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Abstract

Background The impact of each factor and the number
of positive criteria on pathogenesis and the diagnostic
performance of non-invasive tests (NITs) in patients with
metabolic dysfunction-associated steatotic liver disease
(MASLD) remains unclear. This study aimed to investigate
the association between the cardiometabolic criteria and the
clinical features.

Methods This retrospective study investigated clinico-
pathological characteristics and the diagnostic performance
of the Enhanced Liver Fibrosis (ELF) test, fibrosis-4 (FIB-4)
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index, and nonalcoholic fatty liver disease fibrosis score
(NFS) according to the factors and the number of positive
cardiometabolic criteria in 1,038 patients with biopsy-
proven MASLD.

Results Hypertension is a significant risk factor for pro-
gression to advanced fibrosis and at-risk metabolic dysfunc-
tion-associated steatohepatitis (MASH) in male patients. In
contrast, no significant risk factor was identified in female
patients. The incidence of advanced fibrosis increased sig-
nificantly in patients with three or more positive criteria.
Similarly, the incidence of at-risk MASH increased signifi-
cantly in a stepwise manner with the number of positive
cardiometabolic criteria. The diagnostic performance of the
ELF test for advanced fibrosis exceeded that of the FIB-4
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index and NFS for all factors except hypertension. Regard-
less of the number of positive cardiometabolic criteria, the
ELF test demonstrated a superior diagnostic performance
for advanced fibrosis.

Conclusions MASLD with hypertension in male patients
or a higher number of positive cardiometabolic criteria
constitutes a significant risk for advanced fibrosis or at-
risk MASH. The ELF test is a valuable tool for diagnosing
advanced fibrosis progression regardless of individual fac-
tors or the number of positive cardiometabolic criteria.
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Abbreviations

ALT Alanine aminotransferase

AST Aspartate aminotransferase

AUROC  Area under receiver-operating characteristic

BMI Body mass index

CI Confidence intervals

ELF Enhanced liver fibrosis

FIB-4 Fibrosis-4

yGT y-Glutamyl transferase

HbAlc  Hemoglobin Alc

HCC Hepatocellular carcinoma

HDL High-density lipoprotein

LDL Low-density lipoprotein

MASLD Metabolic dysfunction-associated steatotic
liver disease

MASH  Metabolic dysfunction-associated
steatohepatitis

NAS Nonalcoholic fatty liver disease activity score

NITs Non-invasive tests

NFS Nonalcoholic fatty liver disease fibrosis score

OR Odds ratio
ROC Receiver-operating characteristic
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SLD Steatotic liver disease
T2DM Type 2 diabetes mellitus
Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is defined as steatotic liver disease (SLD) with-
out moderate or high alcohol consumption, along with one
or more positive cardiometabolic criteria [1, 2]. The pro-
gression of hepatic fibrosis is linked to liver-related events,
such as liver failure and hepatocellular carcinoma (HCC),
and has a significant impact on the prognosis of patients
with MASLD [3-7]. Multiple studies have demonstrated
the association of metabolic dysfunction—including obesity
[8—10], type 2 diabetes mellitus (T2DM) [11-16], hyperten-
sion [17-19], and dyslipidemia [19]—with the progression
of hepatic fibrosis and development of HCC. In addition,
a stepwise increase in metabolic dysfunction accelerates
the progression of liver-related diseases [19]. However,
the specific impact of each cardiometabolic factor used as
a diagnostic criterion for MASLD on clinical characteris-
tics at the time of diagnosis has not yet been thoroughly
assessed. Although the assessment of hepatic fibrosis has
gained importance in clinical practice in recent years, we
have reported the usefulness of various non-invasive tests
(NITs)—including the Agile score [20], the Fibrosis-3
(FIB-3) index [21], and the Enhanced Liver Fibrosis (ELF)
test [22, 23]—as alternatives to liver biopsy for predicting
advanced fibrosis in patients with MASLD. T2DM affects
the accuracy of NITs [24-27] in patients with MASLD. We
demonstrated that the ELF test has high diagnostic perfor-
mance for predicting advanced hepatic fibrosis in patients
with MASLD, even in those with T2DM [23]. However,
the impact of factors other than T2DM, as well as the num-
ber of positive cardiometabolic criteria, on the prediction
of hepatic fibrosis progression using NITs in patients with
MASLD remains unknown. Therefore, in this study, we
aimed to evaluate the clinicopathological characteristics and
diagnostic potential of NITs in patients with biopsy-proven
MASLD according to each factor and the number of positive
cardiometabolic criteria.

Materials and methods
Patient population

A total of 1,361 patients with steatotic liver disease, diag-
nosed by liver biopsy and without moderate or high alco-
hol consumption, were retrospectively enrolled from 14
hospitals, which are university hospitals or general hospi-
tals of equivalent scale (Hamamatsu University Hospital,
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University Hospital, Kyoto Prefectural University of Medi-
cine, Saiseikai Suita Hospital, Gifu Municipal Hospital,
Fukui-ken Saiseikai Hospital, Nippon Medical School
Hospital, Ogaki Municipal Hospital, Osaka Metropolitan
University Hospital, National Defense Medical College
Hospital, Tokyo Medical University Ibaraki Medical Center,
Kawasaki Medical School General Medical Center, Kagawa
University Hospital, Yokohama City University Hospital,
and Saga University Hospital). Among the 1,361 enrolled
patients, 259 were excluded for the following reasons: 1)
age <20 years (n=15); 2) missing data on body mass index
(BMI) (n=13), high-density lipoprotein (HDL) cholesterol
(n=172), or triglycerides (n="7); and 3) unknown status of
prediabetes/T2DM (n=7). Therefore, 1,090 patients were
diagnosed with MASLD, and 52 were excluded because of
missing data on the ELF test, fibrosis-4 (FIB-4) index, or
nonalcoholic fatty liver disease fibrosis score (NFS). Finally,
the records of the remaining 1,038 patients were evaluated

(Fig. 1).
Laboratory tests

Information on physical findings, medical history, life-
style, and laboratory data was collected retrospectively
from medical records. Hematological and biochemical
parameters were measured using standard laboratory meth-
ods at each hospital. The ELF test, FIB-4 index, and NFS
were calculated as follows: 1) ELF test=2.278 +0.851 In

(Chya.luronic acid) +0.751 In (CN -terminal peptide of procollagen Hl) +0.394

Biopsy-proven SLD patients without moderate or higher alcohol
drinking (n = 1361)

Exclusion
Less than 20 years of age (n = 15)
Missing BMI (n = 13)
Missing HDL-cholesterol (n = 172)
Missing Triglyceride (n = 7)
Unknown prediabetes/T2DM (n = 52)

MASLD patients (n = 1090) ‘ ‘ Cryptogenic SLD patients (n = 12)

Exclusion
Missing NITs (n = 52)

The clinicopathological characteristics and the usefulness of NITs were
evaluated in MASLD patients (n = 1038)

Fig. 1 Flowchart of the patient selection process. BMI body mass
index, HDL high-density lipoprotein, MASLD metabolic dysfunction-
associated steatotic liver disease, NITs non-invasive tests, SLD stea-
totic liver disease, 72DM type 2 diabetes mellitus

In (Ctissue inhibitor of metalloproteinase—l) (Siemens Health
Care Diagnostics Inc., Tokyo, Japan); 2) FIB-4
index = age (years) X [aspartate aminotransferase (AST)
(U/L)/platelet count (X 10°/L)] x [alanine aminotrans-
ferase (ALT) (U/L)]"?; and 3) NFS =—1.675+0.037—
age +0.094—BMI + 1.13 X impaired fasting glucose/
diabetes +0.99 X AST/ALT ratio—0.013 X platelet count—
0.66 X serum albumin.

Liver histology

Percutaneous liver biopsies under ultrasonic guidance were
performed as part of routine practice under the supervi-
sion of hepatologists at each hospital. All liver samples
were evaluated by an experienced pathologist (S.A.) who
was blinded to the clinical laboratory data and served as
the central pathology reader. Histological evaluation was
performed using the nonalcoholic fatty liver disease activ-
ity score (NAS), including steatosis, lobular inflammation,
hepatocellular ballooning [28], and hepatic fibrosis staging
based on the Brunt criteria [29]. Fibrosis progression beyond
stage 3 was defined as advanced fibrosis. Some patients
scored O for steatosis but were considered either improved
with treatment or formally diagnosed as burned-out. Meta-
bolic dysfunction-associated steatohepatitis (MASH) was
defined according to the fatty liver inhibition of progression
algorithms, based on steatosis, activity, and fibrosis scores
[30]. At-risk MASH was defined as an NAS score >4 with
at least one point for steatosis, lobular inflammation, bal-
looning, and fibrosis stage 2 or higher [31].

Definition of the cardiometabolic criteria

According to the MASLD diagnostic criteria proposed by
a multisociety Delphi consensus statement [1, 2], positive
cardiometabolic criteria were defined when the following
conditions were met. BMI criterion: BMI >23 kg/m?. Pre-
diabetes/T2DM criterion: fasting plasma glucose > 100 mg/
dL, HbAlc >5.7%, a previous diagnosis of T2DM, or ongo-
ing treatment for T2DM. Hypertension criterion: blood
pressure > 130/85 mmHg or ongoing antihypertensive
treatment. Hypertriglyceridemia criterion: fasting triglycer-
ide > 150 mg/dL or ongoing lipid-lowering treatment. Hypo-
HDL cholesterolemia criteria: HDL cholesterol < 40 mg/dL
in men or <50 mg/dL in women, or ongoing treatment for
hypo-HDL cholesterolemia.

Ethics statement
This study was approved by the Ethics Committee of each
participating institution.

The study protocol conformed to the ethical guidelines of
the Declaration of Helsinki. Informed consent was obtained
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from enrolled patients through the opt-out method on the web-
site of each participating institution.

Statistical analyses

Statistical analyses were performed using GraphPad Prism
version 10.5.0 (GraphPad Software, San Diego, CA, USA)
and IBM SPSS Statistics version 29.0.2.0 for Macintosh
(IBM Corp., Armonk, NY, USA). Data on patient char-
acteristics are presented as numbers for categorical vari-
ables and medians with interquartile ranges for continuous
variables. Categorical data were compared between groups
using the chi-squared test. Continuous variables were evalu-
ated using the Mann—Whitney U test. Correlations between
the number of positive cardiometabolic criteria and the
prevalence of steatosis, lobular inflammation, ballooning,
advanced fibrosis, and at-risk MASH were analyzed using
the Cochran—Armitage test for trend. The diagnostic perfor-
mance of the FIB-4 index, ELF test, and NFS for advanced
fibrosis was assessed by the area under the receiver-operating
characteristic (AUROC) curves with 95% confidence inter-
vals (CIs). The DeLong test with Bonferroni correction was
used to compare the AUROCSs. Univariate and multivariate
logistic regression analyses were performed after propensity
score matching (PSM), using standardized mean differences
in age < 0.2 to assess independent risk factors for cardio-
metabolic criteria associated with progression to advanced
fibrosis and at-risk MASH by gender. A p value <0.05 was
considered statistically significant.

Results

Clinical and pathological characteristics of all patients
with MASLD

Among the 1,038 patients, 461 were male and 577 were
female. Their median age and BMI were 60 years and
27.6 kg/mz. The median values of the ELF test, FIB-4 index,
and NFS were 9.9, 1.84, and —0.654, respectively. On patho-
logical examination, 180 patients (17%) had stage O fibrosis;
350 (34%), stage 1; 276 (27%), stage 2; 196 (19%), stage 3;
and 36 (4%), stage 4. In addition, 351 patients (34%) met the
diagnostic criteria for at-risk MASH (Table 1).

Clinical and pathological characteristics of patients
with MASLD by the factor of cardiometabolic criteria

BMI criterion
The prevalence of BMI >23 kg/m2 was 89.9% (n=933). The
proportion of males, body weight, BMI, hypertension rate,

and serum low-density lipoprotein (LDL) cholesterol level
were significantly higher in patients with BMI >23 kg/m>.

@ Springer

Patients with BMI > 23 kg/m? were significantly younger
than those with BMI < 23 kg/m?. The FIB-4 index levels
were significantly lower, while the NFS levels were signifi-
cantly higher in patients with BMI >23 kg/m?; however,
there were no differences in the progression of liver fibrosis
between the two groups on pathological evaluation. Mean-
while, steatosis was significantly more advanced in patients
with MASLD with BMI >23 kg/m? than in those with
BMI < 23 kg/m>. However, there were no significant differ-
ences in lobular inflammation scores, ballooning scores, or
the rate of at-risk MASH between the two groups (Fig. 2 and
Supplemental Table 1).

Prediabetes/T2DM criterion

The prevalence of prediabetes/T2DM was 85.5% (n=2887).
Age, BMI, hypertension rate, and y-glutamyl transferase
(YGT) levels were significantly higher in patients with pre-
diabetes/T2DM than in those without prediabetes/T2DM.
The results of the ELF test, FIB-4 index, and NFS were all
higher, and liver fibrosis was more advanced on pathologi-
cal evaluation in patients with prediabetes/T2DM. Balloon-
ing was significantly more advanced, and the rate of at-risk
MASH was significantly higher in patients with prediabetes/
T2DM. However, there were no significant differences in
steatosis or lobular inflammation scores between the two
groups (Fig. 2 and Supplemental Table 2).

Hypertension criterion

The prevalence of hypertension was 54.6% (n=>567). Age,
female sex, BMI, total protein, fasting glucose, and hemo-
globin Alc (HbAlc) levels were significantly higher in
patients with hypertension. In contrast, the levels of ALT,
vGT, total cholesterol, and LDL cholesterol were signifi-
cantly lower. The ELF test, FIB-4 index, and NFS were all
higher, and liver fibrosis was more advanced on pathological
evaluation in patients with hypertension. Lobular inflam-
mation and ballooning were significantly more advanced in
patients with hypertension than in those without hyperten-
sion. Additionally, the rate of at-risk MASH was signifi-
cantly higher in patients with hypertension. In contrast, stea-
tosis was significantly more advanced in patients without
hypertension than in those with hypertension (Fig. 2 and
Supplemental Table 3).

Triglyceride criterion

The prevalence of hypertriglyceridemia was 43.1% (n=447).
The male ratio, weight, platelet count, and the levels of
ALT, yGT, total protein, albumin, total cholesterol, LDL
cholesterol, and fasting glucose were significantly higher
in patients with hypertriglyceridemia than in those with
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Table 1 Clinical and

. L Parameters
pathological characteristics of

all patients with MASLD Gender, male/female (1)

Age (years)

Weight (kg)

BMI (kg/m?)
Hypertension, no/yes (1)
Platelets (104/;1L)

AST (U/L)

ALT (U/L)

vGT (U/L)

Total protein (g/dL)
Albumin (g/dL)

Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbAlc (%)

ELF test

FIB-4 index

NFS

Pathological evaluations
Steatosis score 0/1/2/3, n (%)

Lobular inflammation score 0/1/2/3, n (%)

Ballooning score 0/1/2, n (%)
Fibrosis stage 0/1/2/3/4, n (%)
At-risk MASH, n (%)

461/577

60 (48-67)

70.6 (61.6-81.2)
27.6 (25.2-30.8)
471/567

20.1 (16.3-24.6)
47 (34-69)

61 (38-94)

60 (38-97)

7.2 (6.9-7.6)
4.3 (4.0-4.5)
191 (169-217)
138 (99-187)
46 (40-55)

120 (99-142)
107 (97-127)
6.1 (5.6-6.9)
9.9 (9.2-10.8)
1.84 (1.10-2.87)
—0.654 (—1.688-—0.452)

42/740/178/78 (4/71/17/8)
39/649/281/69 (4/63/27/T)
337/473/228 (32/46/22)
180/350/276/196/36 (17/34/27/19/4)
351 (34)

Data are presented as numbers or medians (interquartile ranges)

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, ELF enhanced liver
fibrosis, FIB-4 fibrosis-4 index, yGT y-glutamyl transferase, HbAIc hemoglobin Alc, HDL high-density
lipoprotein, LDL low-density lipoprotein, MASLD metabolic dysfunction-associated steatotic liver disease,
MASH metabolic dysfunction-associated steatohepatitis, NFS nonalcoholic fatty liver disease fibrosis score

normal triglyceridemia. In contrast, age and high-density
lipoprotein-cholesterol levels were significantly lower in
patients with hypertriglyceridemia than in those with normal
triglyceridemia. The ELF test, FIB-4 index, and NFS were
all higher in patients with hypertriglyceridemia than in those
without hypertriglyceridemia; however, liver fibrosis pro-
gression did not differ between the two groups on pathologi-
cal evaluation. In addition, there were no significant differ-
ences in steatosis, lobular inflammation, or ballooning scores
between the two groups (Fig. 2 and Supplemental Table 4).

High-density lipoprotein-cholesterol criterion

The prevalence of hypo-HDL cholesterolemia was 45.6%
(n=473). The female ratio and the levels of total protein, tri-
glycerides, and HbA 1¢ were significantly higher in patients
with MASLD with hypo-HDL-cholesterolemia than in
those with normal-HDL cholesterolemia. Total cholesterol
levels were significantly lower in patients with hypo-HDL

cholesterolemia than in those with normal-HDL cholester-
olemia. The ELF test, FIB-4 index, NFS, and liver fibrosis
progression did not differ between the two groups. Steatosis
and lobular inflammation were significantly more advanced
in patients with hypo-HDL cholesterolemia than in those
with normal-HDL cholesterolemia. However, there were no
significant differences in ballooning scores or the rate of
at-risk MASH between the two groups (Fig. 2 and Supple-
mental Table 5).

Risk factors of cardiometabolic criteria
for the progression of hepatic fibrosis and at-risk
MASH

The characteristics of patients, categorized by gender, with
or without advanced fibrosis, as well as those with or with-
out at-risk MASH of PSM-unmatched and PSM-matched
data, are shown in Supplemental Table 6. PSM analysis
identified 188 male and 272 female patients with and

@ Springer
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Fig. 2 Pathological evaluations
of liver pathology in patients BMI 223 kg/m? | Prediabetes | Hypertension Hyper Hypo-HDL
with MASLD according to /T2DM triglyceridemia: cholesterolemia
each factor of the cardiometa- A 1007
bolic criteria, Hepatic steatosis W score3
(A), lobular inflammation 80 B3 score?2
(B), ballooning (C), stage of 60 — [ scorel
hepatic fibrosis (D), and rate of % [ score0
at-risk MASH (E) in patients 404
with MASLD. BMI body 20—
mass index, HDL high-density
lipoprotein, MASLD metabolic 0
dysfunction-associated steatotic B 1007
liver disease, MASH metabolic Em score3
dysfunction-associated steato- 80 B3 score2
hepatitis, T2DM type 2 diabetes 60 — 3 scorel
mellitus % 3 score0
40+
204
0 s s
C 100+
80 HEl  score2
604 B scorel
% [ score0
404
204
0
D -
100 l l . . El stage 4
80 E stage 3
60 — - | [ stage 2
% | — mE= [ stagel
40 [ stage0
204 1 B m - — |
0
E 1009
l Bl 5trisk MASH
80
60—
%
40—
20
No Yes No Yes No Yes No Yes No Yes

without advanced fibrosis and 268 male and 432 female
patients with and without at-risk MASH. Univariate and
multivariate analyses were performed using PSM-matched
data to examine the risk of developing individual cardio-
metabolic criteria for advanced fibrosis and at-risk MASH.
Among the cardiometabolic criteria, hypertension was
identified as a significant risk factor for advanced fibrosis
(OR 2.233, 95% CI, 1.217-4.094; p <0.01) and at-risk
MASH (OR 1.684, 95% CI, 1.010-2.808; p <0.05) in male
patients. Meanwhile, there was no significant risk factor in
female patients (Table 2).

@ Springer

Clinical and pathological characteristics
of patients with MASLD by the number of positive
cardiometabolic criteria

Weight, BMI, and the levels of triglycerides, fasting glu-
cose, and HbA 1c increased, whereas HDL-cholesterol levels
decreased, with a stepwise increase in the number of positive
cardiometabolic criteria. However, age and other laboratory
data, including the ELF test, FIB-4 index, and NFS, did not
differ with the stepwise increase in the number of posi-
tive cardiometabolic criteria. The rate of advanced fibrosis
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increased significantly in patients with three or more positive
factors. There were no significant differences in steatosis
and lobular inflammation scores. Interestingly, the rates of
ballooning and at-risk MASH significantly increased with a
stepwise increase in the number of positive cardiometabolic
criteria (Fig. 3 and Supplemental Table 7).

Diagnostic performance of NITs in patients
with MASLD by the factor and the number of positive
cardiometabolic criteria

The AUROC values for the ELF test, FIB-4 index, and NFS
were 0.833, 0.753, and 0.757 for advanced fibrosis, respec-
tively. The diagnostic performance of the ELF test was sig-
nificantly higher than that of the FIB-4 index and NFS in
patients with advanced fibrosis (Supplemental Fig. 1).

The median levels of the ELF test, FIB-4 index, and NFS
in patients with MASLD according to the cardiometabolic
criteria are shown in Supplemental Tables 1-5. The diag-
nostic performance of the ELF test for predicting advanced
fibrosis was significantly higher than that of the FIB-4 index
and NFS in patients with MASLD, regardless of the positive
factor of cardiometabolic criteria, except for hypertension
(Fig. 4 and Supplemental Fig. 2).

The median values of the ELF test, FIB-4 index, and NFS
in patients with MASLD according to the number of positive
cardiometabolic criteria are shown in Supplemental Table 7.
The diagnostic performance of the ELF test for advanced
fibrosis tended to be greater than that of the FIB-4 index
and NFS in patients with MASLD who had more than two
positive cardiometabolic factors (Fig. 5 and Supplemental
Fig. 3). Thus, the ELF test demonstrated superior diagnostic
performance for advanced fibrosis compared with the FIB-4

Fig. 3 Pathological character- A B
istics in patients with MASLD 100+ 100-
according to the number of . Em score3 Em  score3
positive cardiometabolic 80- 3 score2 804 @ score2
criteria, Hepatic steatosis (A), [ scorel 3 scorel
lobular inflammation (B), bal- 60 [ score0 60+ 3 score0
looning (C), stage of hepatic B ES
fibrosis (D), and the rate of 40+ 40+
at-risk MASH (E) in patients 20- 20
with MASLD according to the
number of positive cardiometa- 0 T 0 A
bolic criteria. MASLD metabolic 1 2 3 4 5 1 2 3 4 5
dysfunction-associated steatotic positive numbers positive numbers
liver disease, MASH metabolic
dysfunction-associated steato-
hepatitis C D
100+ score 2 100+ | EE staged
804 score 1 804 Em stage3
score 0 [ stage2
. 60 . 60 [ 1 stagel
= =N 0
40- 40- 1 stage
20+ 20+
0 0 T T T T
2 3 4 5 1 2 3 4 5

posmve numbers

100 B atrisk MASH
80
60
40+
204
0

%

positive numbers

T

2345

posmve numbers

@ Springer



J Gastroenterol

Fig. 4 AUROCS of NITs for AUROC (95%Cl) p-value
predicting advanced fibro- All patients
sis in patients with MASLD ELF 0.833(0.805-0.862) o
according to each factor of the FIB-4 0.753(0.717-0.790) —eo— <0.01
cardiometabolic criteria. Forest NES 0.757 (0.719-0.794) —e— <0.01
plots showing AUROCs with BMI = 23 kg/m?
T ety cr o2 07a50539) ——
. . . No FIB-4 0.624(0.498-0.751) k & { <0.01
MASLD with or without posi- | = |
tive cardiometabolic criteria. NFS 0.651(0.520-0.781) v g ’ <0.05
p<0.05 and p <0.01 were ELF 0.831(0.801-0.861) o
determined using the Delong Yes FIB-4 0.766(0.728-0.803) —o— <0.01
test with Bonferroni correction NFS 0.767(0.729-0.806) —eo— <0.01
to compare the AUROC to the Prediabetes/T2DM
ELF test. AUROC area under ELF  0.870(0.806-0.935) ——
the receiver-operating charac- No FIB-4 0.859(0.775-0.943) ——
teristic, BMI body mass index, NFS 0.847(0.747-0.946) ——
CI confidence interval, ELF ELF 0.828(0.797-0.859) e
enhanced liver fibrosis, FIB-4 Yes FIB-4 0.738(0.699-0.777) —e— <0.01
fibrosis-4, HDL high-density NFS  0.743(0.702-0.784) —o— <0.01
lipoprotein, MASLD metabolic Hypertension
stfun.ctlon—assomated §teat9tlc ELF 0.879 (0.836-0.923) —e—
ivs‘: ‘ji,s;;slfo Ill\gl:f) Egﬁc”f‘:ﬁ;”e No  FIB-4 0.757(0.695-0.819) —e— <0.01
liver disease fibrosis s NFS  0.742(0.673-0.811) —— <0.01
iver disease fibrosis score, —e
T2DM type 2 diabetes mellitus ELF 0.792(0.753-0.832)
Yes FIB-4 0.741(0.695-0.787) —eo—
NFS 0.746 (0.700-0.792) —e—
Hypertriglyceridemia
ELF  0.815(0.777-0.854) —o—
No FIB-4 0.755(0.709-0.801) —e—
NFS 0.757(0.710-0.804) —e—i
ELF 0.858 (0.816-0.900) —e—
Yes FIB-4 0.743(0.683-0.802) —e— <0.01
NFS  0.747(0.683-0.811) _— <0.01
Hypo-HDL-cholesterolemia
ELF  0.829(0.790-0.867) —e—
No FIB-4 0.775(0.727-0.823) —e—
NFS  0.803(0.757-0.849) —e—
ELF  0.840(0.798-0.881) —eo—
Yes FIB-4 0.729(0.674-0.783) e <0.01
NFS  0.702(0.643-0.752) —e— <0.01

I 1 I I I I 1

0.4 0.5 0.6 0.7 0.8 0.9 1.0
AUROC (95%Cl)

index and NFS, regardless of the specific factors or the total
number of positive cardiometabolic criteria.

Discussion

In this multicenter retrospective observational study,
we examined the clinicopathological characteristics and
diagnostic performance of NITs in patients with MASLD
according to each factor and the number of positive car-
diometabolic criteria. Pathologic evaluation revealed sig-
nificant progression of hepatic steatosis in patients with
BMI > 23 kg/m? or hypo-HDL-cholesterolemia; lobular

inflammation in patients with hypertension or hypo-HDL-
cholesterolemia; ballooning in patients with prediabetes/
T2DM or hypertension; and hepatic fibrosis in patients with
prediabetes/T2DM or hypertension, compared with patients
without each factor. Among the five cardiometabolic criteria,
hypertension was a significant risk factor for advanced fibro-
sis and at-risk MASH in male patients, while no significant
risk factor was identified in female patients. Similar to the
stepwise increase in the number of positive cardiometabolic
criteria, there were gradual changes in associated factors,
such as body weight, BMI, triglyceride levels, and high-
density lipoprotein-cholesterol levels; however, no signifi-
cant alterations were observed in other laboratory findings.
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Hepatic ballooning and fibrosis progressed, with a stepwise
increase in the number of cardiometabolic criteria. Notably,
compared with patients with one or two cardiometabolic cri-
teria, the prevalence of advanced fibrosis increased signifi-
cantly in those with three or more. Additionally, a stepwise
increase in the number of positive cardiometabolic criteria
was associated with an increased risk of at-risk MASH.
Regarding the diagnostic performance of NITs, the ELF
test showed better performance for advanced hepatic fibro-
sis than the FIB-4 index and NFS for most factors of the
five cardiometabolic criteria. Moreover, its diagnostic per-
formance remained unaffected by an increase in the number
of positive cardiometabolic criteria.

From the vast amount of health checkup data in Japan,
two or more positive factors of the cardiometabolic criteria,
and hypertriglyceridemia in males or hypo-HDL-cholester-
olemia in females, were significant risk factors for develop-
ing MASLD in individuals without steatosis [32]. Based on
the previous report and our study, an increase in the num-
ber of positive cardiometabolic criteria strongly suggests
involvement not only in disease onset but also in hepatic
fibrosis progression in MASLD. However, individual factors
influencing the onset and progression of liver fibrosis differ
between males and females. The prevalence and severity of
MASLD vary across genders and age groups, primarily due
to differences in metabolism and hormone levels [33]. These
findings indicate that gender-specific factors contribute to
the onset and progression of MASLD.

According to reports from Western countries, the pro-
gression of hepatic fibrosis is strongly associated with
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liver-related events, as well as all-cause and liver-related
mortality in patients with MASLD [3-7]. Additionally, mor-
tality risk increases exponentially with advancing stages of
hepatic fibrosis [7]. In an Asian cohort, we reported that
hepatic fibrosis progression was associated with liver-related
events but not with overall mortality, based on a multicenter
retrospective study conducted by the Japan Study Group for
NAFLD [34]. These findings underscore the importance of
identifying risk factors involved in the progression of liver
fibrosis in MASLD. While ALT levels and age have been
suggested to correlate with hepatic fibrosis progression in
patients with MASLD [35], the present study focused on
identifying factors related to liver fibrosis progression using
the cardiometabolic criteria alone. The results indicate that
male patients with MASLD who have hypertension, as well
as all patients with an increased number of positive cardio-
metabolic criteria, are at elevated risk for advanced fibrosis
or at-risk MASH. Recent studies have reported that hyper-
tension is a risk factor for the progression of liver fibrosis in
MASLD [17, 18]. Hypertension contributes to liver fibrosis
progression through various mechanisms, such as increased
production of inflammatory cytokines and oxidative stress,
endothelial dysfunction, systemic vascular remodeling,
reduced hepatic blood flow, worsening insulin resistance,
and dyslipidemia [18]. Additionally, hypertension increases
the risk of adverse clinical outcomes, including all-cause
mortality, cardiovascular events, and progression of liver
fibrosis in longitudinal observational studies [18]. Further-
more, an association has been reported between the num-
ber of positive cardiometabolic criteria and the cumulative
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incidence of major adverse cardiovascular events, but not
liver-related events [36]. Although further investigation is
required to clarify these relationships, patients with MASLD
and hypertension or three or more positive factors should be
monitored closely in clinical practice.

Therefore, regular monitoring of liver fibrosis progres-
sion using NITs is crucial. This study demonstrated that the
ELF test provides higher diagnostic performance than the
FIB-4 index and NFS. Regardless of the factor or number of
positive cardiometabolic criteria, the AUROCS of the ELF
test were > 0.80 in all cases, except 0.79 in patients with
hypertension. In contrast, the AUROCs of the FIB-4 index
and NFS were < 0.8 in most cases and decreased progres-
sively with an increasing number of positive cardiometabolic
criteria. Both the American Association for the Study of
Liver Diseases (AASLD) and European Association for the
Study of the Liver (EASL) guidelines have recommended
the FIB-4 index as the initial step in the diagnostic algorithm
for assessing hepatic fibrosis progression. As a second step,
the ELF tests or imaging techniques, such as transient elas-
tography, are recommended for evaluating hepatic fibrosis
[31, 37]. As approximately 75% of patients with MASLD in
this study met three or more positive cardiometabolic crite-
ria, a multistep diagnostic approach using the FIB-4 index, a
simple test, followed by the ELF test—which remains unaf-
fected by cardiometabolic criteria—is effective for assessing
hepatic fibrosis stages.

As limitations, liver biopsies were conducted under the
supervision of hepatologists at general hospitals of similar
size in a multicenter clinical setting, and all specimens
were subsequently reevaluated by an experienced central
pathologist. Nevertheless, the possibility of center-specific
biases between facilities cannot be entirely excluded. This
retrospective observational study analyzed data exclu-
sively from Japanese patients; therefore, BMI criteria
were based on Asian standards. Additionally, the focus
was exclusively on the factors and number of positive car-
diometabolic criteria and not on severity, medications, or
treatment outcomes. Therefore, these excluded variables
may affect liver inflammation and fibrosis, potentially
leading to an underestimation of the association between
cardiometabolic criteria and MASLD pathophysiology.
Furthermore, in accordance with the cardiometabolic cri-
teria, the state of prediabetes prior to the onset of T2DM
was also included among the positive factors. Therefore,
while recent studies have indicated a strong association
between T2DM and liver fibrosis [11-16], prediabetes/
T2DM may not have emerged as a risk factor in this
cohort. Additionally, the potential effects of other vari-
ables, such as ALT levels and age, were not assessed. In
clinical practice, it is important to consider not only the

positive cardiometabolic criteria but also other relevant
factors, including ALT levels and age. Meanwhile, all
patients in this study underwent liver biopsy, and this
cohort may have a relatively high proportion of advanced
fibrosis and at-risk MASH compared to outpatients with
MASLD who did not undergo biopsy. Therefore, the cur-
rent results may not be directly generalizable to typical
outpatients with MASLD or to primary-care screening set-
tings. Furthermore, the long-term prognosis has not yet
been studied fully. These aspects should be investigated on
a larger scale with an unselected population and through
prospective studies as the validation cohort.

Conclusions

Hypertension in male patients and an increase in the
number of positive cardiometabolic criteria affect the
progression of hepatic fibrosis in patients with MASLD.
The diagnostic performance of the ELF test for advanced
hepatic fibrosis was maintained regardless of the factor or
the number of positive cardiometabolic criteria. Individual
factors and the number of positive cardiometabolic criteria
should be considered in MASLD practice.
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