lifestyle interventions
alone and has been demonstrated to reduce the risk of CVD,
the primary cause of mortality in individuals with SLD. As the
liver does not express SGLT2 or GLP-1 receptors, improve-
ment of SLD, if any, may be attributed to the indirect effects
of these agents, which include weight loss and anti-inflam-
matory action. A recent review discussed the beneficial ef-
fects and potential mechanisms of SGLT2 inhibitors and GLP-
1 receptor agonists in treating and preventing SLD.*

Studies on SGLT2 inhibitors have reported a reduction in
intrahepatic triglycerides and reductions in plasma glucose,
triglycerides, and body weight. A recent meta-analysis
showed that SGLT2 inhibitors slightly improved hepatic ste-
atosis and fibrosis by 12.8 dB/m of controlled attenuation pa-
rameter and 0.82 kPa of liver stiffness measurement.” In
terms of hepatic steatosis, the beneficial effects of SGLT2 in-
hibitors were more prominent in longer-duration users,
younger patients, those treated with dapagliflozin, and those
with worse fibrosis and steatosis.
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Among many GLP-1 receptor agonist trials, the LEAN trial
was the first randomized controlled trial that showed a high-
er resolution rate in patients with biopsy-proven noncirrhotic
NASH.* Semaglutide also showed a higher resolution rate of
NASH with no worsening of liver fibrosis*; however, both tri-
als failed to demonstrate an improvement in the fibrosis
stage. Results from two recent meta-analyses were in line
with these findings, demonstrating that GLP-1 receptor ago-
nists lead to significant improvements in hepatic fat content,
liver enzymes, and other metabolic profiles, including hyper-
glycemia, but not hepatic fibrosis.***'

These studies or lifestyle intervention trials may provide a
more practical definition of metabolic dysfunction in SLD.
Examining the inclusion criteria of studies that improved SLD
could help identify specific cardiometabolic traits that can
benefit from such interventions. To illustrate, studies of
SGLT2 inhibitors or GLP-1 receptor agonists are primarily
based on individuals with type 2 diabetes and/or obesity,
suggesting that these two metabolic components will likely
be included in diagnosing MASLD. The methods to amelio-
rate SLD in individuals with hypertension and low HDL cho-
lesterol are yet to be clarified and require further investiga-
tion.

Interaction between insulin resistance and
alcohol consumption in the development and
progression of SLD

The distinction between MASLD, MetALD, and ALD is not
always clear. The overlap subtype, MetALD, indicates the
complex interplay between metabolic factors and alcohol as
one of the factors contributing to SLD. However, the extent
of the contribution of each factor to SLD should be further
delineated. Among patients diagnosed with MetALD, there
may be some individuals for whom MASLD is considered the
primary influencing factor. In contrast, ALD may be the main
contributing factor for others.

Metabolic dysfunction and equal or more than moderate
consumption of alcohol have additive effects on the progres-
sion to advanced fibrosis or severe liver disease, including
hospitalization and death.’***** For example, those with
moderate alcohol consumption have a ~5-fold increased risk
of severe liver disease in each stratum of BMI (<25, 25-30,
and >30 kg/mz), wherein the risk of severe liver disease in-
creases with higher alcohol consumption in a dose-depen-
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dent manner.” However, the exact threshold for alcohol con-
sumption that may lead to liver damage remains unclear.

Although some studies have proposed protective effects of

%5 others have indicated no safe

30,52

mild alcohol consumption,
level of alcohol consumption,™ especially among individu-
als with MASLD. Furthermore, the extent of metabolic dys-
function and the amount of alcohol consumption may vary
over time among individuals.

The roles of metabolic dysfunction and alcohol consump-
tion in SLD development and progression are complex and
multifaceted. Their relative contributions and interactions re-
main unclear and are likely to be influenced by other genetic
and environmental determinants. Metabolic dysfunction or
insulin resistance leads to excessive accumulation of fat in
hepatocytes. Furthermore, alcohol increases the level of en-
dotoxins, leading to oxidative stress and endoplasmic reticu-
lum (ER) stress responses, contributing to both steatosis and
fibrosis.”® The independent overlapping mechanisms of met-
abolic dysfunction and alcohol consumption reciprocally in-
teract and cumulatively contribute to hepatic steatosis, ste-
atohepatitis, and fibrosis progression. An integrated
understanding of how these two elements influence the dis-
ease trajectory would offer insightful perspectives for more
accurate diagnosis and prognostic prediction of SLD sub-
types. Ultimately, this would help define and identify SLD
subtype-specific biomarkers essential for investigating thera-
peutic targets.

CONCLUSION

It is generally believed that the term NAFLD poorly com-
municates its potential harm to patients, making it difficult to
confront the real cause of their suffering. With an emphasis
on metabolic risk factors, MAFLD has been suggested as an
alternative to NAFLD; however, its omission of alcohol con-
sumption and NASH has been raised as a significant concern.
Even at the risk of confusing practice and the public, a new
term SLD and its four subcategories depending on the pres-
ence or absence of CMRF were suggested and MASLD was
chosen to replace NAFLD. This new nomenclature is affirma-
tive and non-stigmatizing, and is expected to bring about
many changes, increasing disease awareness and involving a
broader range of patients. The incorporation of NASH under
the new term MASH minimizes confusion in ongoing clinical
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trials, and the FDA approval decision for promising agents is
expected not to be disrupted.

In the context of SLD pathophysiology, insulin resistance
and alcohol consumption are significant risk factors contrib-
uting to SLD, each with distinct but occasionally overlapping
mechanisms of disease progression. An ongoing challenge in
hepatology is understanding the complex interplay between
metabolic dysfunction and alcohol use in the pathogenesis
of SLD. While metabolic interventions may help effectively
improve SLD, the potential for over-classification of MASLD
due to an overemphasis on metabolic dysfunction must be
carefully considered. Similarly, the contribution of less than
moderate alcohol consumption to SLD and disease progres-
sion necessitates further research. Both insulin resistance and
alcohol consumption require careful consideration in terms
of their contributions to SLD for the optimal management of
patients.

Nietzsche’s theoretical and practical nihilism, which de-
scribed both the bright and dark sides of modernization, sug-
gests that MASLD may have the same contradictory features
as modernization with two faces of Janus-one facing the
past and one facing the future. The new SLD nomenclature is
more advantageous and reasonable than the existing NAFLD
nomenclature. However, it still needs to be supplemented
and improved in several ways. Additionally, in the context of
the new nomenclature, it is crucial to emphasize the signifi-
cance of preserving and building upon existing NAFLD re-
search results while developing new biomarkers and drugs
to avoid unnecessary waste of research resources. In this con-
text, further research is strongly encouraged to develop new
biomarkers and drugs against MASLD and MetALD to ensure
patients benefit the most from disease name changes.
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