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Abstract

Introduction: Steatotic liver disease (SLD) is a new over-
arching term proposed to replace nonalcoholic fatty liver
disease and metabolic dysfunction-associated fatty liver
disease. Subclassification includes metabolic dysfunction-
associated SLD (MASLD), MASLD with increased alcohol
intake (MetALD), and cryptogenic SLD. This study aimed to
investigate whether SLD and its subclassification could
stratify hepatocellular carcinoma (HCC) risk. Methods: A
cohort of 85,119 adults without viral hepatitis or heavy al-
cohol intake was analyzed for the risk of HCC according to
SLD and its subclassification. The fibrosis-4 (FIB-4) index was
used to estimate the degree of liver fibrosis. Results: During
a median follow-up of 11.9 years, HCC was diagnosed in 123
individuals. The incidence rate of HCC per 1,000 person-
years was higher in individuals with SLD than in those
without SLD (0.197 vs. 0.071, p < 0.001), with an adjusted

hazard ratio of 2.02 (95% confidence interval: 1.40-2.92). The
HCC incidence rate per 1,000 person-years was 0, 0.180, and
0.648 for cryptogenic SLD, MASLD, and MetALD, respec-
tively. When participants with SLD was further stratified by
the FIB-4 index, the HCC incidence rate per 1,000 person-
years was 0.074 for SLD with FIB-4 < 1.3 and 0.673 for SLD
with FIB-4 > 1.3. Of note, HCC risk was substantially high
(HCC incidence rate: 1.847 per 1,000 person-years) for
MetALD with FIB-4 > 1.3. Conclusions: HCC risk was different
by SLD and its subclassification. The utilization of SLD and its
subclassification can aid in stratifying HCC risk and facilitate
the identification of individuals requiring interventions to

mitigate the risk of HCC. © 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Steatotic liver disease (SLD) and its subcategories are
newly proposed overarching terms to replace nonalco-
holic fatty liver disease (NAFLD) and metabolic
dysfunction-associated fatty liver disease (MAFLD) [1].
The nomenclature of NAFLD has been criticized due to
several issues. First, the term “fatty” is perceived by many
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patients as being stigmatizing, thus hindering disease
awareness. Second, the NAFLD nomenclature does not
fully consider cases where patients have both metabolic
and alcohol-related liver disease. In addition, patients
with concurrent metabolic risk factors and other chronic
liver disease (such as viral or autoimmune) cannot be
included under the nomenclature of NAFLD [2]. To
address this issue, the new nomenclature of MAFLD has
been proposed [3]. The diagnosis of MAFLD required the
presence of steatosis in coexistence with stipulated
metabolic criteria [4, 5]. Despite being an affirmative
nomenclature, its use of “fatty” continued to carry stigma.
Also, its permissive approach to alcohol consumption
renders it a very different condition from currently
known NAFLD in clinical trials and biomarker studies.
This raised concerns and highlighted the need to consider
the potential impact of such change in definition on
existing body of evidence for NAFLD and the develop-
ment of drugs and biomarkers [6].

In the context of this debate about terminology, an
international consensus group has suggested a new no-
menclature of SLD and its subcategories, which provides
an affirmative non-stigmatizing description of the con-
dition rather than a diagnosis of exclusion [1]. Metabolic
dysfunction-associated SLD (MASLD), which will replace
NAFLD, encompasses patients who have hepatic steatosis
and have at least one of five cardiometabolic risk factors.
A new category, MASLD with increased alcohol intake
(MetALD), describes those with MASLD who consume
greater amounts of alcohol [1]. However, the newly
suggested nomenclature has not been extensively eval-
uated for its clinical significance. Hepatocellular carci-
noma (HCC) is a main adverse outcome of fatty liver
diseases [7]. Thus, the aim of this study was to investigate
whether SLD and its subcategories could identify or
stratify HCC risk using a large cohort.

Patients and Methods

Study Population

This was a retrospective cohort study of participants (n =
199,375) aged 20 years or older who underwent health screening
exams, including abdominal ultrasonography at the Samsung
Medical Center Health Promotion Center in Seoul, South Korea,
from January 1st 2001 to December 31st 2016. If a participant had
multiple health screening exams during the study period, we used
data from the first screening exam. Among screened participants, we
excluded individuals with current or a history of cancer (n = 3,486),
chronic viral hepatitis (n = 5,860), heavy alcohol intake (420 g/week
for male, 350 g/week for female) (n = 910), or missing information
on alcohol intake (1 = 85,632). Although SLD can be diagnosed for
people with coexisting chronic liver disease (e.g., chronic viral
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hepatitis or people with heavy alcohol intake) [1] as HCC risk differs
significantly by the presence of coexisting chronic liver disease [8],
those with coexisting chronic liver disease were excluded from
analysis in this study. Among 106,987 eligible adult participants
without malignancy or other chronic liver diseases, 21,868 partic-
ipants were further excluded with the following exclusion criteria:
those with HCC development within 6 months, those with follow-
up duration of less than 6 months, and those with missing infor-
mation for cardiometabolic risk factors. Finally, a total of 85,119
adult participants without malignancy or other chronic liver diseases
with information available for cardiometabolic risk factors who had
a follow-up duration of at least 6 months were analyzed (Fig. 1). This
study was conducted in accordance with the Declaration of Helsinki.
The Institutional Review Board (IRB) of the Samsung Medical
Center approved this study (IRB approval number: 2023-08-021).
The requirement for informed consent was waived by the IRB as we
only used de-identified data routinely collected during health
checkup visits.

Variables

Demographics, past medical history, and amount of alcohol
intake were collected through standardized, self-administered
questionnaires. Current alcohol intake (g/week) was calculated
using frequency of drinking (times/week) and amount of alcohol
on each occasion. Height, weight, waist circumference, and blood
pressure were measured at the health screening exam. Body mass
index (BMI) was calculated as weight in kilograms divided by
height in meters squared. Blood samples for testing aspartate
aminotransferase (AST), alanine aminotransferase (ALT), fasting
glucose, hemoglobin Alc, plasma high-density lipid (HDL) cho-
lesterol, triglyceride, and platelet were collected after 8 h of fasting.
The fibrosis-4 (FIB-4) index was calculated as follows: age (years) x
AST (IU/L)/platelet count (10%/L) x /ALT [9].

Abdominal ultrasound exams were performed using the
LOGIQ E9 (GE Healthcare, Milwaukee, WI, USA), the iU22
XMATRIX (Philips Medical Systems, Cleveland, OH, USA), or
Acuson Sequoia 512 machines (Siemens, Issaquah, WA, USA) by
experienced radiologists who were unaware of study aims. Images
were captured in a standard fashion with the patient in the supine
position with the right arm raised above the head. Hepatic steatosis
on ultrasonography was defined based on the standard criteria,
which included hepatic parenchymal brightness, liver-to-kidney
contrast, deep beam attenuation, and brightness of intrahepatic
vessel walls or diaphragm [10, 11]. The normal liver was defined as
when it showed fine homogeneous isoechoic texture compared to
adjacent normal renal cortex.

Definition and Outcome

The diagnosis of SLD was based on hepatic steatosis on ul-
trasonography. SLD subclassification (MASLD, MetALD, and
cryptogenic SLD) were defined as proposed [1]. Cardiometabolic
risk factors were defined as follows: (1) BMI >23 kg/m? or waist
circumference >90 cm for males or 80 cm for females [12]; (2)
fasting serum glucose >100 mg/dL or HbAlc > 5.7% or type 2
diabetes or treatment for type 2 diabetes; (3) blood pressure >130/
85 mm Hg or antihypertensive drug treatment; (4) plasma
triglyceride >150 mg/dL or lipid-lowering treatment; (5) plasma
HDL cholesterol <40 mg/dL for males or <50 mg/dL for females or
lipid-lowering treatment [1]. Individuals who had hepatic steatosis
with at least one of five cardiometabolic risk factors were diagnosed
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Screening:

Adult (> 20 years old) participants received medical screening including abdominal ultrasonography (n = 199,375)

Exclusion

- Current or history of cancer (n = 3,486)

- Chronic viral hepatitis (n = 5,860)

- Heavy alcohol intake (420g/week for male, 350g/week for female) (n = 910)
- Missing information on alcohol intake (n = 85,632)

Eligible participants:

intake (n = 106,987)

Adult participants with complete information amount of alcohol intake without malignancy, chronic viral hepatitis or heavy alcohol

Exclusion

- Hepatocellular carcinoma development within 6 months (n = 1)
- Follow-up duration less than 6 months (n = 13,790)

- Missing information on cardiometabolic risk factors (n = 8,484)

Eligible participants: Adult participants with complete information amount of alcohol intake without malignancy, chronic viral
hepatitis or heavy alcohol intake, who had information on cardiometabolic risk factors and follow-up at least six months (n = 85,119)

Fig. 1. Patient flow.

as MASLD. Individuals with MASLD who consumed greater
amounts of alcohol per week (140-350 g/week for females or
210-420 g/week for males) were diagnosed as MetALD. Those
with SLD without metabolic dysregulation or increased alcohol
intake were diagnosed as cryptogenic SLD. The FIB-4 index was
used to assess the severity of fibrosis and to classify participants
with SLD into two groups: high-intermediate (FIB-4 > 1.3) and
low-probability (FIB-4 < 1.3) advanced fibrosis [13, 14]. For
sensitivity analysis, the Hepatic Steatosis Index (HSI) was used as a
biomarker for steatosis and was calculated as follows: HSI = 8 x
ALT/AST ratio + BMI + 2 x Diabetes (0 if no, 1 if yes) + 2 x Gender
(0 for female, 1 for male). A cutoff value of 36 was used to indicate
the presence of hepatic steatosis [15].

The diagnosis of MAFLD was based on the evidence of hepatic
steatosis on ultrasonography and meeting one of the three con-
ditions: (1) BMI >23 kg/m?% (2) type 2 diabetes mellitus; (3) the
presence of at least two of the seven following metabolic abnor-
malities variables: a waist circumference of >90 c¢cm in men
or >80 cm in women, a blood pressure of >130/85 mm Hg or use of
antihypertensive medications, plasma triglycerides of >150 mg/dL,
plasma HDL cholesterol of <40 mg/dL in men and <50 mg/dL in
women or the use of medications for hyperlipidemia, prediabetes
(fasting glucose of 100-125 mg/dL or a hemoglobin Alc of
5.7-6.4%), a Homeostatic Model Assessment for Insulin Resis-
tance (HOMA-IR) score of >2.5, or a plasma high-sensitivity
C-reactive protein (hsCRP) of >2 mg/mL [3]. The primary out-
come was HCC development during follow-up. The follow-up
period was defined as either the time from the index health
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screening visit to the date of the HCC diagnosis or the last hospital
visit (reference date: June 30, 2023), whichever came first. HCC
was diagnosed according to regional HCC guidelines [8, 16].

Statistical Analysis

Categorical variables are reported as numbers and percentages.
They were compared using the x? test or Fisher’s exact test, as
appropriate. Continuous variables are reported as median and
range. They were compared using the Mann-Whitney U test.
Survival curves were calculated using the Kaplan-Meier method.
Risks of HCC between groups were compared using the log-rank
test. Cox proportional hazards models were used to estimate crude
and multivariable-adjusted hazard ratios (HRs) with 95% confi-
dence intervals (ClIs) for HCC. In a multivariable model, age
(continuous variable), sex (male vs. female), the presence of
cardiometabolic risk factors (yes vs. no), increased alcohol intake
(yes vs. no), and FIB-4 (continuous variable) were adjusted.
Cardiometabolic risk factors and increased alcohol intake were not
adjusted in the analysis of MASLD, MetALD, or cryptogenic SLD
since these factors were required to diagnose MASLD and Met-
ALD. For additional analysis, we stratified individuals according to
MASLD and MAFLD definitions and compared the HCC risk
between the “MASLD&MAFLD” group and “MASLD without
MAFLD” group. As a sensitivity analysis, we used the HSI to define
steatosis and categorize individuals according to the definition. All
statistical analyses were performed using R version 4.1.2 software
(R Foundation for Statistical Computing, Vienna, Austria). A two-
tailed p value of <0.05 was considered statistically significant.
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Table 1. Baseline characteristics of study subjects

No SLD (n = 56,059) SLD (n = 29,060) p value

Age, years 48.0 (42.0; 54.0) 50.0 (44.0; 57.0) <0.01
Male, n (%) 25,572 (45.6) 21,053 (72.4) <0.01
BMI, kg/m2 22.8 (20.9; 24.5) 25.5 (23.9; 27.2) <0.01
Cardiometabolic risk factors® P <0.01

Abdominal obesity, n (%) 26,821 (47.9) 25,150 (86.6)

High blood glucose, n (%) 10,527 (18.8) 11,584 (39.9)

High blood pressure, n (%) 10,731 (19.1) 9,744 (33.5)

High triglyceride, n (%) 9,233 (16.6) 13,625 (47.3)
Low HDL, n (%) 10,626 (19.0) 9,434 (32.5)
AST, IU/L 20.0 (17.0; 25.0) 24.0 (20.0; 31.0) <0.01
ALT, IU/L 18.0 (14.0; 24.0) 29.0 (21.0; 41.0) <0.01
Fasting glucose, mg/dL 90.0 (84.0; 97.0) 96.0 (89.0; 106.0) <0.01
HDL, mg/dL 56.0 (47.0; 67.0) 47.0 (41.0; 55.0) <0.01
Triglyceride, mg/dL 90.0 (66.0; 127.0) 144.0 (104.0; 202.0) <0.01
Platelet, 103/uL 235.0 (203.0; 271.0) 240.0 (208.0; 276.0) <0.01
FIB-4 index 1.0 (0.7; 1.3) 0.9 (0.7; 1.2) <0.01
FIB-4 index <0.01

<1.30 42,711 (76.2) 22,787 (78.4)

1.30-2.67 12,750 (22.7) 5,947 (20.5)

>2.67 598 (1.1) 326 (1.1)

SLD, steatotic liver disease; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; HDL, high-density lipid cholesterol; FIB-4, fibrosis-4. 2Cardiometabolic risk factors were defined as
follows: abdominal obesity, BMI =23 kg/m? or waist circumference >90 cm for males or >80 cm for females;
high blood glucose, fasting serum glucose =100 mg/dL or HbA1c > 5.7% or type 2 diabetes or treatment for
type 2 diabetes; high blood pressure, blood pressure >130/85 mm Hg or specific antihypertensive drug
treatment; high triglyceride, plasmas triglyceride >150 or lipid-lowering treatment; low HDL, plasma HDL
cholesterol <40 mg/dL for males or <50 mg/dL for females or lipid-lowering treatment. PThirty-five missing for
abdominal obesity, 5 missing for high blood glucose, 23 missing for high blood pressure, 595 missing for high

triglyceride, 96 missing for low HDL.

Results

Baseline Characteristics

Among a total of 85,119 individuals, 29,060 (34.1%)
had SLD. Of these 29,060 individuals with SLD, 91.7%
(26,661 individuals) had MASLD, 5.3% (1,538 indi-
viduals) had MetALD, and 2.9% (836 individuals) had
cryptogenic SLD. Table 1 shows baseline characteristics
of the cohort. Baseline characteristics differed signifi-
cantly between individuals with SLD and those without
SLD. Individuals with SLD were older. They were
predominantly males. Those with SLD also had higher
aminotransferase levels and poor metabolic profiles
(Table 1).
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Risk of HCC by SLD

During a median follow-up of 11.9 years (range:
0.6-23.5 years), 123 individuals were newly diagnosed
with HCC. The HCC incidence was higher in individuals
with SLD than in those without SLD (0.197 vs. 0.071 per
1,000 person-years, p < 0.001). Individuals with SLD
showed higher risk of HCC than those without SLD
(multivariable adjusted HR: 2.02, 95% CI: 1.40-2.92,
Table 2).

Risk of HCC by SLD Subclassification

Among 29,060 individuals with SLD, majority (91.7%)
were classified as MASLD. MetALD comprised 5.3%, and
cryptogenic SLD comprised 2.9% of participants. The
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Table 2. Risk of HCC by SLD and its subclassification

Participants characteristics

Subjects,n HCC, n Incidence rate (per

Unadjusted HR  p Adjusted HR p

(or nomenclature) 1,000 person-years) (95% Cl) value (95% Cl) value
SLD

No SLD 56,059 49 0.071 Reference Reference

SLD 29,060 74 0.197 2.64 (1.84-3.80) <0.001 2.02 (1.40-2.92)® <0.001
SLD subclassification*

Cryptogenic SLD 836 0 0 N/A N/A

MASLD 26,661 63 0.180 240 (1.65-349) <0.001 2.03 (1.39-2.95)° <0.001

MetALD 1,538 11 0.648 8.87 (4.61-17.1) <0.001 5.22 (2.69-10.1)® <0.001

SLD, steatotic liver disease; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval; MASLD, metabolic
dysfunction-associated steatotic liver disease; MetALD, MASLD with increased alcohol intake. ?Adjusted for age, sex, the presence
of cardiometabolic risk factors, increased alcohol intake (males: 210-420 g/week; females: 140-350 g/week), and FIB-4 index.
bAdjusted for age, sex, and FIB-4 index. *The analysis excluded 25 individuals who did not fit into any SLD subclassification,
characterized as having SLD and increased alcohol intake, but without metabolic syndrome.

HCC incidence per 1,000 person-years was 0 for cryp-
togenic SLD, 0.180 for MASLD, and 0.648 for MetALD
(p < 0.001, Table 2; Fig. 2). Compared with individuals
without SLD, those with MetALD (adjusted HR: 5.22,
95% CI: 2.69-10.1) and MASLD (adjusted HR: 2.03, 95%
CI: 1.39-2.95) showed higher risk of HCC (Table 2).
There was no HCC diagnosed in the cryptogenic SLD
group during a follow-up of 7,978 person-years.

Sensitivity Analysis

In sensitivity analysis using the HSI, there were 2,423
participants in whom the HSI could not be calculated. A
total of 82,696 participants were used in this analysis. The
HCC incidence was higher in individuals with SLD than
in those without SLD (0.238 vs. 0.059 per 1,000 person-
years, p < 0.001). Individuals with SLD had a higher HCC
risk than those without, with a multivariable adjusted HR
of 4.54 (95% CI: 2.99-6.90, p < 0.001). The HCC inci-
dence per 1,000 person-years was 0 for cryptogenic SLD,
0.224 for MASLD, and 0.509 for MetALD (p < 0.001,
online suppl. Fig. S1; for all online suppl. material, see
https://doi.org/10.1159/000538301).

Risk of HCC by SLD Severity

When individuals with SLD were classified using the
FIB-4 index, the HCC incidence rate per 1,000 person-
years was 0.074 for those with FIB-4 < 1.3 and 0.673 for
those with FIB-4 > 1.3 (Table 3; Fig. 3). Compared to
individuals without SLD, HCC risk was higher for those
with SLD and FIB-4 > 1.3 (adjusted HR: 4.00, 95% CI:
2.65-6.05), while no significant difference was noticed for
SLD with FIB-4 < 1.3 (adjusted HR: 0.88, 95% CI:
0.53-1.46) (Table 3). When SLD subclassification was

Risk of HCC by SLD and Subclassification

further classified by the FIB-4 index, the proportion of
individuals with FIB-4 > 1.3 was 17.5% for those with
cryptogenic SLD, 21.0% for those with MASLD, and
33.7% for those with MetALD (p < 0.001, Fig. 4). The
HCC risk was higher for those with FIB-4 > 1.3 than for
those with FIB-4 < 1.3 (Table 3). Of note, the HCC
incidence rate was very high for those with MetALD and
FIB-4 >1.3 (1.847 per 1,000 person-years) with an ad-
justed HR of 12.4 (95% CI: 6.20-24.9).

Comparison of HCC Risk by MASLD and MAFLD

Definition

To define the presence of MAFLD, HOMA-IR and
hsCRP values are required in addition to variables used to
define MASLD in this study. As individuals with missing
values for HOMA-IR or hsCRP had to be excluded further,
comparative analysis of HCC risk between MAFLD and
MASLD had to be based on a cohort of 62,830 individuals.
All individuals with MAFLD were MASLD, while 3,098
out of 21,322 individuals (14.5%) did not qualify for the
definition of MAFLD. Additional analysis showed that the
“MASLD&MAFLD” group was significantly associated
with an increased risk of HCC. However, the “MASLD
without MAFLD” group did not show a significant dif-
ference in HCC risk compared to the cryptogenic SLD or
no SLD group (online suppl. Table S1; Fig. S2).

Discussion
In this study, we found that individuals with SLD had an

increased risk of HCC compared to individuals without
SLD. When SLD subclassification was assessed, we noticed
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MASLD 26661 25437 23458 21899 20284 17800 14078 10805
1538 1433 1317 1222 1086 920 702 475

Fig. 2. Risk of HCC according to the presence of SLD and its subclassification. Comparison performed with the
log-rank test. HCC, hepatocellular carcinoma; SLD, steatotic liver disease; MASLD, metabolic dysfunction-
associated steatotic liver disease; MetALD, MASLD with increased alcohol intake. * The analysis excluded 25
individuals who did not fit into any SLD subclassification, characterized as having SLD and increased alcohol

intake, but without metabolic syndrome.

that individuals with MASLD and MetALD were at an
increased risk of HCC, while the HCC risk was not in-
creased for those with cryptogenic SLD. When SLD and its
subclassification were further classified by the severity of
fibrosis, increased HCC risk was observed for individuals
with intermediate or high likelihood of advanced fibrosis
indicated by an increase of the FIB-4 index (>1.3). Of note,
individuals classified as MetALD under newly proposed
nomenclature showed a high HCC incidence rate (0.648
for 1,000 person-years), especially when their FIB-4 index
was high (>1.3) (1.847 for 1,000 person-years). This
suggests that SLD and its subclassification can risk stratify
and capture those at higher risk of HCC development
among asymptomatic adults.

The definition of NAFLD does not require metabolic
dysfunction for a diagnosis. However, metabolic dys-
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function plays a key role in the development and pro-
gression of NAFLD and is linked to adverse liver related
outcomes [17]. Components of metabolic syndrome,
particularly obesity and type 2 diabetes, are indepen-
dently associated with HCC development. They together
contribute to the risk of HCC in those with a noncirrhotic
liver [18-20]. Metabolic syndrome itself has also been
reported to be associated with an increased risk of HCC in
large cohort studies [21, 22]. Compared to NAFLD,
MASLD requires metabolic dysfunction. Those without
metabolic dysfunction are categorized into cryptogenic
SLD. In our study, the risk of HCC in patients with
cryptogenic SLD was null, whereas those with MASLD
had significantly higher risk for HCC. In a study com-
paring NAFLD and MAFLD definitions, “NAFLD-only
without MAFLD,” which would be cryptogenic SLD
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Table 3. Risk of HCC by SLD and severity of fibrosis

Participants characteristics  Subjects,n HCC, n Incidence rate (per Unadjusted HR  pvalue Adjusted HR p value
(or nomenclature) 1,000 person-years) (95% Cl) (95% Cl)
SLD severity
No SLD 56,059 49 0.071 Reference Reference
SLD with FIB-4 <1.3 22,787 22 0.074 0.96 (0.58-1.59) 0.870 0.88 (0.53-1.46)® 0.615
SLD with FIB-4 >1.3 6,273 52 0.673 9.91 (6.71-14.7)  <0.001 4.00 (2.65-6.05)* <0.001
SLD subclassification severity
MASLD with FIB-4 <1.3 21,060 21 0.075 0.97 (0.58-1.62) 0.905 0.94 (0.56-1.57)° 0.807
MASLD with FIB-4 >1.3 5,601 42 0.596 879 (5.82-13.3) <0.001 3.86 (2.50-5.95)® <0.001
MetALD with FIB-4 <1.3 1,020 1 0.086 1.17 (0.16-8.46)  0.877 1.09 (0.15-7.95)° 0.932
MetALD with FIB-4 >1.3 518 10 1.847 26.4 (134-522) <0.001 124 (6.20-24.9)® <0.001
SLD, steatotic liver disease; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval; MASLD, metabolic

dysfunction-associated steatotic liver disease; MetALD, MASLD with increased alcohol intake. 2Adjusted for age, sex, the presence
of cardiometabolic risk factors, and increased alcohol intake (males: 30-60 g/day; females: 20-50 g/day). PAdjusted for age and sex.

under the new nomenclature, showed lower rates of
advanced fibrosis with equivalent all-cause mortality risk
compared to patients without steatosis [23, 24]. In this
study, fibrotic burden estimated using the FIB-4 index
was higher in MASLD than in cryptogenic SLD. The
fibrosis burden is a strong factor associated with HCC risk
[25]. In the present study, individuals with an elevated
FIB-4 index were also at an increased HCC risk as well.
Thus, differentiating between cryptogenic SLD and
MASLD within the spectrum of SLD based on the
presence of metabolic dysfunction have considerable
significance in clinical practice, in terms of HCC risk
stratification. However, as cryptogenic SLD had a very
small number among individuals with SLD in this study,
further research on natural course of cryptogenic SLD in a
larger scale are needed to fully understand the natural
course of cryptogenic SLD.

Under the NAFLD criteria, people with significant al-
cohol consumption are excluded from NAFLD diagnosis
[26]. Under the MAFLD criteria, people with significant
alcohol consumption are classified together with those
who do not drink significant amounts of alcohol [4].
However, the natural history may differ according to the
amount of alcohol consumption in people with hepatic
steatosis [27, 28]. In the newly proposed SLD subclassi-
fication, MetALD was proposed for those with MASLD
and increased amount of alcohol intake as a new, distinct
disease entity [1]. In our study, we noticed that the HCC
risk was higher for those with MetALD, especially when
the FIB-4 index was elevated. The proportion of indi-
viduals with an elevated FIB-4 index (>1.3) was higher in
those with MetALD than in those with MASLD or
cryptogenic SLD. This finding supports differentiating

Risk of HCC by SLD and Subclassification

between MASLD and MetALD within the spectrum of
SLD based on the amount of alcohol intake. Compared to
MASLD, MetALD differs only by the amount of alcohol
intake. However, those with MetALD showed considerably
higher risk of HCC development than those with MASLD.
Differentiating people with SLD into MASLD and Met-
ALD has clinical significance in terms of differentiating the
risk of HCC.

In this study, we noticed that the HCC risk was ele-
vated for those with SLD and an increased FIB-4 index,
while the HCC risk of those with SLD and a low FIB-4
index was not increased. In line with our findings, several
studies have shown that the FIB-4 index is a useful in-
dicator for HCC risk among patients with NAFLD [29,
30]. Of note, there was no difference in HCC risk between
MASLD and MetALD when the FIB-4 index was low
(HCC incidence rate of 0.075 vs. 0.086 per 1,000 person-
years). However, there was a substantial difference in
HCC risk between MASLD and MetALD when the FIB-4
index was elevated (HCC incidence rate of 0.596 vs. 1.847
per 1,000 person-years). As the number of individuals
with MetALD with an elevated FIB-4 index was small (n =
518), our observation needs to be validated by further
studies. However, this may indicate that the harmful
effect of alcohol consumption may be exponential for
SLD with advanced fibrosis. Studies have shown the
harmful effect of alcohol on HCC risk in NAFLD [31].
The new nomenclature, MetALD, shows an increased
HCC risk, especially when the FIB-4 index is elevated.
The amount of alcohol consumed may play an important
role in hepatocarcinogenesis among individuals with
underlying liver steatosis. Thus, those with MetALD
might need active interventions to decrease their HCC
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Fig. 3. Risk of HCC according to the severity of SLD. Comparison performed with the log-rank test. HCC,
hepatocellular carcinoma; SLD, steatotic liver disease; FIB-4, fibrosis-4.

risk, including interventions to decrease alcohol con-
sumption in this population.

Defining MetALD and assessing the fibrosis burden
might also help identify those who could benefit from
HCC surveillance. There is a debate about which patients
should be targeted for screening as the risk of HCC is low
in those with non-cirrhotic NAFLD [32]. The prevalence
of SLD is high in the general population. However, the
HCC risk is not high enough to perform HCC surveil-
lance for all people with SLD [17, 29, 33]. Risk stratifi-
cation is mandatory for a tailored approach. In this study,
we noticed that SLD subclassification, together with the
FIB-4 index, could stratify HCC risk. This might also help
identify high-risk individuals who may benefit from
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regular HCC surveillance. Our study findings suggest that
those with MetALD and FIB-4 > 1.3 should be a priority
target group to understand risks and benefits of HCC
surveillance in SLD. We used an FIB-4 cutoff of 1.3 to
categorize individuals into high-intermediate (FIB-4 >
1.3) and low-probability (FIB-4 < 1.3) advanced fibrosis.
At the FIB-4 cutoff 2.67, individuals with high probability
of advanced fibrosis can be identified. Yet, in this cohort,
there were only 319 individuals with FIB-4 > 2.67
(1.13%), limiting stratified analysis. Clinical significance
of people with high probability (FIB-4 > 2.67) of ad-
vanced fibrosis requires additional studies. Although
sample size was small, HCC risk was highest in indi-
viduals with FIB-4 > 2.67 (data not shown).
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The complex nature of MASLD necessitates a sys-
tematic approach, impacting a wide range of health as-
pects. Hepatic carcinogenesis in this condition is pre-
dominantly linked to liver-specific factors like inflam-
mation and fibrosis, whereas cardiovascular morbidities
arise from broader metabolic dysfunctions [34, 35]. This
highlights the need for research spanning various health
outcomes to fully understand the disease’s impact.

Our study suggests interplay between alcohol and
metabolic alterations in HCC development. Alcohol may
exert its carcinogenic effects through metabolic pathways
[36]. Also, the presence of metabolic alterations may
further enhance the carcinogenic potential of alcohol
[37]. Further research is warranted to elucidate the
precise molecular pathways driving HCC in this context.

This study has some limitations that should be con-
sidered when interpreting its findings. First, hepatic
steatosis was defined using ultrasonography, and fibrosis

Risk of HCC by SLD and Subclassification

was estimated using the FIB-4 index. Although ultraso-
nography and FIB-4 index are validated tools for iden-
tifying the presence of hepatic steatosis and estimating the
fibrosis burden, there might be measurement and clas-
sification biases. Nevertheless, we observed that the
consistency of our results was confirmed in a sensitivity
analysis using a blood-based biomarker to define stea-
tosis. The gold standard to diagnose hepatic steatosis and
the degree of fibrosis is histology. Hence, findings of this
study need to be evaluated using biopsy-defined cohort.
When differentiating MASLD from MetALD, accurate
assessment of alcohol intake is needed. In this study, self-
reported questionnaires were used for assessing alcohol
intake, which might not fully capture the true quantity or
patterns of consumption due to potential recall bias or
intentional underreporting. While MASLD is an inclusive
term encompassing various chronic liver diseases, it is
important to note that the Asia-Pacific region exhibits a
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high prevalence of viral hepatitis. In our analysis, we
excluded individuals with chronic viral hepatitis as in-
formation on viral replication status and antiviral therapy
was inadequate or missing in large proportion of par-
ticipants as the cohort was based on a health screening
exam. The significance and clinical implications of de-
fining MASLD in individuals with chronic viral hepatitis
requires additional study. Lastly, there were also inherent
limitations in the definition of metabolic dysfunction
itself. When defining metabolic dysfunction, certain levels
or cutoff points were used to define the presence or
absence of metabolic dysfunction. Yet, there could be
biases or artifacts of cutoff levels used in the definition of
metabolic health in a given individual [38]. We catego-
rized individuals using baseline characteristics at the
index visit. However, SLD status, amounts of alcohol
intake, and metabolic dysfunctions were not in a fixed
state. They could change over time. In addition, the study
cohort was exclusively composed of Asians. Thus, find-
ings of this study might not be applicable to other eth-
nicity groups. Considering the high prevalence of lean
MASLD and the frequent occurrence of minor alleles of
PNPLA3 in Asian populations, it is important to ac-
knowledge that these genetic and phenotypic factors
might influence the observed association between
MASLD and HCC risk [39]. Unfortunately, we lacked
information on PNPLA3 in our dataset, and this could
not be assessed in this study.

In summary, we observed an increased risk of HCC in
individuals with SLD. When HCC risk was assessed using
the newly proposed nomenclature, we noticed different
risks for those with cryptogenic SLD, MASLD, and
MetALD. However, those with cryptogenic SLD did not
show an increased risk of HCC. Further risk stratification
showed a higher HCC risk for those with a high likelihood
of advanced fibrosis, indicated by an elevated FIB-4 index.
Individuals classified as MetALD under the new no-
menclature showed a particularly high incidence rate of
HCC when their FIB-4 index was high. This indicates that
SLD and its subclassifications can help identify those at a
higher risk of HCC.
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