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characterization of these conditions. This study aimed to explore the demographic and clinical features of
these liver diseases.
Materials and Methods: Data from the 2017—2020 National Health and Nutrition Examination Survey identi-
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Keywords:
MASLD fied 3755 participants with steatotic liver disease (SLD) using ultrasound transient elastography. The partici-
Met-ALD pants were categorized into MASLD, Met-ALD, alcoholic liver disease, and cryptogenic SLD.

Steatosis grade Results: MASLD patients were older and more likely to be female, with higher T2DM prevalence (19.38 % vs
T2DM 9.39% in Met-ALD, P = 0.028). Compared to MASLD, Met-ALD group showed higher liver enzymes (alanine
Alcohol consumption aminotransferase, aspartate aminotransferase, gamma-glutamyltransaminase; all P < 0.001). In MASLD, stea-
tosis (OR: 1.95, 95%CI: 1.62—-2.35, P < 0.0001) and fibrosis (OR: 1.60, 95% CI: 1.36—1.88, P < 0.0001) were
associated with increased T2DM risk, whereas moderate alcohol consumption reduced this risk (OR: 0.94,
95% CI: 0.91-0.97, P = 0.001). T2DM was a strong predictor of advanced fibrosis (> F3) in MASLD (OR: 2.27,
95% ClI: 1.76—2.93, P < 0.0001). In Met-ALD, hypertension (OR: 8.81, 95% CI: 1.50—133.50, P = 0.040) and

T2DM (OR: 13.35,95 % CI: 2.66—85.72, P = 0.002) were risk factors for advanced fibrosis.
Conclusions: While MASLD is characterized by metabolic dysfunction, Met-ALD demonstrates more pro-
nounced hepatocellular injury. Liver elastography is essential for both fibrosis assessment and cardiometa-
bolic risk stratification. The potential protective effect of moderate alcohol consumption on T2DM in MASLD

deserves further investigation.

© 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 (NAFLD). This increase is largely driven by the worldwide increase in
obesity, type 2 diabetes mellitus (T2DM), and other metabolic disor-
ders [1—4]. In response to these trends, there has been a shift in ter-
minology to better reflect the primary causes and reduce the stigma
associated with the term “nonalcoholic”. Consequently, NAFLD has
been redefined as metabolic dysfunction-associated steatotic liver
disease (MASLD) [5]. This new nomenclature emphasizes that the dis-
ease primarily arises from metabolic dysfunction rather than alcohol
consumption, which can help to focus both clinical and public health

There has been a significant global increase in the prevalence of
fatty liver disease, particularly nonalcoholic fatty liver disease
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diastolic blood pressure; F2, significant fibrosis; F3, advanced fibrosis; F4, cirrhosis;

FIB-4, fibrosis 4 score; GGT, gamma-glutamyltransferase; GLU, blood glucose; HDL,
high-density lipoprotein; LSM, liver stiffness measurement; MASLD, metabolic dys-
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efforts on the metabolic roots of the condition. Furthermore, this shift
in terminology recognizes the importance of accurately identifying
the spectrum of liver diseases that can coexist with metabolic risk
factors. To further illustrate the relationship between metabolic dys-
function and alcohol intake in liver disease development, a new con-
cept, metabolic-associated alcoholic liver disease (Met-ALD), was
introduced. Met-ALD refers to liver disease in individuals who con-
sume alcohol above the threshold for MASLD but also exhibit meta-
bolic risk factors such as obesity, insulin resistance, and dyslipidemia
|6,7]. This refined classification offers a more detailed understanding
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of the disease mechanisms and can help guide more targeted thera-
peutic approaches.

While previous findings on NAFLD remain applicable under the
new MASLD definition [8], studies on MASLD are growing [9,10], and
the concept of Met-ALD is still relatively new, with few studies avail-
able. A noticeable gap remains in studies that directly compare the
clinical features of MASLD and Met-ALD. Although the revised termi-
nology enhances our understanding of these conditions, further
research is needed to clarify the unique characteristics, progression,
and outcomes of each category fully.

Given the frequent use of the National Health and Nutrition
Examination Survey (NHANES) database in recent NAFLD research
[11-13], and the strong diagnostic value of liver ultrasound transient
elastography in steatotic liver disease (SLD) [14—16], this study
aimed to compare the demographic and clinical features of MASLD
and Met-ALD using the NHANES database. Additionally, we examined
the prevalence of cardiometabolic diseases across these groups.

2. Materials and Methods
2.1. Study design and data collection

This study used data from the 2017 to 2020 cycles of the NHANES,
a cross-sectional survey conducted by the National Center for Health
Statistics under the United States Centers for Disease Control and Pre-
vention (CDC). The NHANES collects data through interviews, physi-
cal examinations, and laboratory assessments, employing a complex,
multistage, stratified, and clustered probability sampling method.
The study was approved by the CDC’s Ethics Review Board, and all
participants provided written informed consent [11].

As illustrated in Fig. 1, we gathered demographic data, examina-
tion data (including blood pressure, body measurements, and liver
ultrasound transient elastography), laboratory data (such as high-

Participants in NHANES 2017-2020
(n = 8965)
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density lipoprotein (HDL), cholesterol, hepatitis B surface antibody,
hepatitis C RNA and standard biochemistry profiles), and question-
naire data (covering alcohol use, diabetes, hepatitis, medical condi-
tions, and prescription medications) from a total of 8965 participants.
After excluding those with incomplete data, patients with viral hepa-
titis, autoimmune hepatitis, or other liver diseases, and participants
without features indicative of SLD or MASLD cirrhosis, we ultimately
included 3755 individuals in the analysis. This cohort consisted of
3452 individuals with MASLD, 185 with Met-ALD, 78 with alcoholic
liver disease (ALD), and 40 with cryptogenic SLD.

2.2. Diagnosis of liver steatosis and fibrosis stages

All participants in the study had valid liver elastography measure-
ments that were conducted at the NHANES Mobile Examination Cen-
ter using the FibroScan® model 502 V2 Touch. Depending on the
participant’s body type, either a medium (M) or an extra-large (XL)
probe was used. The controlled attenuation parameter (CAP) value
was applied to evaluate liver steatosis, with thresholds set at 248 dB/
m for mild steatosis (S1), 268 dB/m for moderate steatosis (S2), and
294 dB/m for severe steatosis (S3) [14].

The liver stiffness measurement (LSM) value was used to assess
liver fibrosis. For fibrosis staging, an LSM value of 8.2 kPa or greater
indicated stage > F2 (significant fibrosis), 9.7 kPa or greater indicated
stage > F3 (advanced fibrosis), and 13.6 kPa or higher was used to
classify cirrhosis (F4) [15].

2.3. Definitions of the MASLD, Met-ALD, ALD and cryptogenic SLD
categories

A standard drink was defined as containing 14 g of pure alcohol,
and the data from the alcohol use questionnaire were converted
accordingly. Based on the diagnostic criteria from the American

Liver ultrasound transient elastography (n = 655)

Body measures and blood pressure (n = 690)

Incomplete data (n = 2272)

Alcohol use (n = 456)

Laboratory data (n = 471)

Participants with complete data
(n = 6693)

With viral hepatitis, autoimmune hepatitis or

No features suggestive of SLD or MASLD cirrhosis

Excluded participants (n = 2938)

other liver conditions (n = 600)

(n =2338)

Included participants (n = 3755)

MASLD (n = 3452)

Weighted data (n = 108189678)

MASLD (n = 97038804)

Met-ALD (n = 185)
ALD (n=78)
Cryptogenic SLD (n = 40)

Met-ALD (n = 7639744)
ALD (n = 2420954)
Cryptogenic SLD (n = 1090176)

Fig. 1. Study flowchart. ALD, alcoholic liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease; Met-ALD, metabolic and alcohol-related liver disease; SLD,

steatotic liver disease.
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Association for the Study of Liver Diseases [6], patients were catego-
rized as having MASLD if they had a CAP value of > 248 dB/m or a
CAP value of < 248 dB/m with an LSM > 13.6 kPa, along with at least
one cardiometabolic risk factor (BMI adjusted according to Asian-spe-
cific cutoffs), and consumed less than 20 g of alcohol per day for
women or less than 30 g per day for men. When alcohol consumption
increased to 20—50 g/day in women and 30-60 g/day in men, the
condition was classified as Met-ALD. For ALD diagnosis, the CAP value
needed to be > 248 dB/m, with alcohol intake exceeding 50 g/day in
women and 60 g/day in men, with or without the presence of cardio-
metabolic risk factors. Additionally, patients with a CAP value of
> 248 dB/m who did not have other liver diseases, excessive alcohol
consumption, or cardiometabolic risk factors were classified as hav-
ing cryptogenic SLD.

2.4. Diagnosis of hypertension, hyperlipidemia, coronary heart disease
(CHD), heart attack and T2DM

In this study, we obtained the average systolic (SBP) and diastolic
blood pressure (DBP) values from the blood pressure data. Hyperten-
sion was defined as SBP > 140 mmHg, DBP > 90 mmHg [17], or the
use of antihypertensive medications based on the participants’ medi-
cation records. Hyperlipidemia was diagnosed through laboratory
tests if any of the following criteria were met: total cholesterol (TC) >
6.2 mmol/L, triglycerides (TG) > 2.3 mmol/L, HDL < 1 mmol/L [18], or
current use of lipid-lowering medications. Additionally, fasting
plasma glucose (GLU) levels > 7 mmol/L [19] along with information
from the diabetes questionnaire data and the use of medication for
T2DM or related complications, were used to diagnose T2DM and its
associated complications. The incidence rates of CHD and heart attack
were obtained according to data from the medical condition ques-
tionnaire.

2.5. Data weighting and statistical analysis

Given the NHANES complex multistage sampling design, special
sample weights (WTMECPRP) were applied in all analyses to more
accurately reflect the United States population using the survey pack-
age in R. After weighting, the total sample size was 108,189,678 indi-
viduals, including 97,038,804 with MASLD, 7639,744 with Met-ALD,
2420,954 with ALD, and 1090,176 with cryptogenic SLD (Fig. 1). All
subsequent statistical analyses were performed using R software ver-
sion 4.4.1. To assess significance across multiple groups, the Kruskal-
Wallis test, Mann-Whitney U test, and chi-square test were used.
Univariate and multivariate regression analyses were conducted to
examine the associations between variables and the prevalence of
hypertension, hyperlipidemia, CHD, and T2DM in MASLD and Met-
ALD patients. Categorical variables are reported as weighted counts
and proportions, whereas continuous variables are presented as
weighted means + standard errors (SEs). Statistical P values were set
at 0.05.

3. Results
3.1. Demographic and clinical characteristics across SLD subtypes

3.1.1. Demographic characteristics

Table 1 summarizes the demographic profiles of participants
across the MASLD, Met-ALD, ALD, and cryptogenic SLD groups. The
participants with MASLD and Met-ALD were significantly older than
those with cryptogenic SLD (mean age: MASLD 50.63 + 0.72 years,
Met-ALD 48.19 £ 1.72 years, cryptogenic SLD 40.33 £ 2.21 years,
P = 0.004). A sex-based difference was observed: MASLD had a
greater proportion of females (50.78 %), whereas males predominated
in the Met-ALD (86.29%), ALD (90.11%), and cryptogenic SLD
(66.67 %) groups (P = 0.001). In terms of race, non-Hispanic whites
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constituted the majority across all groups. However, Asian individu-
als were more frequently represented in the MASLD (5.28%) and
cryptogenic SLD (5.56%) groups than in the Met-ALD (1.27 %) and
ALD (0.97 %, P = 0.008) groups.

3.1.2. Liver steatosis and fibrosis status

As shown in Table 1, the MASLD group had the highest body mass
index (BMI), waist circumference (WC) and CAP values (mean:
308.34 + 1.28 dB/m), indicating more severe hepatic steatosis. This
was followed by Met-ALD (307.66 <+ 550 dB/m), ALD
(307.84 + 7.09 dB/m), and cryptogenic SLD (263.26 + 3.89 dB/m,
P < 0.0001). We further classified fatty liver based on CAP values and
found that S3 was predominant in MASLD (56.78%), Met-ALD
(45.38%), and ALD (53.47 %), whereas cryptogenic SLD had more S1
cases (67.81%, P = 0.003). No significant difference was found in the
distribution of steatosis grades between the MASLD and Met-ALD
groups (P = 0.657). Regarding liver fibrosis assessment, no significant
differences were observed in LSM values, fibrosis 4 (FIB-4) scores or
liver fibrosis stages across all subtypes.

Additionally, liver enzyme levels varied by group: alanine amino-
transferase (ALT), aspartate aminotransferase (AST), and gamma-glu-
tamyltransferase (GGT) were elevated in the Met-ALD and ALD
groups compared with those in the MASLD group, with the lowest
levels observed in the cryptogenic SLD group (P = 0.001, P = 0.001,
P < 0.0001, respectively).

These results suggest that while MASLD patients have the most
pronounced obesity-related features and highest liver fat accumula-
tion, liver enzyme levels and TBIL are higher in alcohol-related liver
diseases (Met-ALD and ALD).

3.1.3. Cardiometabolic parameters and comorbidities

MASLD patients presented the most adverse metabolic profiles
among all subtypes. Specifically, the MASLD group had the lowest
HDL levels and highest GLU levels (P < 0.0001 for both). When com-
paring MASLD with Met-ALD, MASLD patients had significantly lower
HDL levels (P < 0.0001), although no significant difference was found
in GLU levels between the two groups (P = 0.335). The TC and TG lev-
els were significantly elevated in the MASLD and ALD groups, with
the highest levels in the ALD group (P < 0.0001 and P = 0.002, respec-
tively). Additionally, the blood pressure was significantly higher in
the Met-ALD and ALD groups compared to the MASLD and crypto-
genic SLD groups (P < 0.0001).

To further explore cardiometabolic comorbidities, we analyzed
the prevalence of hypertension, hyperlipidemia, CHD, heart attack,
T2DM, and complications of T2DM across MASLD, Met-ALD and ALD
groups (Table 2). The results showed that T2DM was significantly
more prevalent in the MASLD group (19.38 %) compared to Met-ALD
(9.39%, P=0.002) and ALD (7.69 %). Moreover, all cases of T2DM com-
plications were reported exclusively in the MASLD group (0.94%),
although the overall number was low and the difference was not sta-
tistically significant. The prevalence of hypertension, hyperlipidemia,
CHD, and heart attack did not differ significantly between the groups.
These findings suggest that metabolic dysfunction, rather than car-
diovascular disease burden, is the predominant feature distinguish-
ing MASLD from other liver disease subtypes.

3.2. Characteristics of MASLD and Met-ALD patients with different
hepatic steatosis grades

3.2.1. Subgroup analysis based on steatosis grade in MASLD

Among MASLD patients with a CAP > 248 dB/m, 16.88 % were clas-
sified as S1, 25.99% as S2, and 57.13 % as S3. The analysis revealed no
significant differences in age or race between the S1, S2, and S3 sub-
groups. However, the S3 subgroup had a greater proportion of males
(57.02%, P = 0.001). As the grade of liver steatosis increased, there
were significant rises in BMI, WC, LSM, and liver enzyme levels (ALT,
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Table 1
Demographic and clinical characteristics of the patients in the MASLD, Met-ALD, ALD, and cryptogenic SLD categories.
MASLD Met-ALD ALD Cryptogenic SLD  Pvalue Pvalue
(n=97,038,804) (n=7639,744) (n=2420954) (n=1090,176) (All group)  (MASLD vs. Met-ALD)

Age (year) 50.63 +0.72 48.19+1.72 4541 +2.42 4033 £2.21 0.004 0.051
Male (%) 49.13 86.29 90.11 66.67 0.001 0.003
Alcohol intake (g/day) 3.58 +£0.20 39.46 +1.27 98.51 4+ 6.46 9.88 +2.52 <0.0001 < 0.0001

Race
Hispanic (%) 17.81 7.21 22.04 15.88 0.008 <0.0001
Non-Hispanic White (%) 63.38 78.32 64.02 68.05
Non-Hispanic Black (%) 9.12 7.32 4.90 8.16
Non-Hispanic Asian (%) 5.28 1.27 0.97 5.56
Other race (%) 4.40 5.89 8.06 235

Body measures
BMI (kg/m?) 32.90 +£0.22 30.59 + 0.60 30.37+£0.83 22.17 £ 0.40 < 0.0001 0.0007
Male WC (cm) 109.70 + 0.74 107.2 £1.85 106.98 + 1.63 82.78 £ 1.15 <0.0001 0.294
Female WC (cm) 108.05 + 0.59 101.71 £ 2.04 99.41 + 6.34 73.87 £ 1.16 <0.0001 0.017

Blood pressure
SBP (mmHg) 123.59 + 041 127.50 + 1.68 128.02+1.34 11835+ 1.45 < 0.0001 0.002
DBP (mmHg) 75.62 + 0.26 78.57 +1.03 79.94 +0.92 69.94 + 1.07 <0.0001 <0.0001

Liver elastography measures
M probe (%) 57.94 71.11 77.27 100.00 0.002 0.05
CAP (dB/m) 308.34 + 1.28 307.66 + 5.50 307.84 +7.09 263.26 + 3.89 <0.0001 0.972
S1(%) 16.78 14.14 17.95 67.81 0.003 0.657
S2 (%) 25.83 40.48 28.30 2241
S3 (%) 56.78 45.38 53.47 9.78
LSM (kPa) 6.68 +0.22 6.20 +0.34 6.35+0.57 5.75 +0.67 0.681 0.595
F2 (%) 5.08 337 327 11.90 0.421 0.097
F3 (%) 4.60 2.49 0.71 0.00
F4 (%) 4.92 2.80 7.27 0.00

Laboratory examination
ALT (U/L) 24.86 + 0.37 32.26 +2.81 3417 £3.54 15.78 £1.97 0.001 0.0004
AST (U/L) 21.74+0.22 27.75 +1.98 29.88 +2.03 19.11 £ 1.59 0.001 <0.0001
AST/ALT 1.03 £0.36 1.04 £0.38 1.01 £0.51 134+ 0.62 0.013 0.452
GGT (U/L) 31.81+0.72 45.76 + 4.07 77.27 £ 10.59 22.65 +3.75 <0.0001 <0.0001
TBIL (iemol/L) 7.90 +£0.13 7.97 +£0.48 8.89 +0.77 8.01+0.72 0.686 0.370
HDL (mmol/L) 1.27 £0.01 1.52 £0.06 1.46 £ 0.07 157 £0.05 <0.0001 < 0.0001
TG (mmol/L) 1.85+0.03 1.68 £0.10 2434035 0.90 +0.03 < 0.0001 0.398
TC (mmol/L) 4.90 + 0.04 521+0.11 570 +0.21 436 +0.20 0.002 <0.0001
GLU (mmol/L) 5.83 +0.06 542 +0.10 5.17 +£0.09 4.95 +0.05 <0.0001 0.335
CR (emol/L) 79.44 +41.04 84.58 +19.54 78.92 +18.03 74.14 £ 16.50 0.880 0.294
PLT (x 10°/L) 250.46 + 2.35 244.16 + 6.69 251.98 +8.90 22591 +£9.65 0.160 0.496
FIB-4 1.01 £ 0.02 1.11 £0.09 1.06 £0.11 0.89 + 0.06 0.199 0.133

Note: The Kruskal-Wallis test and the chi-square test were employed to assess the significance among multiple groups, with ALD serving as the refer-
ence group. The Mann-Whitney U test and the chi-square test were employed to assess the significance between the MASLD and Met-ALD groups. Cat-
egorical variables are reported as weighted counts and proportions, whereas continuous variables are presented as weighted means + SEs.
Abbreviations: ALD, alcoholic liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled
attenuation parameter; CR, creatinine; F2, significant fibrosis; F3, advanced fibrosis; F4, cirrhosis; FIB-4, fibrosis 4 score; GGT, gamma-glutamyltrans-
ferase; GLU, blood glucose; HDL, high-density lipoprotein; LSM, liver stiffness measurement; MASLD, metabolic dysfunction-associated steatotic liver
disease; Met-ALD, metabolic and alcohol-related liver disease; PLT, platelet count; S1, mild steatosis; S2, moderate steatosis; DBP, diastolic blood pres-
sure; S3, severe steatosis; SBP, systolic blood pressure; SLD, steatotic liver disease; TBIL, total bilirubin; TC, total cholesterol; TG, triglycerides; WC,
waist circumference.

AST, and GGT). Notably, patients in the S3 subgroup had a signifi-
cantly greater proportion of F2-F4 fibrosis compared to the other
groups (P < 0.0001).

Lipid profiles also worsened with increasing steatosis grade: HDL
levels decreased, while TG levels increased, which corresponded

with a greater prevalence of hyperlipidemia in the S3 group
(P < 0.0001). Similarly, GLU levels increased as liver fat accumulation
progressed, and the prevalence of T2DM was significantly higher in
the S3 subgroup (P < 0.0001). Although there were no statistically
significant differences in specific T2DM-related complications across

Table 2
Prevalence of various cardiometabolic diseases across different groups.
MASLD Met-ALD ALD Pvalue Pvalue
(n=97,038,804) (n=7639,744) (n=2420954) (Allgroup) (MASLD vs. Met-ALD)
Hypertension (%) 42.32 38.76 35.30 0.571 0.779
Hyperlipemia (%) 55.59 46.65 63.71 0.154 0.118
CHD (%) 4.72 4.18 0.00 0414 0.367
Heart attack (%) 3.93 4.06 5.97 0.834 0.946
T2DM (%) 19.38 9.39 7.69 0.028 0.002
T2DM complications (%)  0.94 0.00 0.00 0.524 0.408

Note: The chi-square test was employed to assess the significance of differences between multiple groups. Categorical variables
are reported as weighted counts and proportions.

Abbreviations: ALD, alcoholic liver disease; CHD, coronary heart disease; MASLD, metabolic dysfunction-associated steatotic
liver disease; Met-ALD, metabolic and alcohol-related liver disease; SLD, steatotic liver disease; T2DM, type 2 diabetes mellitus.
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the groups, patients with S3 steatosis showed a higher overall preva-
lence of T2DM complications compared to other steatosis subgroups.
Additionally, hypertension was more prevalent in the S3 subgroup
(P =0.001), although the rates of CHD and heart attack were similar
across all subgroups (Table 3). These findings highlight the progres-
sive nature of metabolic disturbances with worsening liver steatosis,
particularly in the S3 subgroup, reinforcing the importance of early
detection and management in these high-risk patients.

3.2.2. Subgroup analysis based on steatosis grade in Met-ALD

As shown in Supplementary Table 1, patients with Met-ALD
exhibited trends similar to those observed in MASLD. Specifically, as
the steatosis grade increased, BMI, WC, LSM, ALT, and GGT levels sig-
nificantly increased. The differences in fibrosis stage among the sub-
groups were not statistically significant. In terms of comorbidities,
the prevalence of hypertension was notably greater in the S3 sub-
group (P = 0.026). While other conditions, such as hyperlipidemia
and T2DM, also appeared more frequent in this group, the differences
did not reach statistical significance.

These findings suggest that the metabolic burden associated with
hepatic fat accumulation may be more severe and clinically relevant
in MASLD than in Met-ALD, emphasizing the need for subtype-spe-
cific risk stratification and management strategies.

Annals of Hepatology 30 (2025) 101944

3.3. Risk of the incidence of cardiometabolic diseases and advanced
fibrosis in MASLD patients

3.3.1. Risk factors associated with hypertension

To investigate the risk factors for hypertension in MASLD patients,
we performed both univariate and multivariate regression analyses.
In the univariate analysis, several factors were significantly correlated
with hypertension, including age, race, WC, alcohol intake, CAP, stea-
tosis grade, and fibrosis grade (Table 4). After assessing multicolli-
nearity and selecting variables with a variance inflation factor less
than 5, the final multivariate model included age, race, WC, alcohol
intake, steatosis grade, and fibrosis grade. The multivariate results
revealed that age (OR: 1.07, 95% CI: 1.06—1.08, P < 0.0001), WC (OR:
1.02,95% CI: 1.01-1.02, P = 0.001), steatosis grade (OR: 1.25,95% CI:
1.07-1.47, P = 0.008) and fibrosis grade (OR: 1.22, 95 % CI: 1.04—1.42,
P = 0.015) were strong independent risk factors for hypertension.
Interestingly, alcohol intake was found to be a protective factor (OR:
0.98, 95% CI: 0.96—1.00, P = 0.047). Moreover, non-Mexican ethnic
groups were at greater risk than Mexican ethnic groups (Fig. 2a).
These results underscore the role of liver fat accumulation and
metabolic health in the development of hypertension, with mod-
erate alcohol intake serving as a potential modifiable protective
factor.

Table 3
Features of the MASLD patients segregated by the degree of estimated liver steatosis.
S1 S2 S3 Pvalue
(n=16,281,834) (n=25,062,060) (n=>55,094,585)

Age (year) 50.54 + 1.04 50.67 + 0.86 50.60 + 0.80 0.971
Male (%) 45.63 46.50 57.02 0.001

Race
Hispanic (%) 16.49 16.78 18.84 0.286
Non-Hispanic White (%)  60.77 62.73 64.25
Non-Hispanic Black (%) 11.02 10.84 7.79
Non-Hispanic Asian (%) 6.62 537 4.82
Other race (%) 5.11 4.29 429

Body measures
BMI (kg/m?) 29.47 +0.36 31.03+0.27 34.81+0.32 <0.0001
WC (cm) 100.47 £ 0.74 103.88 + 0.62 113.78 £ 0.77 <0.0001

Liver elastography measures
LSM (kPa) 5.04 +£0.12 5.60 +0.17 7.42 £0.25 <0.0001
F2 (%) 1.64 2.86 7.16 <0.0001
F3 (%) 1.14 1.66 7.01
F4 (%) 0.67 222 6.37

Laboratory examination
ALT (U/L) 19.48 £0.73 21.48 £ 0.55 28.02 + 0.60 <0.0001
AST (U/L) 19.97 £ 0.54 20.74 + 043 22.69 +0.29 0.001
GGT (U/L) 25.23 +1.46 28.12+1.85 35.36 +0.91 <0.0001
TBIL («mol/L) 8.09 + 047 8.30+0.35 7.66 +0.12 0.130
HDL (mmol/L) 1.37 £ 0.03 1.36 + 0.01 1.20 £ 0.01 <0.0001
TG (mmol/L) 1.44 +0.04 1.63 + 0.04 2.08 +0.05 <0.0001
TC (mmol/L) 4.85 + 0.05 4.97 +0.07 4.89 +0.04 0.989
GLU (mmol/L) 5.36 +0.06 547 +0.06 6.13 +£0.10 <0.0001
FIB-4 1.04 + 0.04 1.04 + 0.04 0.99 + 0.02 0.075

Cardiometabolic diseases
Hypertension (%) 39.05 34.89 46.92 0.001
Hyperlipemia (%) 4322 50.33 61.71 <0.0001
CHD (%) 3.50 5.39 4.70 0.510
Heart attack (%) 2,67 3.80 4,28 0.407
T2DM (%) 10.52 11.41 25.71 <0.0001
T2DM complications (%)  0.08 0.03 1.30 0.079

Note: The Kruskal-Wallis test and the chi-square test were employed to assess the significance of differ-
ences between multiple groups. Categorical variables are presented as weighted counts and proportions,
whereas continuous variables are presented as weighted means =+ SEs.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
CAP, controlled attenuation parameter; CHD, coronary heart disease; F2, significant fibrosis; F3,
advanced fibrosis; F4, cirrhosis; FIB-4, fibrosis 4 score; GGT, gamma-glutamyltransferase; GLU, blood
glucose; HDL, high-density lipoprotein; LSM, liver stiffness measurement; MASLD, metabolic dysfunc-
tion-associated steatotic liver disease; S1, mild steatosis; S2, moderate steatosis; S3, severe steatosis;
TBIL, total bilirubin; TC, total cholesterol; TG, triglycerides; T2DM, type 2 diabetes mellitus; WC, waist

circumference.
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The correlation between various variables and the prevalence of different cardiometabolic diseases in MASLD patients.

Hypertension Hyperlipemia CHD T2DM
OR (95% CI) Pvalue OR (95%CI) Pvalue OR (95%CI) Pvalue OR (95% CI) Pvalue
Age 1.01 (1.01, 1.02) < 0.0001 1.01(1.00-1.01) < 0.0001 1.00 (1.00—1.00) < 0.0001 1.01(1.01-1.01) <0.0001
Sex 1.01 (0.96—1.06) 0.790 0.91(0.85-0.96) 0.003 0.96 (0.94-0.99) 0.007 0.98 (0.95-1.02) 0.335
Race 1.02 (1.00-1.03) 0.012 1.00(0.99-1.02) 0.576 1.00 (1.00-1.00) 0.214 1.01(1.00-1.03) 0.010
BMI 1.00 (1.00-1.01) 0.123 1.00 (1.00—1.00) 0.360 1.00 (1.00—1.00) 0.163 1.01 (1.00-1.01) 0.001
WC 1.01 (1.00-1.01) 0.001 1.00 (1.00—1.00) 0.221 1.00 (1.00-1.00) 0.435 1.00 (1.00-1.01) < 0.0001
Alcohol intake 0.99 (0.99-1.00) 0.042 1.00 (0.99-1.00) 0.070 1.00 (1.00-1.00) < 0.0001 0.99 (0.99-1.00) < 0.0001
CAP 1.00 (1.00—-1.00) 0.002 1.00 (1.00—1.00) < 0.0001 1.00 (1.00—1.00) 0.510 1.00 (1.00-1.00) < 0.0001
LSM 1.00 (1.00-1.01) 0.100 1.00 (1.00-1.01) 0.130 1.00 (1.00—1.00) 0.140 1.01 (1.00-1.01) 0.004
Steatosis grade  1.06 (1.02—1.10)  0.007 1.10(1.07-1.13)  <0.0001  1.00(0.99-1.02)  0.613 1.09(1.07-1.12)  <0.0001
Fibrosis grade  1.05(1.01-1.09)  0.015 1.02(0.97-1.07) 0360 1.00(1.00-1.01) 0370 1.09(1.06-1.14)  <0.0001

Note: Univariate regression analysis was performed.

Abbreviations: BMI, body mass index; CAP, controlled attenuation parameter; CHD, coronary heart disease; CI, confidence interval; LSM, liver stiffness
measurement; MASLD, metabolic dysfunction-associated steatotic liver disease; OR, odds ratio; T2DM, type 2 diabetes mellitus; WC, waist circumference.

Additionally, our analysis of risk factors for hyperlipidemia and
CHD in patients with MASLD revealed that older age (OR: 1.01, 95%
Cl: 1.00—1.01, P < 0.0001) and higher steatosis grade (OR: 1.10, 95%
CI: 1.07-1.13, P < 0.0001) were significant predictors of hyperlipid-
emia, and women were less likely to develop hyperlipidemia
(P=10.003) and CHD (P =0.007, Table 4).

3.3.2. Risk factors associated with T2DM

In MASLD patients, several factors were significantly associ-
ated with the development of T2DM. Univariate analysis identi-
fied age, race, BMI, WC, alcohol intake, LSM, steatosis grade, and
fibrosis grade as key variables associated with T2DM (Table 4). In
the multivariate analysis, alcohol consumption emerged again as
a protective factor (OR: 0.94, 95% CI: 0.91-0.97, P = 0.001). Con-

versely, higher steatosis grade (OR: 1.95, 95%Cl: 1.62-2.35,
P < 0.0001), fibrosis grade (OR: 1.60, 95%Cl: 1.36-1.88,
P < 0.0001), and older age (OR: 1.05, 95% CI: 1.04-1.05,

P < 0.0001) were independently associated with increased risk of

A Hypertension
OR (95% CI) P value
Age L 1.07 (1.06, 1.08) < 0.0001
Race MW 1.08 (1.02, 1.14) 0.013
Alcohol intake |l 0.98 (0.96, 1.00) 0.047
wC H 1.02 (1.01, 1.02) 0.001
Steatosis grade |l 1.25 (1.07, 1.47) 0.008
Fibrosis grade F 1.22 (1.04, 1.42) 0.015
1.65 7.39 148.41

T2DM. Like those with hypertension, non-Mexican ethnic groups
were at greater risk than their Mexican counterparts (Fig. 2b).
These results highlight the strong association between hepatic
disease severity and glucose metabolism dysregulation.

3.3.3. Risk factors associated with advanced fibrosis (> F3)
We also explored the determinants of advanced liver fibrosis in

MASLD patients. As shown in Table 5, univariate analysis identified
several significant risk factors, including BMI, WC, CAP, ALT, AST, and
GGT. Metabolic parameters (HDL and GLU), and T2DM also showed
strong associations with advanced fibrosis. In multivariate analysis,
WC (OR: 1.06, 95 %CI: 1.05—1.07, P < 0.0001), AST (OR: 1.05, 95% CI:
1.04-1.07, P < 0.0001), and GGT (OR: 1.01, 95% CI: 1.00-1.02,
P = 0.0003) were identified as robust independent predictors of
advanced fibrosis. Additionally, T2DM remained an independent and
strong risk factor (OR: 2.27, 95 % CI: 1.76—2.93, P < 0.0001), highlight-
ing the close link between metabolic dysfunction and fibrosis pro-
gression.

B T2DM

OR (95% ClI) P value
Age L 1.05 (1.04, 1.05) < 0.0001

Race MW 1.09 (1.03, 1.16) 0.005

Alcohol intake M 0.94 (0.91, 0.97) 0.001
wc M 1.03 (1.02, 1.04) < 0.0001
Steatosis grade B 1.95(1.62,2.35) < 0.0001
Fibrosis grade W 1.60(1.36, 1.88) < 0.0001

1.é5 2172 7.l39 14|8.41

Fig. 2. Forest plot illustrating the correlation between various factors and the prevalence of hypertension (A) and T2DM (B) in MASLD patients. Multivariate regression analysis was
subsequently performed. CI, confidence interval; MASLD, metabolic dysfunction-associated steatotic liver disease; OR, odds ratio; T2DM, type 2 diabetes mellitus; WC: waist cir-

cumference.
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Table 5
Correlations between clinical variables and the prevalence of advanced fibrosis in patients with MASLD and Met-ALD.
MASLD Met-ALD
Univariate Multivariate Univariate Multivariate
OR (95% CI) Pvalue OR(95%CI) Pvalue OR(95%CI) Pvalue OR (95% CI) Pvalue

Age 1.00(0.99-1.01)  0.397 1.04(0.98-1.11) 0.168

Sex 0.81(0.51-1.30) 0.373 0.07 (0.01-0.55) 0.013

Alcohol intake ~ 0.99(0.96-1.02)  0.407 1.05(0.99-1.11) 0.122

Race 1.01(0.93-1.09) 0.782 0.80(0.59-1.30) 0.356

BMI 1.13(1.11-1.15) < 0.0001 1.09 (1.02-1.16) 0.011

WC 1.07(1.06-1.08) <0.0001  1.06(1.05-1.07) <0.0001  1.07(1.03-1.11) 0.001

SBP 1.00(0.99-1.01)  0.245 1.03 (0.98-1.09) 0.195

DBP 1.01(0.99-1.02)  0.369 1.04 (0.96-1.13) 0.264

CAP 1.02(1.01-1.02) <0.0001 1.00(1.00-1.01) 0.010 1.02 (1.00-1.04) 0.017

ALT 1.02(1.01-1.03)  <0.0001 1.02 (1.01-1.04) 0.004 1.03 (1.01-1.06) 0.002
AST 1.04(1.02-1.05) < 0.0001 1.05(1.04-1.07)  <0.0001 1.04 (0.99-1.09) 0.075

GGT 1.01(1.00-1.02)  0.003 1.00(1.00-1.01)  0.0003 1.01 (1.00-1.01) 0.035

TBIL 1.01(0.99-1.03)  0.299 1.09 (0.93-1.28) 0.254

HDL 0.36(0.17-0.76)  0.009 0.25(0.01-10.53) 0.451

TG 1.05(0.89-1.24) 0.572 1.95(1.09-3.48) 0.026

TC 0.89(0.74-1.06)  0.191 1.01(0.61-1.68) 0.955

GLU 1.11(1.05-1.18)  0.001 1.96 (1.02-3.80) 0.044

CR 1.00(0.99-1.00)  0.326 1.06 (1.04-1.08) <0.0001

PLT 1.00(0.99-1.00) 0.112 0.98 (0.95-1.00) 0.066

Hypertension 1.38(0.90-2.11)  0.130 36.87(5.51-246.64)  0.0006 8.81(1.50-133.50)  0.040
Hyperlipemia 1.15(0.75-1.78)  0.498 3.21(0.69-14.82) 0.129

CHD 1.00(1.00-1.00)  0.492 0.06 (0.004—0.90) 0.042

T2DM 2.56(1.55-4.22)  0.001 2.27(1.76-2.93)  <0.0001  15.34(3.83-61.41) 0.0005 13.35(2.66-85.72)  0.002

Note: Both univariate and multivariate regression analyses were performed.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; CHD, coronary
heart disease; CR, creatinine; GGT, gamma-glutamyltransferase; GLU, blood glucose; HDL, high-density lipoprotein; LSM, liver stiffness measurement; MASLD,
metabolic dysfunction-associated steatotic liver disease; Met-ALD, metabolic and alcohol-related liver disease; PLT, platelet count; SBP, systolic blood pressure;
SLD, steatotic liver disease; TBIL, total bilirubin; TC, total cholesterol; TG, triglycerides; T2DM, type 2 diabetes mellitus; WC, waist circumference.

3.4. Risk of the prevalence of cardiometabolic diseases and advanced
fibrosis in Met-ALD patients

3.4.1. Risk factors associated with cardiometabolic diseases

Univariate and multivariate regression analyses were conducted
to evaluate the risk factors for cardiometabolic diseases in Met-ALD
patients. The results showed that age (OR: 1.07, 95% CI: 1.04—1.10,
P < 0.0001), race (OR: 1.50, 95% CI: 1.05-2.13, P = 0.013), CAP (OR:
1.02,95% ClI: 1.01-1.03, P = 0.047), and liver fibrosis grade (OR: 5.15,
95% CI: 1.91-13.92, P = 0.001) were independent predictors of
hypertension (Table 6, Fig. 3a). Unlike in MASLD patients, alcohol
intake was no longer observed to be a protective factor in this group.

For T2DM, the multivariate analysis identified age (OR: 1.07,95%
Cl: 1.03-1.11, P= 0.005), WC (OR: 1.06, 95% CI: 1.02—-1.10, P = 0.014),

and liver fibrosis grade (OR: 3.01, 95 % CI: 1.93-4.70, P = 0.008) as sig-
nificant risk factors, while CAP and steatosis grade were not signifi-
cantly associated with T2DM risk in Met-ALD patients (Table 6,
Fig. 3b). Additionally, liver fibrosis grade was associated with hyper-
lipidemia (OR: 1.13,95% CI: 1.02—1.27, P = 0.026), and LSM was a sig-
nificant predictor of CHD (OR: 1.01, 95% CI: 1.00—1.01, P = 0.006).
These results reinforce the central role of liver fibrosis and stiffness in
the development of cardiometabolic diseases in patients with Met-
ALD.

3.4.2. Risk factors associated with advanced fibrosis

We also examined the predictors of advanced fibrosis in patients
with Met-ALD. According to Table 5, hypertension was significantly
associated with advanced fibrosis in Met-ALD patients (OR: 8.81, 95%

Table 6
Correlations between various variables and the prevalence of different cardiometabolic diseases in Met-ALD patients.
Hypertension Hyperlipemia CHD T2DM
OR(95%CI) Pvalue OR(95%CI) Pvalue  OR(95%CI) Pvalue  OR(95%CI) Pvalue

Age 1.01(1.01, 1.02) <0.0001  1.00(0.99-1.01) 0.702 1.00 (1.00-1.01 0.087 1.01(1.00-1.01)  0.007
Sex 1.04 (0.87-1.25) 0.654 0.92(0.66-1.26)  0.577 0.94(0.86—-1.03 0.183 0.91(0.83-1.00)  0.055
Race 1.09(1.02-1.17) 0.009 1.01(0.93-1.10)  0.824 0.99(0.99-1.00 0.111 1.00(0.98-1.02)  0.980
BMI 1.01 (0.99-1.03) 0.303 1.00(0.99-1.02)  0.367 1.00 (1.00-1.01 0.275 1.01(1.00-1.02)  0.049
WC 1.01(1.00--1.02)  0.016 1.00(1.00-1.01)  0.509 1.00 (1.00-1.07 0.182 1.01(1.00-1.01)  0.026
Alcohol intake 1.00(0.99—-1.00)  0.481 1.00(0.98-1.01)  0.837 1.00 (1.00-1.00 0.374 1.00(1.00-1.00)  0.350
CAP 1.00(1.00--1.01)  <0.0001 1.00(1.00-1.00)  0.195 1.00 (1.00-1.00 0.092 1.00(1.00-1.00)  0.089
LSM 1.02(1.01--1.03)  0.002 1.01(1.00-1.02) 0.199 1.01(1.00-1.01 0.006 1.01(1.00-1.02)  0.005
Steatosis grade  1.20(1.07--1.34)  0.004 1.02(0.85-1.22) 0.816 1.05(0.98-1.13 0.159 1.04(097-1.12)  0.280
Fibrosis grade 1.28(1.21--1.36)  <0.0001 1.13(1.02-1.27)  0.026 1.12(0.97-1.30 0.117 1.20(1.10-1.31)  0.001

Note: Univariate regression analysis was subsequently used.
Abbreviations: BMI, body mass index; CAP, controlled attenuation parameter; CHD, coronary heart disease; CI, confidence interval; LSM, liver stiffness
measurement; Met-ALD, metabolic and alcohol-related liver disease; T2DM, type 2 diabetes mellitus; WC, waist circumference.
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A Hypertension
OR (95% Cl)
Age W 1.07 (1.04, 1.10)
Race 150 (1.05,2.13)  0.013
CAP H 1.02(1.01,1.03)  0.047

Fibrosis grade

1.65 7.39 148.41

P value

<0.0001

—l— 5.15(1.91, 13.92) 0.001

Annals of Hepatology 30 (2025) 101944

B T2DM

OR (95% CI) P value

Age W 1.07 (1.03,1.11)  0.005
wc m 1.06 (1.02,1.10)  0.014
CAP H 1.02(1.00,1.03)  0.955

Fibrosis grade -l 3.01(1.93,4.70) 0.008

————
1.65 7.39 148.41

Fig. 3. Forest plot illustrating the correlation between various factors and the prevalence of hypertension (A) and T2DM (B) in Met-ALD patients. Multivariate regression analysis
was subsequently performed. CAP, controlled attenuation parameter; Cl, confidence interval; Met-ALD, metabolic and alcohol-related liver disease; T2DM, type 2 diabetes mellitus.

Cl: 1.50-133.50, P = 0.040), suggesting a synergistic relationship
between cardiovascular stress and liver fibrosis in this population. Addi-
tionally, ALT (OR: 1.03, 95% CI: 1.01-1.06, P = 0.002) and T2DM (OR:
13.3,95% CI: 2.66—85.71, P = 0.002) were identified as independent risk
factors for advanced fibrosis. In contrast to MASLD, AST and GGT did not
remain significant in the multivariate model, possibly due to differing
liver injury patterns in alcohol-associated liver disease.

Overall, these results reinforce the need for integrated manage-
ment strategies that address both hepatic and cardiometabolic health
in Met-ALD.

4. Discussion

In this representative sample of the United States population, we
observed distinct demographic and clinical differences among
patients with MASLD, Met-ALD, ALD, and cryptogenic SLD. Patients
with Met-ALD, ALD, and cryptogenic SLD were generally younger and
predominantly male compared to those with MASLD. This may reflect
underlying behavioral or biological sex-related differences in alcohol
consumption and metabolic disease susceptibility. In the comparative
analyses between the MASLD and Met-ALD groups, patients with
MASLD had significantly higher BMI, WC, and prevalence of T2DM,
which is consistent with the strong associations of MASLD with obe-
sity and metabolic dysfunction. Interestingly, despite having a lower
degree of liver steatosis—as measured by CAP—Met-ALD patients
exhibited significantly higher levels of liver enzymes (ALT, AST, and
GGT), than did the MASLD group. This discrepancy suggests that alco-
hol-related liver injury is more hepatocellular in nature and may not
be fully reflected by steatosis measurements alone [20,21].

With respect to cardiometabolic outcomes, MASLD patients pre-
sented the highest prevalence of T2DM and related complications,
which was consistent with their unfavorable metabolic profile. Stea-
tosis and fibrosis severity were independently associated with T2DM
risk, suggesting a potential role of hepatic fat and fibrosis in modulat-
ing systemic insulin sensitivity. Moreover, alcohol consumption
showed an inverse relationship with T2DM risk in MASLD, which is
consistent with prior studies suggesting that modest alcohol intake
may confer some metabolic benefits, such as improved insulin sensi-
tivity or reduced systemic inflammation [22,23]. However, this find-
ing should be interpreted with caution due to the observational
nature of the data and the possibility of residual confounding.
Although the overall prevalence of other cardiometabolic conditions
(e.g., hypertension, hyperlipidemia, CHD) did not differ significantly
between the MASLD, and Met-ALD groups, stratified analyses
revealed key associations that are consistent with findings from pre-
vious studies [24,25]. In MASLD, higher grades of steatosis and fibro-
sis were linked to an increased prevalence of hypertension and

dyslipidemia. In Met-ALD, fibrosis grade emerged as a central risk
factor for hypertension, hyperlipidemia, and T2DM. These results
support the hypothesis that liver fibrosis represents a key node in the
interaction between liver health and systemic metabolic disease.

Importantly, our study also identified independent risk factors for
the development of advanced liver fibrosis (> F3) in patients with
MASLD and Met-ALD. The presence of T2DM was significantly associ-
ated with advanced fibrosis in both groups, consistent with previous
findings [26] and underscoring the critical role of metabolic control
in preventing fibrosis progression. Additionally, advanced fibrosis
was strongly associated with hypertension in patients with Met-ALD,
suggesting potential differences in the underlying mechanisms of
fibrosis between purely metabolic and alcohol-related liver disease.

Several limitations must be acknowledged. First, as the sample is
representative of the United States population, the findings may not
be applicable to other populations, settings, or samples. Second,
although transient elastography offers a reliable noninvasive alterna-
tive, the diagnostic accuracy of LSM may be influenced by factors
such as higher BMI or greater hepatic steatosis, which could lead to
overestimation of fibrosis, particularly in patients with MASLD. More-
over, the absence of histological data in NHANES prevents us from
fully ruling out these confounding effects. Although the FIB-4 score
was also utilized to complement LSM, it may be less sensitive for
detecting early-stage fibrosis and its performance can vary across dif-
ferent liver disease subtypes [27—29]. Third, the NHANES database
does not include comprehensive data on the use of steatogenic medi-
cations. As patients classified as cryptogenic SLD may have underly-
ing steatogenic medication use that was not captured, this could
introduce additional variability in the classification. Finally, survival
outcomes could not be evaluated due to incomplete follow-up data
from the NHANES during the study period. As a result, we were
unable to assess long-term prognoses across SLD subtypes.

5. Conclusions

This NHANES-based analysis highlights key differences between
MASLD and Met-ALD. MASLD was more closely linked with obesity
and T2DM, whereas Met-ALD patients presented increased liver
enzymes and blood pressure, reflecting the dual impact of alcohol
and metabolic stress. Moderate alcohol intake appeared to reduce
T2DM risk in MASLD, although this finding requires cautious inter-
pretation. Advanced fibrosis in MASLD patients was most strongly
associated with T2DM, whereas in Met-ALD patients, hypertension
emerged as the dominant risk factor. These findings emphasize the
importance of liver elastography not only for fibrosis assessment
but also as a tool for cardiometabolic risk stratification in clinical
practice.
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