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Background/Aims: Within metabolic dysfunction and alcohol-associated liver disease (Met-
ALD), there exists a continuum where the condition can conceptually shift between being meta-
bolic dysfunction-associated steatotic liver disease (MASLD) and alcoholic liver disease. How-
ever, alcohol use disorder (AUD) can be included in these diagnoses. The aim of this study was
to investigate the prevalence and clinical characteristics of misclassified AUD among patients
with MASLD and MetALD.

Methods: The study included a total of 3,362,552 participants from the 2011 to 2012 National
Health Screening Program. Steatotic liver disease was defined as having a hepatic steatosis index
score of 36 or higher. Significant alcohol intake was calculated on the basis of self-report question-
naire responses. AUD was defined as having received medical care for an alcohol-related condition
at least once during the study period. The mean follow-up period for participants was 9.8 years.

Results: MASLD and MetALD prevalence were 23.8% and 1.9%, respectively. AUD was iden-
tified in 1.1% (8,481 individuals) of MASLD and 4.7% (2,989 individuals) of MetALD cases.
Misclassified AUD was associated with significantly higher all-cause and liver-related mortal-
ity. Adjusted hazard ratios for liver-related mortality were 6.53 for AUD misclassified as MASLD
and 6.98 for AUD misclassified as MetALD. Extrahepatic cancer mortality risk was also elevated
(adjusted hazard ratio: 1.33 in MASLD and 1.44 in MetALD).

Conclusions: A significant number of AUD cases were misclassified as MASLD and MetALD in
cross-sectional assessment of alcohol consumption. Patients with AUD misclassified as MASLD
or MetALD had higher liver-related mortality than the pure MASLD and MetALD groups. (Gut
Liver, 2025;19:735-745)

Key Words: Alcohol use disorder; Metabolic dysfunction and alcohol-associated liver disease;
Metabolic dysfunction-associated steatotic liver disease; Alcohols; Mortality

INTRODUCTION

Steatotic liver disease (SLD) has been redefined as an um-
brella term for fatty liver disease, encompassing metabolic
dysfunction-associated steatotic liver disease (MASLD),
metabolic dysfunction and alcohol-associated liver disease
(MetALD), and alcoholic liver disease (ALD)."” This up-
dated nomenclature recognizes alcohol intake as a key de-
terminant in categorizing SLD, viewing MASLD, MetALD,

and ALD as different points along a continuous disease
spectrum rather than as entirely distinct entities.*

In many epidemiological studies, alcohol intake has typi-
cally been determined through self-reported questionnaires
administered only during the index year. Such self-reported
assessments are prone to recall bias and underreporting,
and may fail to accurately capture past or fluctuating alcohol
consumption, potentially leading to misclassification. Ac-
cording to a recent study, a considerable number of patients
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with MASLD had a prior diagnosis of ALD or alcohol use
disorder (AUD), which was linked to a significantly higher
risk of liver-related adverse outcomes.’ This underscores the
importance of capturing alcohol use history comprehensive-
ly, as fluctuating alcohol consumption may not be effectively
assessed through single-point questionnaire measurements.
Thus, accounting for hidden AUD is crucial to properly
assess the clinical risks and treatment needs of individuals
with MASLD or MetALD.

Recently, Nasr et al.” investigated the history of ALD or
AUD among patients with MASLD in a Swedish hospital
cohort. They found that 12% of patients with MASLD had
a prior diagnosis of ALD or AUD, with an additional 5%
diagnosed with ALD or AUD during follow-up. These re-
sults suggest that a substantial number of MetALD or ALD
cases may have been misclassified as MASLD. Therefore,
careful assessment of alcohol intake in MASLD is essen-
tial to determine the true prevalence and long-term out-
comes of MetALD. Most epidemiological studies related
to MASLD and MetALD currently rely on self-reported
alcohol consumption questionnaires from the index year.””
This reliance makes it challenging to rule out the possibil-
ity of alcohol intake under-reporting or the inclusion of
temporary abstainers in the MASLD category."’ To ac-
curately evaluate the prevalence, characteristics, and long-
term outcomes of MetALD, future research should employ
more comprehensive alcohol intake assessments, including
past medical history and previous drinking behaviors.

Therefore, we aimed to determine the prevalence, char-
acteristics, and their long-term clinical outcomes among
concurrent history of AUD in patients with MASLD and
those with MetALD using a large-scale cohort.

MATERIALS AND METHODS

1. Study design

The study was a retrospective cohort study using the 2011
to 2012 National Health Screening Program provided by the
Korea National Health Insurance Service (NHIS). This study
was conducted in accordance with the STROBE Statement.
The Institutional Review Board of Hanyang University Hos-
pital approved the study (IRB number: 2024-01-042). The
requirement for informed consent was waived because we
used anonymized data provided by the NHIS database ac-
cording to the Personal Data Protection Act guidelines.

2. Characteristics of database

The NHIS offers a free biennial health screening for
Korean adults, targeting regional household heads, work-
place insurance members, dependents aged 20 or older,
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and medical welfare recipients aged 20 to 64, as mandated
by Article 52 of the National Health Insurance Act. This
program facilitates early disease detection, with participa-
tion rates of 72.6% and 72.9% in 2011 to 2012. It includes
anthropometric measurements, blood and urine tests,
lifestyle questionnaires, and personal and familial medical
histories. Additionally, the NHIS database provides medi-
cal records, diagnosis dates, and data coded using the In-
ternational Classification of Diseases, 10th Revision (ICD-
10). Mortality information, including cause and date of
death, is linked to Statistics Korea via de-identified IDs.

3. Study population

Fig. 1 shows flowchart of the study population. Among
the 3,391,478 Koreans who participated in the National
Health Screening Program during the index year (2011
to 2012), a total of 864,271 participants were finally in-
cluded applying the following exclusions: (1) individuals
who aged <19 years (n=228); (2) those with viral hepati-
tis (n=190,683); (3) missing alcohol intake information
(n=8,531); (4) excessive alcohol intake (n=74,437); (5)
missing data to calculate hepatic steatosis index (HSI)
(n=847); (6) those who were dead before 2013 (n=19,320);
(7) those with cryptogenic SLD (n=103,440); and (8) those
without SLD (n=2,128,721). Participants were classified
into MASLD without AUD (n=792,407), AUD misclas-
sified as MASLD (n=8,481), MetALD without AUD
(n=60,394), and AUD misclassified as MetALD (n=2,989).

4. Definition of MASLD, MetALD, and AUD

SLD was defined as an HSI of 36 or higher, which is a
well-validated, noninvasive method for identifying hepatic
steatosis. MASLD was defined as (1) the presence of SLD,
(2) alcohol intake <30 g/day for men and <20 g/day for
women, and (3) at least one of the cardiometabolic risk
factors. MetALD was defined using the same criteria as
MASLD, except that it included moderate alcohol con-
sumption, defined as 30-60 g/day for men and 20-50 g/day
for women. AUD was defined by ICD-10 codes F10, G31.2,
G62.1, G72.1, 142.6, K29.2, K70.0-K70.4, K70.9, K85.2,
K86.0, X45, X65, or Y15 during the 2011 to 2012.

5. Misclassification of MASLD and MetALD

Self-reported alcohol consumption was used as the basis
for classifying individuals as MASLD or MetALD. How-
ever, cases with medical records indicating a diagnosis of
AUD during the index year were defined as AUD misclas-
sified as MASLD or MetALD.

6. Outcomes setting
The primary outcome measure was liver-related mortal-
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3,391,478 Korean who participated in the
2011-2012 National Health Screening Program
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228 Aged <19 yr

4
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8,531 Missing alcohol intake information
847 Unable to calculate HSI
19,320 Deaths before 2013
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2,129,721 Non-SLD (63.3%)

A 4

74,437 ALD (2.2%)
190,683 Chronic viral hepatitis (5.7%)

| 864,271 MASLD or MetALD (25.7%)

103,440 Cryptogenic SLD (3.1%)

v

v
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I
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v
| 63,383 MetALD (1.9%)

v v

792,407 MASLD 8,481 AUD misclassified
without AUD (98.9%) as MASLD (1.1%)

60,394 MetALD
without AUD (95.3%)

2,989 AUD misclassified
as MetALD (4.7%)

Fig. 1. Flowchart of the study population selection. HSI, hepatic steatosis index; SLD, steatotic liver disease; ALD, alcoholic liver disease; MASLD,
metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic and alcohol-associated liver disease; AUD, alcohol use disorder.

ity. Liver-related mortality included death due to hepato-
cellular carcinoma (HCC) and liver-related complications,
which included hepatic encephalopathy, ascites, and esopha-
geal varices. The ICD-10 codes for HCC, hepatic encepha-
lopathy, ascites, and esophageal varix were C22, K71-K79,
R18, and 185, respectively. The secondary outcomes were
cardiovascular disease (CVD) mortality and extrahepatic
cancer mortality. CVD mortality was defined using the ICD-
10 codes 120-125 or I50. Extrahepatic cancer mortality was
defined using ICD-10 codes C00—C21 or C23—C97. Partici-
pants were followed up from January 1, 2014, until their date
of death, or until December 31, 2021. To minimize potential
reverse causal relationships, we set 2013 as a lag period and
excluded outcomes that occurred in 2013.

7. Measurements

Individuals with low income were defined as those re-
ceiving Medical Aid or in the lowest income quintile based
on NHIS premiums. Smoking status was categorized as cur-
rent smoker or nonsmoker. Daily alcohol intake (g/day) was
calculated by multiplying the weekly drinking frequency by
the alcohol quantity per session, with mild intake defined
as <30 g/day for men and <20 g/day for women; moder-
ate intake defined as 3060 g/day for men and 20-50 g/day
for women; excessive intake defined as >60 g/day for men
and >50 g/day for women. Regular exercise was classified
as vigorous activity >3 days/week or moderate activity >5
days/week. Body mass index was calculated from measured
height and weight, with obesity defined as body mass index
>25 kg/m*. Waist circumference (cm) was measured at the
midpoint between the upper margin of the iliac crest and

the lower margin of the lowest rib. Systolic blood pressure
and diastolic blood pressure were measured after a 5-minute
rest. After at least 8 hours of fasting, fasting blood glucose,
serum aspartate aminotransferase, alanine aminotransferase,
gamma-glutamyl transpeptidase, total cholesterol, triglyc-
eride, high-density lipoprotein cholesterol, and creatinine
levels were also measured. Type 2 diabetes mellitus (T2DM)
was identified by fasting blood glucose =126 mg/dL or ICD-
10 codes E11-E14 with ongoing anti-diabetic treatment. Hy-
pertension was defined as systolic blood pressure >140 mm
Hg, diastolic blood pressure 290 mm Hg, or ICD-10 codes
110113 or I15. with ongoing anti-hypertensive treatment.
Dyslipidemia was identified by total cholesterol 2240 mg/dL
or ICD-10 code E78 with ongoing lipid-lowering treatment.

8. Statistical analysis

Data are presented as numbers (percentages, %) for cat-
egorical variables and mean+standard deviation or median
(25th, 75th percentile) for continuous variables after nor-
mality test. The chi-square test was used to compare dif-
ferences of categorical variables among groups. Analysis of
variance was used to compare differences among groups.
The Kaplan-Meier survival curve was used to depict cu-
mulative incidence rates of outcomes among groups, with
the log-rank test for group comparisons. Cox proportional
hazards models were used to calculate the hazard ratio (HR)
with 95% confidence interval (CI) for liver-related mortali-
ty, CVD, and extrahepatic cancer mortality. In Model 1, we
adjusted for age and sex as fundamental demographic con-
founders. In Model 2, we further adjusted for body mass
index, low income, smoking, and physical activity, as these
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lifestyle and socioeconomic factors are known to influence
both the exposure and outcome. Finally, in Model 3, meta-
bolic conditions (T2DM, hypertension, and dyslipidemia)
were added to account for their potential mediating effects
on the association. Sensitivity analyses were conducted
on 859,952 participants by excluding patients with HCC
and liver-related complications from 2009 to 2013, setting
newly developed cases of HCC and liver-related complica-
tions from 2014 to 2021 as outcomes.

All statistical analyses were performed using R (version
4.0.3; R Foundation for Statistical Computing, Vienna,
Austria) and SAS enterprise guide (version 7.1; SAS Insti-
tute Inc., Cary, NC, USA). A two-sided p-value of <0.05
was considered statistically significant.

RESULTS

1. Baseline characteristics
Table 1 presents the baseline characteristics of the study

Table 1. Baseline Characteristics of the Study Population

population across four groups. For the total 3,362,552 sub-
jects, the mean age was 54.6 years (standard deviation: 13.6
years). Prevalence of MASLD and MetALD was 23.8% and
1.9%, respectively. Of those classified as MASLD and Met-
ALD, 1.1% (8,481 individuals) and 4.7% (2,989 individuals)
had a history of AUD in the index year (Fig. 1). Patients in
the AUD misclassified as MASLD or MetALD group exhib-
ited higher age, height, weight, waist circumference, systolic
blood pressure, diastolic blood pressure, fasting blood glu-
cose, and triglycerides level than without AUD. The AUD
group had a higher proportion of current smokers and
lower rates of regular exercise. Notably, the prevalence of
T2DM was nearly twice as high in the misclassified AUD as
MASLD group compared to those without AUD.

2. Liver-related mortality in AUD misclassified as
MASLD and MetALD
Fig. 2A displays the cumulative incidence rates of
liver-related mortality throughout the follow-up period.
The AUD misclassified as MASLD and MetALD groups

MASLD without AUD

AUD misclassified as

MetALD without AUD AUD misclassified as

Variable (n=792,407) MASLD (n=8,481) (n=60,394) MetALD (n=2,989) p-value
Male sex 127,768 (16.8) 1,288 (15.8) 8,036 (13.8) 446 (15.5) <0.0001
Age, yr 55.0£13.6 56.2+11.8 49.1£12.7 54.3+10.8 <0.0001
Height, cm 158.6+9.0 163.6+8.7 166.5+8.3 166.6+7.3 <0.0001
Body weight, kg 65.9+£12.1 70.8+13.0 74.3£13.0 72.7£12.8 <0.0001
BMI, kg/m? 26.0£3.2 26.3+3.5 26.7+3.4 26.1+3.6 <0.0001
WC, cm 84.0+9.1 87.7+9.2 87.7+9.2 88.7+8.9 <0.0001
Low income 127,768 (16.8) 1,288 (15.8) 8,036 (13.8) 446 (15.5) <0.0001
SBP, mm Hg 125.8+15.3 128.3+15.3 128.7+£15.0 131.0£15.1 <0.0001
DBP, mm Hg 77.5+£10.0 79.4£10.2 80.6+10.3 81.7+10.1 <0.0001
FBG, mg/dL 100.9+25.1 109.5+33.0 105.9+29.1 113.7+£35.2 <0.0001
AST, U/L 25 (19-28) 28 (22-41) 25 (21-33) 35 (25-59) <0.0001
ALT, U/L 16 (13-22) 20 (14-31) 19 (14-27) 24 (17-40) <0.0001
r-GTP, U/L 19 (14-30) 42 (23-89) 40 (24-70) 87 (44-185) <0.0001
Total cholesterol, mg/dL 198.7+38.3 194.1+41.8 198.7+37.8 194.4+42.7 <0.0001
HDL cholesterol, mg/dL 54.3+21.6 53.3+17.2 56.6+24.4 56.4+20.7 <0.0001
Triglyceride, mg/dL 135.4£96.9 171.4+£150.5 173.3£146.9 215.4217.6 <0.0001
eGFR, mL/min/1.73 m’ 81.5+31.2 82.4+31.8 84.8+33.9 86.1+29.3 <0.0001
Current smoker 81,793 (10.3) 2,379 (28.1) 23,008 (38.1) 1,295 (43.4) <0.0001
Regular exerciser 199,969 (25.2) 2,454 (28.9) 20,521 (34.0) 876 (29.3) <0.0001
HTN 305,766 (38.6) 3,995 (47.1) 24,412 (40.4) 1,594 (53.3) <0.0001
T2DM 81,532 (10.3) 1,653 (19.5) 9,070 (15.0) 716 (24.0) <0.0001
DLD 133,288 (16.8) 1,383 (16.3) 8,824 (14.6) 528 (17.7) <0.0001
Mean follow-up, yr 9.8+1.1 9.4+1.8 9.8+1.1 9.4+1.8 0.0010
Death 47,331 (6.0 1,279 (15.1) 3,160 (5.2) 463 (15.5) <0.0001
Liver-related death 1,926 (0.2) 197 (2.3) 210(0.3) 73 (2.4) <0.0001
CVD death 5,032 (0.6) 72 (0.8) 221(0.4) 15(0.5) <0.0001
Extrahepatic cancer death 13,981 (1.8) 273(3.2) 1,143 (1.9) 108 (3.6) <0.0001

Data are presented as number (%), meanzSD, or median (interquartile range).

MASLD, metabolic dysfunction-associated steatotic liver disease; AUD, alcohol use disorder; MetALD, metabolic dysfunction and alcohol-associ-
ated liver disease; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose; AST, aspartate aminotransferase; ALT, alanine aminotransferase; r-GTP, gamma-glutamyltranspeptidase; HDL, high-density lipoprotein;
eGFR, estimated glomerular filtration rate; HTN, hypertension; T2DM, type 2 diabetes mellitus; DLD, dyslipidemia, CVD, cardiovascular disease.
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demonstrated markedly higher cumulative rates of liver-
related mortality compared to the MASLD without AUD
and MetALD without AUD groups (p-value for log-rank
tests <0.0001). Table 2 presents the HR (95% CI) for liver-
related mortality of AUD misclassified as MASLD, Met-
ALD without AUD, and AUD misclassified as MetALD
compared to the referent MASLD without AUD. The un-
adjusted HR (95% CI) for AUD misclassified as MASLD,
MetALD without, and AUD misclassified as MetALD were
significantly elevated at 10.04 (8.67 to 11.63), 1.42 (1.23
to 1.64), and 10.61 (8.39 to 13.40), respectively. These as-
sociations persisted in the multivariable models. In Model
3, the fully adjusted HRs (95% ClIs) were 6.53 (5.60 to 7.61)
for AUD misclassified as MASLD, 1.30 (1.11 to 1.51) for
MetALD without AUD, and 6.98 (5.48 to 8.89) for AUD
misclassified as MetALD.

3. CVD mortality according to presence of AUD in

MASLD/MetALD

Fig. 2B illustrates the cumulative incidence rates of
CVD mortality throughout the follow-up period. While
the differences between the groups were not substantial,
the highest rates were observed in the misclassified AUD
as MASLD group, followed by MASLD without AUD, mis-
classified AUD as MetALD, and MetALD without AUD,
indicating some level of increased risk associated with
AUD (p-value for log-rank tests <0.0001). However, ad-
justed HRs for CVD mortality was not different according
to presence of AUD in both MASLD/MetALD (Table 2).

4. Extrahepatic cancer mortality according to

presence of AUD the MASLD/MetALD

Fig. 2C illustrates the cumulative incidence rates of
extrahepatic cancer mortality, demonstrating that both
the misclassified AUD as MASLD and misclassified AUD
as MetALD groups exhibited significantly higher rates
compared to their counterparts without AUD (p-value
for log-rank tests <0.0001). Misclassified AUD as MASLD
was associated with a markedly elevated risk of extrahe-
patic cancer mortality across adjusted models as shown in
Table 2. The adjusted HR for extrahepatic cancer-related
mortality was 1.33 (95% CI, 1.18 to 1.50) in the fully ad-
justed model (Model 3). Similarly, MetALD without AUD
displayed a modestly increased risk across adjusted mod-
els, with an HR of 1.07 (95% CI, 1.00 to 1.14) in Model 3.
However, misclassified AUD as MetALD presented the
highest risk, with an unadjusted HR of 2.17 (95% CI, 1.79
to 2.62) and an adjusted HR of 1.44 (95% CI, 1.18 to 1.76)
in the fully adjusted Model 3.

5. Risk of all-cause mortality in AUD misclassified as

MASLD and MetALD

During a total of 8,468,619.64 person-years with a mean
follow-up of 9.8 years, 52,233 mortality cases were report-
ed with 2,406 liver-related deaths, 5,340 CVD deaths, and
15,505 extrahepatic cancer deaths. Fig. 2D illustrates the
cumulative incidence rates of all-cause mortality over the
follow-up period. Both the AUD misclassified as MASLD
and MetALD groups exhibited significantly higher cu-
mulative all-cause mortality rates compared to the pure
MASLD (MASLD without AUD) and pure MetALD
(MetALD without AUD) groups (p-value for log-rank tests
<0.0001). Table 2 presents HR (95% CI) for all-cause mor-
tality of AUD misclassified as MASLD, MetALD without
AUD, and AUD misclassified as MetALD was 2.66 (2.52
to 2.81), 0.87 (0.84 to 0.90), and 2.75 (2.51 to 3.01), respec-
tively. The same trends were maintained in multivariable
models in the AUD misclassified as MASLD and MetALD.
In Model 3, the adjusted HR (95% CI) for all-cause mortal-
ity of AUD misclassified as MASLD and MetALD was 1.97
(1.86 t0 2.08) and 2.12 (1.93 to 2.33), respectively.

6. The incidence of HCC and liver-related events
according to the presence of AUD in MASLD/
MetALD
Fig. 3 illustrates the cumulative incidence rates of HCC

and liver-related complications over the follow-up period.

The misclassified AUD as MASLD and MetALD groups

demonstrated significantly higher cumulative incidence

rates for both HCC (Fig. 3A) and liver-related complica-
tions (Fig. 3B) compared to the pure MASLD and Met-

ALD (MASLD without AUD and MetALD without AUD)

groups (both p-values for log-rank tests <0.0001). Table 3

presents the HR (95% CI) for incident HCC and liver-

related complications across MASLD and MetALD groups,
with or without AUD. For incident HCC, the unadjusted

HR (95% CI) for misclassified AUD as MASLD, MetALD

without AUD, and misclassified AUD as MetALD was

10.77 (9.14 to 12.70), 2.22 (1.95 to 2.54), and 14.08 (11.11

to 17.84), respectively, compared to MASLD without AUD

as the reference. In Model 3, the adjusted HR (95% CI)
for incident HCC for misclassified AUD as MASLD and
misclassified AUD as MetALD was 5.78 (4.88 to 6.86) and

7.00 (5.48 to 8.94), respectively. For incident liver-related

complications, the unadjusted HR (95% CI) for misclassi-

fied AUD as MASLD, MetALD without AUD, and misclas-

sified AUD as MetALD was 4.53 (4.02 to 5.11), 1.28 (1.17

to 1.38), and 6.10 (5.14 to 7.24), respectively, compared to

MASLD without AUD as the reference. In Model 3, the

adjusted HR (95% CI) for liver-related complications for

misclassified AUD as MASLD and MetALD was 3.89 (3.43

https://doi.org/10.5009/gnl250072 739
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Fig. 2. Kaplan-Meier survival curve
showing cumulative incidence rates
of liver-related mortality (A}, CVD
mortality (B), extrahepatic cancer
mortality (C), and all-cause mortality
(D) based on MASLD/MetALD with
or without AUD status. CVD, cardio-
vascular disease; MASLD, metabolic
dysfunction-associated steatotic
liver disease; MetALD, metabolic
dysfunction and alcohol-associated
liver disease; AUD, alcohol use dis-
order.
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MASLD without AUD 788,963 788,963 788,204 785,237 780,749 775,851 770,256 764,024 757,345 745,477 429,969
AUD misclassified as MASLD 8,048 8,048 8,022 7930 7,79 7,660 7,520
MASLD without AUD 60,090 60,090 60,035 59,841 59,505 59,148 58,772 58,345 57,913 56,978 36,634
AUD misclassified as MetALD 2,851 2,851 2,840 2801 2761 2,705 2644

B 0.06 7 — MASLD without AUD
= = AUD misclassified as MASLD
0.05 - MASLD without AUD

— -~ AUD misclassified as MetALD
0.04 H Log-rank teat: p<0.0001

Cumulative incidence rate of LRCs

0.03 -
0.02 ‘:—::_’__
0.01 - 44::_',',:"'
T "_.7':’— . . .
0 1 2 3 4 5 6
No. at risk Follow-up time (yr)

MASLD without AUD 788,963 788,963 788,076 784,635 779,592 774,102 767,903 761,200 753,979 741,672 427,637
AUD misclassified as MASLD 8,048 8,048 8020 7,910 7,746 7594 7,439
MASLD without AUD 60,090 60,090 60,030 59,799 59,409 59,014 58568 58,105 57,628 56,649 36,418
AUD misclassified as MetALD 2,851 2,851 2837 2788 2741 2675 2616

to 4.40) and 5.10 (4.25 to 6.11), respectively.

DISCUSSION

In a large-scale study involving over 3.3 million individ-
uals, 23.8% of participants were diagnosed with MASLD,
and 1.9% with MetALD. Notably, among those diagnosed
with MASLD and MetALD, 1.1% and 4.7%, respectively,
had a history of AUD in the same index year. Considering
that a significant portion of individuals with AUD or ALD
may not seek clinical care, it is plausible that some cases
of AUD might have been misclassified as MASLD or Met-
ALD. Similarly, Nasr et al.’ reported that 12% of individu-
als with MASLD had a prior diagnosis of ALD or AUD,
with an additional 5% being diagnosed with ALD or AUD
during follow-up.

An interesting observation is that clinical outcomes
differ significantly between MASLD cases with and with-
out a history of AUD. The presence of AUD significantly
worsened health outcomes, leading to higher rates of
T2DM, elevated blood pressure, and increased lipid levels.
Moreover, the mortality rates for both all-cause and liver-
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0
7384 7234 7035 4143 0
0
2591 2538 2471 1439 0
__,_--"‘r Fig. 3. Kaplan-Meier survival curve
B showing cumulative incidence rates
of HCC (A) and LRCs (B) based on
MASLD/MetALD with or without
AUD status. HCC, hepatocellular
T T T T 1 carcinoma; LRCs, liver-related
7 8 9 10 11 . . .
complications; MASLD, metabolic
dysfunction-associated steatotic liver
0 disease; MetALD, metabolic dys-
7288 7,135 6926 4073 0 . ) ;
o function and alcohol-associated liver
2,559 2498 2426 1405 0 disease; AUD, alcohol use disorder.

related deaths were significantly higher in groups with
AUD. These findings underscore the critical need for pre-
cise medical histories for alcohol abuse and highlight the
importance of addressing history of alcohol use in these
patients to better assess risk and improve outcomes.
MetALD is a newly defined disease category according to
the new SLD nomenclature, and its prevalence is reported
to be approximately 2% to 5% of the general population.'""
In the National Health and Nutrition Examination Survey
in the United States, the prevalence of MASLD was 31.3%
to 32.5%, with MetALD at 2% to 2.56%.""* Similarly, in the
Korean health examination cohort, MASLD was prevalent
at 29.5%, while MetALD stood at 7.9%."” Likewise, in the
health examination cohort in Taiwan, MASLD was observed
at 31.6% and MetALD at 2.8%.° Overall, the prevalence of
MetALD accounts for approximately 8% to 12% of MASLD
cases in most cross-sectional studies. Considering the high-
risk drinking rate defined by the World Health Organization
to be around 20% ' in the general population, the propor-
tion of MetALD in SLD can be considered relatively small.
This may be due to the fact that in most cross-sectional
studies, alcohol consumption was dependent on self-report-
ed questionnaires at the index year." In this study, about 1%
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Table 3. Sensitivity Analysis: Cox Proportional Hazard Regression for Incident HCC and Liver-Related Complications According to the Presence of MASLD/MetALD with or without AUD

Model 3*

Model 2*

Model 1*

Unadjusted

Variable

p-value HR (95% CI) p-value HR (95% Cl) p-value HR (95% Cl) p-value

HR (95% Cl)

Incident HCC

1 (reference)

5.78 (4.88-6.86)
1.51(1.31-1.75)
7.00 (5.48-8.94)

1 (reference)

6.01(5.08-7.13)
1.56 (1.35-1.79)
7.31(5.72-9.33)

1 (reference)
6.07 (5.13-7.18)

1 (reference)

10.77 (9.14-12.70)
2.22(1.95-2.54)

MASLD without AUD
MASLD with AUD

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

1.64 (1.43-1.89)
7.48 (5.88-9.51)

MetALD without AUD
MetALD with AUD

14.08 (11.11-17.84)

Incident liver-related complications

MASLD without AUD
MASLD with AUD

1 (reference)

3.89 (3.43-4.40)
1.31(1.20-1.43)

5.10 (4.25-6.11)

1 (reference)

3.94 (3.48-4.46)
1.32(1.21-1.44)
5.21 (4.35-6.24)

1 (reference)

4.08 (4.02-5.11)

1 (reference)

4.53 (4.02-5.11)

<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

1.35(1.24-1.48)
5.57 (4.68-6.63)

1.28(1.17-1.38)

6.10(5.14-7.24)
HCC, hepatocellular carcinoma; MASLD, metabolic dysfunction-associated steatotic liver disease; MetALD, metabolic dysfunction and alcohol-associated liver disease; AUD, alcohol use disorder; HR,

hazard ratio; Cl, confidence interval.

MetALD without AUD
MetALD with AUD

<0.0001

<0.0001

*Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, body mass index (BMI), low income, current smoker, and regular exerciser; Model 3: Adjusted for age, sex, BMI, low income, current

smoker, regular exerciser, hypertension, type 2 diabetes mellitus, and dyslipidemia.

of MASLD and 5% of MetALD patients had medical records
of being treated for AUD within the same survey year. In
this study, SLD with AUD could be classified into various
scenarios. First, patients with ALD might have temporarily
reduced their alcohol consumption. Second, despite con-
tinued significant alcohol consumption, these individuals
might still be patients with true ALD who underreported
their alcohol intake, leading to their misclassification as
MetALD or MASLD. Our data showed that prevalence of
MetALD based on a self-reported alcohol consumption
questionnaire was found to be 1.9%. However, among those
categorized as MASLD, who reported consuming significant
alcohol at levels below 210 g per week for men and 140 g per
week for women, approximately 1.1% had a history of AUD
in the same index year. Considering these misclassified
AUD as MASLD cases, it suggests that the actual prevalence
of MetALD could increase by up to 2.1%. These figures are
based on the medical history and self-reported alcohol con-
sumption during the same index year. Additionally, includ-
ing medical history and self-reported alcohol consumption
up to 2 years prior among 850,712 individuals who also
participated in the 2009 to 2010 National Health Screening
Program, 37,626 (4.8%) with MASLD without AUD and
1,835 (22.0%) with AUD misclassified as MASLD reported
moderate alcohol intake (Supplementary Fig. 1). Reflect-
ing this, the prevalence of individuals who had at least one
occurrence of MetALD could increase to as much as 3.1%.
However, this prevalence heavily relies on self-reported alco-
hol consumption, and the real-world prevalence of MetALD
is likely higher, which is medically significant as hidden Met-
ALD may exhibit worse metabolic indicators and outcomes
compared to overt MetALD. This study clearly demonstrates
the importance of conducting a comprehensive investigation
into alcohol intake when defining MASLD.

In addition to the underestimated prevalence of Met-
ALD, the long-term outcomes of MetALD are also un-
derestimated. To date, many studies have reported on
the long-term outcomes of SLD, MASLD, and MetALD.
Almost all of these studies have indicated that MASLD
and MetALD are markedly associated with higher risks of
overall mortality, liver-related mortality, HCC, and other
liver-related events compared to non-SLD.”*'""* However,
there was no statistically significant difference in the long-
term outcomes between MASLD and MetALD across all
studies.”*'""'® Moreover, some data suggest that MetALD's
long-term mortality is even better than that of MASLD.
Two large-scale cohorts in Korea’ and a U.S. Veteran co-
hort"” indicate a potential reversal in mortality and liver
cirrhosis rates in MASLD and MetALD. One of possible
reason for the various long-term outcomes of MetALD
may be that previous studies included a significant number
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of MetALD or ALD in the MASLD group. To our knowl-
edge, our results demonstrated that MetALD without
AUD is associated with higher liver-related mortality than
MASLD without AUD from a large cohort (Fig. 2). These
results re-emphasize the harmful effects of moderate alco-
hol consumption in SLD as it exacerbates hepatic inflam-
mation and oxidative stress, upregulates pro-inflammatory
cytokines, which accelerates the progression of fibrosis
and increases the risk of HCC.””* And at the same time, it
demonstrates once again that MASLD, MetALD, and ALD
are not separate diseases but are spectrum diseases caused
by alcohol intake in SLD.

This study had several limitations. First, we defined SLD
using the HSI in the current study. Although the HSI is a
well-validated, noninvasive test for steatosis, it has the disad-
vantage of overestimating CVD mortality and CVD events
in SLD patients. However, HSI has demonstrated strong
predictive performance for nonalcoholic fatty liver disease,
with an area under the curve of up to 0.88 in females and
0.82 in males, and a sensitivity of 80% and specificity of 67%
in men, making it a useful screening tool.** Future research
using magnetic resonance imaging-derived proton density
fat fraction,” the gold standard for SLD, will be necessary.
Second, defining AUD solely based on ICD-10 codes has
certain limitations. This approach cannot account for undi-
agnosed cases of AUD or assess its severity. Additionally, the
definition of AUD in this study includes liver-related condi-
tions and complications, such as K70.0-K70.4 and K70.9,
which may lead to an overestimation of liver-related out-
comes. Moreover, it is important to consider that some liver-
related outcomes may include deaths caused by liver failure
secondary to multiorgan failure. Third, we could not estab-
lish a causal relationship between MASLD/MetALD and
CVD, liver diseases, and mortality risks. Further research
involving large-scale clinical trials or Mendelian randomiza-
tion studies may be required to establish firm causal rela-
tionships. Despite these limitations, this research emphasizes
the necessity for more precise evaluation tools concerning
alcohol intake, which could lead to improved management
and understanding of the SLD spectrum.

In conclusion, our findings suggest that a substantial
number of AUD cases may be included as MetALD or
MASLD in cross-sectional assessments of alcohol con-
sumption. A history of AUD has a negative impact on the
clinical outcomes of SLD. When MASLD or MetALD is
classified based solely on self-reported alcohol consump-
tion, there is a substantial risk of misclassification for SLD
subclassification. This highlights the need for the develop-
ment of more quantitative biomarkers and a systematic,
comprehensive investigation into alcohol consumption,
including detailed medical histories, to improve the clas-
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sification of SLD subtypes. The long-term outcomes as-
sociated with MetALD are also likely underestimated or
overestimated due to reliance on unstructured question-
naires. This underestimation calls for a cautious approach,
underscoring the importance of incorporating prior alco-
hol consumption history and a thorough medical review of
AUD when classifying MASLD and MetALD.
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