Annals of Hepatology 30 (2025) 101907

ANNAISOF

Hepatology

Contents lists available at ScienceDirect

Annals of Hepatology

journal homepage: www.elsevier.es/annalsofhepatology

Original article

Body mass index and diabetes predict severity of liver fibrosis across the .

Check for

spectrum of steatotic liver disease

Eda Kaya®®, Eduardo Vilar-Gomez¢, Raj Vuppalanchi®*, Yusuf Yilmaz"¢

2 Department of Medicine, Knappschaftskrankenhaus Bochum, Ruhr University, Bochum, Germany

b Department of Hepatology, The Global NASH Council, Washington, DC, USA

¢ Division of Gastroenterology and Hepatology, Indiana University School of Medicine, Indianapolis, IN, USA
d Department of Gastroenterology, School of Medicine, Recep Tayyip Erdogan University, Rize, Tiirkiye

ARTICLE INFO ABSTRACT

Article History:

Received 14 January 2025
Accepted 14 March 2025
Available online 26 March 2025

Introduction and Objectives: Recent evidence indicates that metabolic dysfunction and alcohol-associated
steatotic liver disease (MetALD), a newly defined subgroup of steatotic liver disease (SLD), may have a worse
prognosis than metabolic dysfunction-associated steatotic liver disease (MASLD). This study examines the
clinical factors influencing the severity of MetALD to inform and improve future management strategies.

Patients and Methods: Data from the 2017-2020 National Health and Nutrition Examination Surveys

ﬁigﬁds; (NHANES), involving 7745 adults with valid elastography measurements, were utilized to define and esti-
MetALD mate the prevalence of MASLD, MetALD, and alcohol liver disease (ALD). Controlled attenuation parameter
type 2 diabetes mellitus (CAP) >285 dB/m, liver stiffness measurement (LSM) >8 kPa, and >12 kPa indicated the presence of hepatic
FAST score steatosis, clinically significant fibrosis, and advanced fibrosis, respectively.

liver fibrosis Results: The prevalence of MetALD was 4 % (N=287), compared to 24 % (N=2049) for MASLD and 7 % (N=486) for

ALD. The prevalence of significant fibrosis and advanced fibrosis in MetALD was 10.8 % and 3.1 %, respectively,
compared to 24.7 % and 9.8 % in MASLD, and 15 % and 8 % in ALD. Logistic regression analysis among MetALD
patients showed that higher body mass index (BMI) (odds ratio [OR]: 1.15, 95 % CI: 1.08-1.23, P<0.01) and diabe-
tes mellitus (DM) (OR: 3.0, 95 % CI: 1.06-6.2, P<0.01) were associated with an increased risk of fibrosis. These fac-
tors were also identified as independent risk factors for fibrosis in patients with MASLD and ALD.
Conclusions: MetALD had the lowest prevalence and fibrosis severity among the three groups of SLD. Elevated
BMI and DM were associated with the severity of liver disease, and these findings provide a rationale for the
use of obesity- and diabetes-targeted medications in these individuals.
© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Since 2020, many international experts have been working to
replace the acronym non-alcoholic fatty liver disease (NAFLD) with
one that describes the condition more accurately and adequately [1].

Abbreviations: AASLD, American association for the study of the liver diseases; ALD,
alcohol liver disease; BMI, body mass index; CAP, controlled attenuation parameter;
CI, confidence interval; CSF, clinically significant fibrosis; DM, diabetes mellitus; FAST,
FibroScan-aspartate aminotransferase; FIB-4, fibrosis 4; GLP-1, glucagon-like peptide-
1; HbA1c, HemoglobinAlc; HDL, high-density lipoprotein; HR, hazard ratio; IQR/M,
interquartile range median; M, medium; MASLD, metabolic dysfunction-associated
steatotic liver disease; MASH, metabolic dysfunction-associated steatohepatitis; MEC,
Mobile Examination Center; MetALD, Metabolic dysfunction and alcohol-associated
steatotic liver disease; NAS, NAFLD activity score; NAFLD, Non-alcoholic fatty liver dis-
ease; NCHS, National Center for Health Statistics; NHANES, National health and nutri-
tion examination surveys; OR, odds ratio; SLD, steatotic liver disease; US, United
States; VCTE, Vibration-controlled transient elastography; XL, extra-large
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In 2023, metabolic dysfunction-associated steatotic liver disease
(MASLD) was proposed to replace the old acronym [2]. MASLD was
redefined with positive inclusion criteria, including parameters that
specifically define metabolic dysfunction [2]. Due to their excellent
concordance, MASLD and NAFLD were recommended to be used
interchangeably [3]. This change in terminology, however, introduced
a new subgroup in the spectrum of steatotic liver disease (SLD) cate-
gory called metabolic dysfunction and alcohol-associated steatotic
liver disease (MetALD) [4]. This subgroup includes those who meet
the criteria for steatotic liver disease, along with both metabolic dys-
function and significant alcohol consumption, which was not thor-
oughly investigated before due to the clear exclusion of significant
alcohol consumption in the definition of NAFLD [4]. On the other
hand, most patients previously classified as having alcoholic liver dis-
ease (ALD) appeared to align with this new patient group [5].

Recent data suggests that those with MetALD may have a worse
prognosis and overall mortality rate compared to MASLD patients
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[6—11]. A population-based Japanese study by Tamaki et al. revealed
increased liver-related events and mortality in patients with MetALD
compared to those with MASLD (Hazard Ratio [HR]: 1.42 [95 % CI: 1.1
—1.8] and HR: 1.13 [95 % CI: 0.98—1.3], respectively) [9]. On the other
hand, patients with MetALD were shown to experience fewer cardio-
vascular events (HR: 0.68 [95 % CI: 0.63—0.73]) [9]. Similarly, the data
analysis of NHANES (1988-1994) showed an increased risk of all-
cause and cancer-related mortality in MetALD patients compared to
MASLD (HR: 1.45 [95 % CI 1.08-1.96] and HR 2.39 [95 % CI 1.36-4.19],
respectively) [10]. Similar trends were confirmed in another analysis
of this population [12]. In another long-term outcome study, MetALD
group was associated with increased all-cause (HR:1.41 [95 %
CI:1.05-1.89], P=0.022), cancer- (HR: 235 [95 % CI: 1.33-4.16],
P=0.004) and liver- (HR:15.04 [95 % CI: 2.96-76.35], P=0.002) related
mortality compared to non-SLD population [11]. This trend was not
observed in the MASLD population alone [11]. Another analysis
involving a Korean cohort (N=9497) also confirmed the increased risk
of developing advanced fibrosis in those with MetALD [7]. The risk of
having advanced fibrosis increased in the following order: MASLD
(HR: 1.39; 95 % CI: 1.25-1.55; P < 0.001), MetALD (HR: 1.75; 95 % CI:
1.38-2.23; P < 0.001), and alcoholic liver disease (HR: 2.00; 95 % CI:
1.30-3.07; P = 0.002) [7]. Even cardiovascular risk was higher in the
MetALD group compared to MASLD (HR: 1.88 [95 % CI: 1.33-2.65]
and HR: 1.27 [95 % CI: 1.12-1.45] [7]. Moreover, according to a recent
analysis, MetALD was the third leading cause of liver transplantation
in the U.S., with an increasing trend in prevalence since 2013 [13].
Compared to alcoholic liver disease, those patients had a worse trans-
plant outcome [13]. All these recent data indicate significantly higher
mortality and liver-related complications for MetALD. Therefore, any
insights that would allow for effective lifestyle and therapeutic inter-
ventions are urgently needed to address the significant challenges
MetALD poses to healthcare providers.

The recent nomenclature lists individuals with MetALD on a spec-
trum, ranging from those with a predominance of MASLD features to
those with predominantly ALD characteristics [2,4]. Importantly, the
diagnosis of MetALD requires only one of the five cardiometabolic
risk factors, which introduces significant variability in the disease
profile [2]. For example, a MetALD individual with type 2 diabetes
mellitus (DM), obesity, and multiple other cardiometabolic risk fac-
tors is likely to have a different prognosis compared to someone with
only one risk factor, such as hypertension, but without DM, obesity,
or dyslipidemia. This heterogeneity raises the possibility that not all
individuals with MetALD share the same prognosis, underscoring the
need for nuanced assessment to allow for tailored management strat-
egies. This study addresses the knowledge gap regarding the MetALD
subgroup of SLD, which remains underexplored despite its clinical
significance. Leveraging data from the 2017—-2020 National Health
and Nutrition Examination Surveys (NHANES), we sought to compre-
hensively characterize the MetALD population to identify any modifi-
able clinical characteristics associated with disease severity.

2. Patients and Methods
2.1. Study population

For the analysis, we used the epidemiologic data derived from the
NHANES database between 2017 and 2020, representing the United
States population (US). The NHANES is a major initiative by the
National Center for Health Statistics, a part of the Centers for Disease
Control and Prevention, responsible for generating health statistics
for the country. An experienced technician obtained the elastography
measurements in the NHANES Mobile Examination Center (MEC)
using the FibroScan model 502 Touch equipped with a medium (M)
or extra-large (XL) wand (probe). The NCHS institutional review
board approved the study, and all participants provided their written
informed consent. A detailed description of the study methodology,
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including questionnaires, physical examinations, sample design, and
estimation procedures, has been published elsewhere [14,15]. Fur-
ther information on quality assurance and quality control measures
considered for vibration-controlled transient elastography (VCTE)
procedures is also publicly available elsewhere [16].

A total of 10,409 individuals aged >12 years were eligible for VCTE
assessment. Of them, we excluded 748 with partial results (fasting
<3 hours, unable to obtain 10 valid measures, IQR/M >30 %), 386
were ineligible, and 252 whose VCTE were not performed. We further
excluded children (<18 years), then adult participants with positivity
for hepatitis C and B, and those taking steatogenic medications,
reporting no information on alcohol intake, and with missing clinical
and laboratory data to classify people with metabolic syndrome.

2.2. Anthropometric, clinical, and laboratory data

The survey included anthropometric and demographic data, inter-
views, physical examination, and laboratory data. The patients were
classified according to body mass index (BMI) following the recom-
mendations of the World Health Organization [17]. According to a
standardized method, laboratory tests were performed using a Hita-
chi 737 automated multi-channel chemistry analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN).

2.3. Defining SLD, MASLD, MetALD and ALD

SLD was defined using VCTE measurements. A controlled attenua-
tion parameter (CAP) value >285 dB/m was considered as the pres-
ence of hepatic steatosis [18]. Liver stiffness measurement (LSM) >8
kPa and >12 kPa indicated significant fibrosis (F>2) and advanced
fibrosis (F>3), respectively [19]. Individuals suspected to have clini-
cally significant fibrosis (CSF), i.e.,, F>2 with steatohepatitis, were
identified based on FAST score of 0.35 [20]. SLD phenotypes were
defined by AASLD guidelines [19]. MASLD was defined in patients
with hepatic steatosis, at least one cardiometabolic risk factor, and a
lack of significant alcohol intake (<20 gr/day for women and
<30 gr/day for men). Cardiometabolic risk factors were defined as fol-
lows: (1) BMI > 25 kg/m? or waist circumference > 94 cm for men
and > 80 cm for women, (2) fasting blood glucose > 100 mg/dL or
HbAlc > 5.7 %, (3) blood pressure levels > 130/85 mmHg or presence
of antihypertensive treatment, (4) plasma triglycerides > 150 mg/dL
or lipid-lowering treatment, and (5) High-density lipoprotein (HDL)
< 40 mg/dL for men and < 50 mg/dL for women or lipid-lowering
treatment. Patients with SLD who reported 20-49 gr/day for women
and 30-59 gr/day for men of alcohol consumption and fulfilled at
least 1 criterion for metabolic dysfunction were classified as MetALD.
ALD was considered by the presence of SLD and alcohol intake
between >50 g/d in females and >60 g/d in males. Those without any
explanation for SLD were considered cryptogenic SLD.

2.4. Statistical analysis

We used the sample weights recommended by NHANES to
account for the survey’s complex sampling design. The weighted
means and percentages for demographic factors were estimated with
a confidence interval (CI) of 95 %. Continuous variables were com-
pared using the students t-test and categorical using the design-
adjusted Rao-Scott chi-square test. Logistic regression analyses
examined the association between significant fibrosis and fibrosis
stage 2 with steatohepatitis, BMI, and DM. All multivariable analyses
were systematically adjusted for age, sex, race and ethnicity, and the
variable of interest. All analyses used SAS version 9.4 (SAS Institute
Inc, Cary, NC) and Stata MP Version 18.5 (StataCorp, College Station,
TX). A 2-tailed value of P < 0.05 was considered statistically signifi-
cant.
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Table 1
Baseline characteristic of individuals with the three phenotypes of steatotic liver disease, MASLD, MetALD and ALD in NHANES cycle 2017-2020
(N=2822).
MASLD cohort MetALD cohort ALD cohort P value*
Weighted mean or percentage ~ Weighted mean or percentage =~ Weighted mean or percentage
(95 % CI) (95 %CI) (95 %CI)
N=2049 N=287 N=486
Age, years 52.4(51.2-53.7) 45.5 (42.4-48.6) 49.5 (46.7-52.5) <0.01
Male 52.3 (48.7-55.9) 69.9 (62.1-76.8) 73.8 (68.7-78.3) <0.01
Race/ethnicity 0.29
Non-Hispanic White 60 0(52.9-66.7) 62 4(51.9-71.8) 65.7 (57.6-72.9)
Non-Hispanic Black 3(6.7-12.8) 9(3.7-9.2) 7.5(5.1-10.7)
Hispanic 20 5(16.3-25.4) 23 5 (16.6-32.2) 20.0(15.3-25.8)
Other 10.2(7.7-13.3) .2 (5.1-13.1) 6.8 (4.1-11.1)
Comorbidities
Body mass index (kg/m?) 35.7(35.2-36.3) 33.9(32.6-35.3) 33.2(32.3-34.1) <0.01
<0.01
<25 4(2.4-49) .1(0.5-2.2) 49(2.9-8.1)
25-29.9 19 4 (16.8-22.3) 29 2(22.3-37.4) 26.3(21.3-32.0)
30-34.9 29.5(26.5-32.7) 32.2(25.3-39.9) 39.3(32.1-46.9)
>35 47.6 (44.0-51.2) 37.5(29.7-46.0) 29.5(24.1-35.5)
Waist circumference (cm) 114.7 (113.4-115.9) 111.0(108.2-113.8) 111.6 (109.7-113.5) <0.01
Central obesity 88.9 (87.0-90.5) 82.4(73.1-88.9) 83.4(76.0-88.9) 0.09
Diabetes mellitus 25.4(22.8-28.1) 20.4(15.2-26.8) 14.5(10.7-19.4) <0.01
Smoking status <0.01
Never 62.9 (59.1-66.5) 51.1(40.6-61.5) 38.7(33.2-44.4)
Former 23.7(20.6-27.1) 34.2(25.0-44.8) 35.6(30.5-41.0)
Current 13.5(10.4-17.2) 14.7 (9.8-21.4) 25.7(20.9-31.3)
Laboratory panel
Total cholesterol (mg/dl) 186.2 (182.6-189.6) 189.0 (177.6-200.4) 203.0(197.3-208.7) <0.01
Triglycerides (mg/dl) 177.8(170.3-185.4) 197.1(173.7-220.4) 179.0(163.9-194.2) 0.79
High density lipoprotein (mg/dl) 45.1 (44.2-46.0) 44.9 (43.2-46.5) 51.5(49.2-53.8) <0.01
Fasting glucose (mg/dl) 108.4(105.8-111.1) 108 9(100.3-117.5) 101.3 (98.4-104.2) <0.01
HemoglobinAlc ( %) 6.03(5.9-6.1) .9 (5.6-6.1) 5.6 (5.5-5.7) <0.01
Alanine transaminase (U/L) 27.8 (26.6-29.0) 26 8(24.2-29.4) 37.4(34.3-40.5) <0.01
Aspartate transaminase (U/L) 22.5(21.9-23.1) 22.0(20.5-23.5) 28.7 (26.4-31.0) <0.01
Gammaglutamyl transferase (U/L) 33.4(30.8-36.0) 36.0(30.7-41.3) 51.9 (45.9-57.9) <0.01
Platelet x 10°/L 257 (252-262) 245 (234-256) 242 (235-249) <0.01
Total bilirubin (mg/dl) 0.43 (0.41-0.45) 0.42 (0.39-0.45) 0.49 (0.45-0.53) 0.01
Non-invasive tests
Liver stiffness measurement (kPa) 7.8(6.9-8.5) 6.5(5.0-7.9) 7.1(6.2-7.9) <0.01
Significant fibrosis
LSM >8 kPa 24.7 (21.1-28.7) 10.8 (6.6-17.3) 15.0(10.6-20.8) <0.01
Advanced fibrosis
LSM >12 kPa 9.8 (7.5-12.6) 3.1(1.3-7.5) 8.0 (5.7-8.0) 0.01
FIB-4 >2.67 1.3(0.9-1.8) 0.1(0.02-0.8) 3.1(1.8-5.3) <0.01
Significant fibrosis with steatohepatitis
FAST >0.35 16.7 (14.1-19.8) 10.9 (6.3-18.3) 26.0(21.7-30.9) <0.01

* Continuous variables were compared using linear regression and categorical variables using the Rao-Scott chi-square tests. FIB-4: Fibrosis 4, FAST:
FibroScan-aspartate aminotransferase (FAST) score of >0.35 identifies metabolic dysfunction-associated steatohepatitis (MASH) patients with NAFLD
activity score (NAS > 4) and significant fibrosis (> F2) on liver biopsy with >90 % sensitivity. MASLD: metabolic dysfunction-associated steatotic liver dis-
ease, MetALD: Metabolic dysfunction and alcohol-associated steatotic liver disease, ALD: alcoholic liver disease, NHANES: National Health and Nutrition
Examination Surveys, LSM: liver stiffness measurement, FIB-4: Fibrosis-4, FAST: FibroScan-aspartate aminotransferase, NAS: NAFLD activity score.

2.5. Ethical Statement

The NCHS institutional review board approved the study, and all
participants provided their written informed consent. As this analysis
was based on publicly available and de-identified data from NHANES,
no additional ethical approval was required.

3. Results

After applying exclusion criteria, 7745 patients from the NHANES
database were suitable for analysis. The weighted percentages for the
prevalence of non-SLD, MASLD, MetALD, ALD, and cryptogenic SLD
were as follows: 64 % (N=4,864), 24 % (N=2049), 4 % (N=287), 7 %
(N=486) and 1 % (N=59). Age-adjusted population estimates are
53,715.417 for MASLD, 9,234.156 for MetALD, and 15,859.370 for
ALD. The clinical characteristics of the patients with MASLD, MetALD,
and ALD are depicted in Table 1. The prevalence of clinically signifi-
cant fibrosis (CSF) and advanced fibrosis among patients with

MetALD was 10.8 % (95 % CI: 6.6-17.3) and 3.1 % (95 % CI: 1.3-7.5),
respectively. In comparison, patients with MASLD showed signifi-
cantly higher rates, with 24.7 % for significant fibrosis and 9.8 % for
advanced fibrosis (P<0.001), compared to both MetALD and ALD.
Conversely, CSF with steatohepatitis (FAST > 0.35) was highest
among patients with ALD, reaching 26 % (P<0.001).

The logistic regression analysis demonstrated that both BMI and
DM are significant predictors of significant fibrosis across all groups
(MetALD, MASLD, and ALD), with associations adjusted for age, sex,
and race/ethnicity (Table 2). For MetALD, higher BMI (OR 1.15; 95 %
CI: 1.08-1.23, P<0.01) and DM (OR 3.0; 95 % CI: 1.06-6.2, P<0.01)
were strongly associated with fibrosis severity. Similarly, in MASLD,
BMI (OR 1.13; 95 % CI: 1.11-1.15, P<0.01) and DM (OR 2.8; 95 % CI:
1.9-4.4, P<0.01) showed strong associations. Similar associations
were also seen in ALD with BMI (OR 1.12; 95 % CI: 1.07-1.17, P<0.01)
and DM (OR 3.1; 95 % CI: 1.5-6.6, P<0.01). Overall, DM remained a
robust predictor of significant fibrosis in all three groups of SLD.
Table 3 shows the association between BMI, DM, and CSF with
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Table 2
Associations between BMI and diabetes mellitus and significant fibrosis among MetALD,
MASLD, and ALD.

Significant fibrosis

Univariate Multivariable

OR (95 % CI)? Pvalue OR(95%CI)* P value

MetALD
BMI (continuous)
Diabetes mellitus (yes)
MASLD
BMI (continuous)
Diabetes mellitus (yes)
ALD
BMI (continuous)
Diabetes mellitus (yes)

1.12(1.06-1.19)  <0.01
26(1.2-57)  <0.01

1.15(1.08-123)  <0.01
30(1.06-62) <001

1.11(1.09-1.14)  <0.01
23(1.6-33)  <0.01

1.13(1.11-1.15)  <0.01
28(1.9-44) <001

1.08(1.02-1.14) <001  1.12(1.07-1.17) <0.01
32(15-67) <001 31(1.5-66)  <0.01

2 All analyses adjusted for age, sex, and race/ethnicity. MASLD: metabolic dysfunc-
tion-associated steatotic liver disease, MetALD: Metabolic dysfunction and alcohol-
associated steatotic liver disease, ALD: alcoholic liver disease, BMI: body mass index,
OR: odds ratio, CI: confidence interval.

Table 3

Associations between BMI and diabetes mellitus and presence of clinically significant
fibrosis with steatohepatitis among MetALD, MASLD, and ALD. Results based on logistic
regression analysis.

Clinically significant fibrosis with steatohepatitis

Univariate Multivariable

OR (95 % CI)? Pvalue OR(95%CI)* P value

MetALD
BMI (continuous)
Diabetes mellitus (yes)
MASLD
BMI (continuous)
Diabetes mellitus (yes)
ALD
BMI (continuous)
Diabetes mellitus (yes)

1.11(1.04-1.19)  <0.01
2.1(1.2-5.1) 0.04

1.14(1.07-122) <0.01
23(1.1-7.9) 0.03

1.07(1.04-1.10)  <0.01
1.7(12-2.6) 0.01

1.08(1.06-1.11)  <0.01
25(1.7-3.8)  <0.01

1.05(1.01-1.11) 004  1.05(1.01-1.10)  0.02
2.6(1.2-5.7) 002  28(1.4-67) 0.02

2 All analyses adjusted for age, sex, and race/ethnicity. MASLD: metabolic dysfunc-
tion-associated steatotic liver disease, MetALD: Metabolic dysfunction and alcohol-
associated steatotic liver disease, ALD: alcoholic liver disease, BMI: body mass index,
OR: odds ratio, CI: confidence interval.

steatohepatitis across MetALD, MASLD, and ALD, based on logistic
regression analysis. In MetALD group, both BMI (OR 1.14; 95 % CI:
1.07-1.22, P<0.01) and DM (OR 2.3; 95 % CI: 1.1-7.9, P=0.03) were sig-
nificantly associated with the presence of CSF with steatohepatitis in
multivariable analysis. These associations with BMI and DM were
also seen in MASLD and ALD groups (Table 3). Overall, the results
indicate that both BMI and DM are important predictors of both sig-
nificant fibrosis and CSF with steatohepatitis across all groups, with
DM demonstrating a consistently strong association.

4. Discussion

Previous studies have reported varying prevalences of MetALD,
ranging from 1 % to 8 % [6,9,21—23]. These differences in prevalence
rates can also be attributed to data derived from diverse populations,
as well as the use of various methods and thresholds for estimating
hepatic steatosis [6,9,12,21,22]. Additionally, the exclusion strategies
employed to create the groups for analysis also contribute to these
varying prevalence rates [6,9,12,21,22]. In this study, we identified
the prevalence of MetALD as 4 % using a database representative of
the U.S. population using CAP to define the presence of hepatic stea-
tosis. This prevalence rate is in line with the two recently reported
studies using NHANES database with minor differences related to
CAP cut-offs used to define the presence of hepatic steatosis [21,22].
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The current analysis highlights significant variations in demo-
graphic characteristics, BMI, DM prevalence, and smoking habits
among the three cohorts, with distinct clinical profiles for each
group. MetALD individuals were younger compared to MASLD
and ALD, with a higher proportion of males. No significant differ-
ences were observed in racial/ethnic distribution across the
cohorts. MetALD individuals had a lower prevalence of higher cat-
egories of BMI and central obesity. The prevalence of DM was
lower in MetALD compared to MASLD but higher than ALD. The
MetALD cohort demonstrated lipid characteristics that were inter-
mediate compared to MASLD and ALD. Total cholesterol levels in
MetALD were higher than in MASLD but lower than in ALD. Tri-
glyceride levels in MetALD were elevated compared to MASLD
and ALD, though this difference was not statistically significant.
Interestingly, HDL levels in MetALD were similar to MASLD but
significantly lower than ALD. These findings suggest that MetALD
individuals exhibit lipid profiles reflective of both metabolic dys-
function and alcohol-related effects, highlighting the distinct and
complex interplay of these factors in this subgroup.

Since MetALD is a newly proposed term, data about this group of
patients are scarce. However, accumulating evidence indicates a
worse prognosis and more severe liver disease compared to MASLD
alone. Interestingly, in the current study, individuals with MetALD
showed lower LSM values and lower prevalence of significant fibrosis
(LSM >8 kPa) and advanced fibrosis (LSM >12 kPa) compared to
MASLD and ALD. The proportion of individuals with CSF and steato-
hepatitis, as assessed by FAST scores, was also lower in MetALD than
in ALD but slightly higher than MASLD. FIB-4 scores (>2.67) indicat-
ing advanced fibrosis were uncommon in MetALD, with lower preva-
lence than MASLD and ALD. These findings suggest that individuals
with MetALD may have a less severe fibrosis burden than MASLD and
ALD, emphasizing the potential heterogeneity in liver disease pro-
gression within this subgroup. These findings are in contrast to prior
studies that reported an increased risk of advanced fibrosis and liver-
related events in those with MetALD [9—-12]. The discrepancy
between less severe in fibrosis observed in our study and the higher
risk for liver and overall adverse outcomes reported in the prior stud-
ies is interesting. One study from Spain suggested that even moderate
alcohol intake in those with MASLD is associated with an increased
risk of advanced disease to a level similar to that observed in MetALD
[24]. It is possible that the MASLD cohort in the USA is different from
the Spanish cohort in the amount of alcohol consumption. Alterna-
tively, we speculate that MetALD patients may have an accelerated
natural history at an advanced age. Finally, the small sample size of
MetALD limits statistical power, increasing the risk of random varia-
tion and reducing the robustness of conclusions. This and the fact
that NHANES was not designed to assess liver fibrosis risk in MetALD
underscores the need for cautious interpretation. Therefore, it is pos-
sible that we failed to observe the increased severity of liver disease
in the MetALD group due to the younger age group. We do not think
our analysis is flawed since similar findings using slightly different
LSM cut-offs for defining clinically significant fibrosis and advanced
fibrosis by a separate group of investigators in the same NHANES
database also reported a lower prevalence of CSF and advanced fibro-
sis in the MetALD group compared to MASLD [21].

In the current study, we used LSM cut-offs of 8 kPa and 12kPa,
unlike the cut-offs used by Kalligeros M et al. for the identification of
CSF (>8.6 kPa) and advanced fibrosis (>13.1 kPa), respectively [21].
Our rationale for using 8kPa for significant fibrosis and 12kPa for
advanced fibrosis is based on the cut-offs suggested in the recent
guidance on MASLD for referral from primary care to specialized hep-
atology care [4,18,19]. Nevertheless, irrespective of the cut-offs used
and slightly different prevalence rates, both analyses show a lower
prevalence of significant fibrosis and advanced fibrosis in MetALD
than in MASLD. The levels of FIB4, a blood-based biomarker of fibro-
sis, also reinforce this observation.
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Higher BMI and DM were significant risk factors for the presence
of significant fibrosis and CSF with steatohepatitis across patients
with MASLD, MetALD, and ALD. This trend was reported in prior
studies in SLD and MASLD [21,23]. The current study delves deeper
and highlights the commonality of these risk factors across the spec-
trum of SLD. This analysis is critical to better understanding the
unique features of MetALD and informing targeted management
strategies for this heterogeneous and complex condition. Both DM
and obesity are modifiable risk factors and are amenable to interven-
tions through lifestyle and therapeutic options. Current management
strategies for obesity include targeting at least 5 % body weight loss,
adopting a Mediterranean diet, engaging in regular exercise, and, in
selected cases, considering bariatric surgery, which is also recom-
mended for the treatment of MASLD. Additionally, glucagon-like pep-
tide-1 (GLP-1) receptor agonists or GLP-1/glucose-dependent
insulinotropic polypeptide coagonists are prescribed in cases of obe-
sity or diabetes. These treatments address comorbidities and have
shown potential benefits for liver health, supporting their encourage-
ment in clinical practice.

A few aspects of the current study need further clarification. Some
characteristics of the disease definitions may not be critically evalu-
ated, as they are based on a self-report system. Notably, 25 % of
MASLD patients tended to underestimate their alcohol consumption
[25]. Furthermore, there is some suggestion that there is a supra-
additive effect of cumulative alcohol consumption. For instance,
Marti-Aguado et al. found that even low levels of alcohol consump-
tion increased the risk of significant fibrosis, while moderate alcohol
consumption doubled the risk of developing significant fibrosis in
patients with MASLD [24]. Additionally, the presence of multiple car-
diometabolic risk factors also cumulatively increased the risk of sig-
nificant fibrosis [24]. Therefore, the inconsistencies in the data
regarding the impact of alcohol consumption on the severity of the
metabolic disease must be considered in line with the characteristics
of the studied group. Another modifiable characteristic we did not
address systematically was the relationship between smoking and
MetALD. The smoking status distribution in the MetALD cohort
showed intermediate characteristics between MASLD and ALD. In the
current study, former smokers were more common in MetALD than
MASLD, with rates similar to ALD. Current smoking rates in MetALD
were slightly higher than MASLD but significantly lower than ALD.
These findings suggest that smoking, particularly current and former
smoking, may contribute to the heterogeneity in the MetALD popula-
tion, reflecting its overlapping characteristics with both MASLD and
ALD.

5. Conclusions

Our study demonstrated a prevalence of MetALD at 4 %, slightly
higher than prior studies. The fibrosis severity of MetALD was the
lowest among the three groups of SLD and was associated with
increased BMI and the presence of DM. These two modifiable factors
were also associated with the severity of liver disease in MASLD and
ALD. The current findings provide some rationale for implementing
strategies aimed at weight loss and improved diabetes management,
but further studies are necessary to demonstrate the benefit of such
interventions.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of interests

None.

Annals of Hepatology 30 (2025) 101907
CRediT authorship contribution statement

Eda Kaya: Conceptualization, Writing - original draft, Writing -
review & editing. Eduardo Vilar-Gomez: Conceptualization, Data
curation, Formal analysis. Raj Vuppalanchi: Conceptualization, Writ-
ing - original draft, Writing - review & editing. Yusuf Yilmaz: Writ-
ing - review & editing.

References

[1] Yilmaz Y, Byrne CD, Musso G. A single-letter change in an acronym: signals, rea-
sons, promises, challenges, and steps ahead for moving from NAFLD to MAFLD.
Expert Rev Gastroenterol Hepatol 2021;15:345-52. https://doi.org/10.1080/
17474124.2021.1860019.

Rinella ME, Lazarus ]V, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A

multisociety Delphi consensus statement on new fatty liver disease nomen-

clature. Ann  Hepatol 2024;29(1):101133.  https://doi.org/10.1016/j.
aohep.2023.101133.

Younossi ZM, Paik JM, Stepanova M, Ong ], Alqahtani S, Henry L. Clinical profiles

and mortality rates are similar for metabolic dysfunction-associated steatotic

liver disease and non-alcoholic fatty liver disease. ] Hepatol 2024;80(5):694-701.
https://doi.org/10.1016/j.jhep.2024.01.014.

Kanwal F, Neuschwander-Tetri BA, Loomba R, Rinella ME. Metabolic dysfunction-

associated steatotic liver disease: update and impact of new nomenclature on the

American Association for the Study of Liver Diseases practice guidance on nonal-

coholic fatty liver disease. Hepatology 2024;79(5):1212-9. https://doi.org/

10.1097/HEP.0000000000000670.

Fouad Y, Kawaguchi T, Yilmaz Y. Impact of the MetALD terminology on the preva-

lence of alcohol-related fatty liver disease in US adults (2017-2020). Liver Int

2024;44(11):3112-3 Nov. https://doi.org/10.1111/liv.16089.

Chen YT, Chen TI, Yang TH, Yin SC, Lu SN, Liu XR, et al. Long-term risks

of cirrhosis and hepatocellular carcinoma across steatotic liver disease subtypes.

Am ] Gastroenterol 2024;119(11):2241-50. https://doi.org/10.14309/ajg.

0000000000002778.

Choe HJ, Moon JH, Kim W, Koo BK, Cho NH. Steatotic liver disease predicts cardio-

vascular disease and advanced liver fibrosis: A community-dwelling cohort study

with 20-year follow-up. Metabolism 2024;153:155800. https://doi.org/10.1016/j.
metabol.2024.155800.

Israelsen M, Torp N, Johansen S, Hansen CD, Hansen ED, Thorhauge K, et al. Vali-

dation of the new nomenclature of steatotic liver disease in patients with a his-

tory of excessive alcohol intake: an analysis of data from a prospective cohort
study. Lancet Gastroenterol Hepatol 2024;9(3):218-28. https://doi.org/10.1016/

S2468-1253(23)00443-0.

Tamaki N, Kimura T, Wakabayashi SI, Umemura T, Kurosaki M, Loomba R, et al.

Long-term clinical outcomes in steatotic liver disease and incidence of liver-

related events, cardiovascular events and all-cause mortality. Aliment Pharmacol

Ther 2024;60(1):61-9. https://doi.org/10.1111/apt.18015.

[10] Kim D, Wijarnpreecha K, Cholankeril G, Ahmed A. Metabolic dysfunction-associ-
ated steatotic liver disease and all-cause/cause-specific mortality among adults in
the United States. ] Hepatol 2024;80(2):e79-81. https://doi.org/10.1016/j.
jhep.2023.09.014.

[11] Kwak M, Kim HS, Jiang ZG, Yeo YH, Trivedi HD, Noureddin M, et al. MASLD/Met-
ALD and mortality in individuals with any cardio-metabolic risk factor: A popula-
tion-based study with 26.7 years of follow-up. Hepatology 2025;81(1):228-37.
https://doi.org/10.1097/HEP.0000000000000925.

[12] Kim D, Wijarnpreecha K, Cholankeril G, Ahmed A. Steatotic liver disease-associ-
ated all-cause/cause-specific mortality in the United States. Aliment Pharmacol
Ther 2024;60(1):33-42. https://doi.org/10.1111/apt.18011.

[13] Ochoa-Allemant P, Serper M, Wang RX, Tang H, Ghandour B, Khan S, et al. Wai-
tlisting and liver transplantation for MetALD in the United States: an analysis of
the UNOS national registry. Hepatology 2025;81(2):532-45. https://doi.org/
10.1097/HEP.0000000000000914.

[14] Chen TC, Clark ], Riddles MK, Mohadjer LK, Fakhouri THI. National Health and
Nutrition Examination Survey, 2015-2018: sample design and estimation proce-
dures. Vital Health Stat 2020;2:1-35.

[15] Prevention CfDCa. About the National Health and Nutrition Examination Survey.
Volume 2021.

[16] Centers for disease control and prevention. National Health and Nutrition Exami-
nation Survey (NHANES), 2021. Liver Ultrasound Elastography Procedures Man-
ual; 2018.

[17] Obesity: preventing and managing the global epidemic. Report of a WHO consul-
tation, 894. World Health Organ Tech Rep Ser; 2000. p. 1-253.

[18] European Association for the Study of the Liver (EASL). European Association for
the Study of Diabetes (EASD); European Association for the Study of Obesity
(EASO). EASL-EASD-EASO Clinical Practice Guidelines on the management of met-
abolic dysfunction-associated steatotic liver disease (MASLD). ] Hepatol 2024;81
(3):492-542. https://doi.org/10.1016/j.jhep.2024.04.031.

[19] Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, Abdelmalek MF, Caldwell S,
Barb D, et al. AASLD practice guidance on the clinical assessment and manage-
ment of nonalcoholic fatty liver disease. Hepatology 2023;77(5):1797-835.
https://doi.org/10.1097/HEP.0000000000000323.

[20] Newsome PN, Sasso M, Deeks ]J], Paredes A, Boursier J, Chan WK, et al. FibroScan-
AST (FAST) score for the non-invasive identification of patients with non-

[2

3

[4

[5

[6

[7

[8

9


https://doi.org/10.1080/17474124.2021.1860019
https://doi.org/10.1080/17474124.2021.1860019
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1016/j.aohep.2023.101133
https://doi.org/10.1016/j.jhep.2024.01.014
https://doi.org/10.1097/HEP.0000000000000670
https://doi.org/10.1097/HEP.0000000000000670
https://doi.org/10.1111/liv.16089
https://doi.org/10.14309/ajg.0000000000002778
https://doi.org/10.14309/ajg.0000000000002778
https://doi.org/10.1016/j.metabol.2024.155800
https://doi.org/10.1016/j.metabol.2024.155800
https://doi.org/10.1016/S2468-1253(23)00443-0
https://doi.org/10.1016/S2468-1253(23)00443-0
https://doi.org/10.1111/apt.18015
https://doi.org/10.1016/j.jhep.2023.09.014
https://doi.org/10.1016/j.jhep.2023.09.014
https://doi.org/10.1097/HEP.0000000000000925
https://doi.org/10.1111/apt.18011
https://doi.org/10.1097/HEP.0000000000000914
https://doi.org/10.1097/HEP.0000000000000914
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0014
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0014
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0014
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0016
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0016
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0016
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0017
http://refhub.elsevier.com/S1665-2681(25)00132-2/sbref0017
https://doi.org/10.1016/j.jhep.2024.04.031
https://doi.org/10.1097/HEP.0000000000000323

E. Kaya, E. Vilar-Gomez, R. Vuppalanchi et al.

[21]

[22]

alcoholic steatohepatitis with significant activity and fibrosis: a prospective deri-
vation and global validation study. Lancet Gastroenterol Hepatol 2020;5(4):362-
73. https://doi.org/10.1016/S2468-1253(19)30383-8.

Kalligeros M, Vassilopoulos A, Vassilopoulos S, Victor DW, Mylonakis E, Noured-
din M. Prevalence of steatotic liver disease (MASLD, MetALD, and ALD) in the
United States: NHANES 2017-2020. Clin Gastroenterol Hepatol 2024;22(6):1330-
2. https://doi.org/10.1016/j.cgh.2023.11.003.

Lee BP, Dodge ]JL, Terrault NA. National prevalence estimates for steatotic
liver disease and subclassifications using consensus nomenclature. Hepa-
tology 2024;79(3):666-73. https://doi.org/10.1097/HEP.0000000000000604.

Annals of Hepatology 30 (2025) 101907

[23] Petrie E, Gray M, Bril F. Metabolic characteristics of patients with MetALD: caveats of
a new definition. Liver Int 2024;44(11):2929-38. https://doi.org/10.1111/liv.16034.

[24] Marti-Aguado D, Calleja JL, Vilar-Gomez E, Iruzubieta P, Rodriguez-Duque ]C, Del Bar-
rio M, et al. Low-to-moderate alcohol consumption is associated with increased fibro-
sis in individuals with metabolic dysfunction-associated steatotic liver disease. ]
Hepatol 2024;81(6):930-40. https://doi.org/10.1016/j.jhep.2024.06.036.

[25] Staufer K, Huber-Schonauer U, Strebinger G, Pimingstorfer P, Suesse S, Scherzer
TM, et al. Ethyl glucuronide in hair detects a high rate of harmful alcohol con-
sumption in presumed non-alcoholic fatty liver disease. ] Hepatol 2022;77
(4):918-30. https://doi.org/10.1016/j.jhep.2022.04.040.


https://doi.org/10.1016/S2468-1253(19)30383-8
https://doi.org/10.1016/j.cgh.2023.11.003
https://doi.org/10.1097/HEP.0000000000000604
https://doi.org/10.1111/liv.16034
https://doi.org/10.1016/j.jhep.2024.06.036
https://doi.org/10.1016/j.jhep.2022.04.040

	Body mass index and diabetes predict severity of liver fibrosis across the spectrum of steatotic liver disease
	1. Introduction
	2. Patients and Methods
	2.1. Study population
	2.2. Anthropometric, clinical, and laboratory data
	2.3. Defining SLD, MASLD, MetALD and ALD
	2.4. Statistical analysis
	2.5. Ethical Statement

	3. Results
	4. Discussion
	5. Conclusions
	Funding
	Declaration of interests
	CRediT authorship contribution statement
	References


