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ABSTRACT

Background/Aims: The newly proposed metabolic dysfunction-associated steatotic liver disease (MASLD) framework reflects the evolv-
ing understanding of fatty liver disease, highlighting the importance of exploring novel risk factors beyond traditional metabolic indi-
cators. This study aimed to examine the associations between systemic inflammatory indices and the prevalence of MASLD and liver
fibrosis.

Materials and Methods: Data from the 2017 MASLD framework reflects the evolving regression was used to assess associations of sys-
temic inflammatory indices—systemic immune-inflammation index (Sll), systemic inflammation response index (SIRI), platelet-to-lym-
phocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), prognostic nutritional index (PNI), aggregate index of systemic inflammation
(AISI), inflammation burden index (IBl), neutrophil-to-lymphocyte ratio, neutrophil-to-albumin ratio, and pan-immune-inflammation
value (PIV)—with MASLD assessed by controlled attenuation parameter (CAP) and liver fibrosis assessed by liver stiffness measurement
(LSM), adjusting for confounders.

Results: Analysis of CAP and MASLD revealed that elevated S, SIRI, LMR, IBl, and PNI were significantly associated with higher CAP
values, reflecting increased hepatic steatosis, while PLR showed a negative association. Regarding LSM and liver fibrosis, higher SIRI,
PNI, IBI, and AlSI were significantly associated with increased liver stiffness, whereas PLR remained inversely related.

Conclusion: This nationally representative study demonstrates that systemic inflammatory dysregulation is linked to both MASLD and

liver fibrosis, with distinct biomarker patterns for steatosis and fibrosis.
Keywords: CAP, liver fibrosis, LSM, MASLD, NHANES, systemic inflammation index

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has emerged
over the past 3 decades as the leading cause of chronic
liver disease worldwide, paralleling the global epidemics of
obesity and type 2 diabetes mellitus (T2DM).! Defined by
the accumulation of hepatic steatosis in the absence of
significant alcohol consumption or other specific etiolo-
gies, NAFLD encompasses a broad histological spectrum
ranging from simple steatosis to nonalcoholic steatohep-
atitis, advanced fibrosis, and cirrhosis.! Despite its wide-
spread use, the NAFLD framework has been criticized
for its reliance on exclusion criteria, which may obscure
the underlying metabolic pathogenesis and complicate
both clinical diagnosis and research comparability.? To
address these shortcomings, the concept of metabolic
dysfunction-associated fatty liver disease (MAFLD) was
introduced in 2020, representing a paradigm shift from
an exclusionary to an inclusionary definition.? Metabolic

dysfunction-associated fatty liver disease diagnosis
requires evidence of steatosis together with overweight/
obesity, T2DM, or specific metabolic abnormalities (e.g.,
increased waist circumference, hypertension, elevated
triglycerides, reduced high-density lipoprotein choles-
terol (HDL-C), prediabetes, insulin resistance, or elevated
C-reactive protein level).? Clinical studies in patients with
type 2 diabetes have highlighted that MAFLD is frequently
underdiagnosed in routine practice and is associated with
a substantial risk of advanced fibrosis, emphasizing the
need for improved identification and monitoring strate-
gies.* This reclassification underscores the central role
of metabolic derangements in disease initiation and pro-
gression, facilitates risk stratification, and strengthens the
integration of fatty liver disease into the broader spectrum
of cardiometabolic disorders.® Importantly, MAFLD high-
lights the systemic implications of fatty liver, positioning
it not merely as a hepatic condition but as a manifestation
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of multisystem metabolic dysfunction.® Building on this
transition, hepatology societies in 2023 endorsed the
nomenclature Metabolic dysfunction - associated stea-
totic liver disease (MASLD).* MASLD retains the focus on
metabolic drivers while removing stigmatizing terminol-
ogy and simplifying diagnostic language.” In addition, by
avoiding rigid exclusion rules, MASLD provides a more
flexible and clinically adaptable framework.”

Systemic inflammation plays a fundamental role in the
initiation and progression of many chronic metabolic and
hepatic disorders. In recent years, a variety of hemato-
logical and biochemical indices have been developed
to quantify inflammatory activity and immune-nutri-
tional balance using readily available clinical parameters.
Among them, the systemic immune-inflammation index
(Sll) and the systemic inflammation response index (SIRI)
integrate neutrophil, lymphocyte, monocyte, and plate-
let counts, providing a dynamic reflection of the interplay
between innate and adaptive immunity.2® The prognostic
nutritional index (PNI), derived from albumin concentra-
tion and lymphocyte counts, extends this framework by
linkingimmune competence with nutritional status, which
is particularly relevant in chronic liver disease.'® Likewise,
the platelet-to-lymphocyte ratio (PLR) and lymphocyte-
to-monocyte ratio (LMR) have been widely explored as
indicators of systemic immune imbalance and fibrogenic
activity. Beyond these established markers, several novel
indices have been proposed to capture more complex
inflammatory interactions."'2 The aggregate index of sys-
temic inflammation (AISI) incorporates multiple hemato-
logical variables into a single composite score, whereas
the neutrophil-to-prealbumin ratio (NPAR) provides a
sensitive marker of inflammation tightly coupled with
protein metabolism."”® The neutrophil-to-lymphocyte
ratio (NLR), one of the most extensively studied indices,
has been consistently shown to increase in parallel with
greater disease severity across diverse clinical settings.'?

Main Points

Associations between systemic inflammatory biomarkers
and liver health were evaluated, with controlled attenua-
tion parameter reflecting hepatic steatosis and liver stiff-
ness measurement reflecting liver fibrosis.

Elevated inflammatory indices were linked to higher odds of
metabolic dysfunction-associated steatotic liver disease.
This study provides novel evidence on the relationship
between composite systemic inflammatory indices and
liver fibrosis, an area previously unexplored in population-
based cohorts.

The inflammatory burden index (IBl), which combines
C-reactive protein with leukocyte parameters, reflects
both acute-phase and chronic inflammatory responses.™
More recently, the pan-immune-inflammation value
(PIV), integrating neutrophils, lymphocytes, monocytes,
and platelets, has emerged as a comprehensive mea-
sure of systemic immune activation.’ Together, these
indices offer complementary insights into the inflamma-
tory milieu of chronic diseases. Their application in the
context of MASLD is particularly promising, as inflamma-
tion is a key link between metabolic dysregulation and
hepatic fibrogenesis. Comparative assessment of these
indices can clarify which markers correlate most consis-
tently with disease severity and thereby guide targeted
validation in prospective studies.

Previous studies have investigated associations between
systemic inflammatory indices and MASLD, yet their
potential link with hepatic fibrosis has not been ade-
quately clarified.'® Considering the central role of inflam-
mation in both steatosis and fibrogenesis, clarifying these
links is of particular interest. The interactions between
hepatic cells and microenvironments play a critical role in
fibrosis progression, providing a mechanistic rationale for
investigating systemic inflammatory indices in relation
to liver stiffness and fibrogenesis."” Vibration-controlled
transient elastography (VCTE) offers a practical, nonin-
vasive approach to capture hepatic changes: the con-
trolled attenuation parameter (CAP) reflects steatosis
through ultrasound attenuation, whereas liver stiffness
measurement (LSM) quantifies fibrosis via shear wave
velocity.'® In this study, prior work is extended by evaluat-
ing a broader spectrum of systemic inflammatory indices,
incorporating both widely used markers and less fre-
quently examined metrics. This expanded panel enables
a more comprehensive characterization of inflammatory
status and its potential relevance to MASLD and fibro-
sis. The objective is to investigate cross-sectional asso-
ciations between these indices and hepatic outcomes,
thereby contributing population-based evidence to
refine understanding of the inflammatory component of
metabolic liver disease.

MATERIALS AND METHODS

Study Population

This study was based on de-identified, publicly available
data from the 2017-2020 National Health and Nutrition
Examination Survey (NHANES) cycle, which requires
no additional ethical approval nor informed consent.
Biochemical parameters, including fasting plasma glucose,
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lipid profile, and liver enzymes, were measured using
standardized NHANES laboratory procedures. All assays
were performed in NHANES-certified laboratories using
automated analyzers according to manufacturer proto-
cols. According to the institution’s guidelines for research
involving human subjects, such analysisis deemed exempt
from ethics approval and informed consent because the
data contain no identifiable private information and the
study participants have provided prior consent. The initial
dataset comprised 15 560 participants. Exclusion criteria
were applied sequentially to ensure data completeness
and reduce potential confounding. Participants with-
out liver elastography data, those with hepatitis B or C,
and individuals reporting heavy alcohol consumption (=3
drinks/day for men and 22 drinks/day for women) were
excluded. Additional exclusions included participants with
incomplete demographic or clinical characteristic data
(n = 2633) and those with missing laboratory measures
necessary for inflammatory indices calculation, such as
complete blood count and albumin (n = 53). After apply-
ing these criteria, the final analytical sample consisted
of 4450 participants. A schematic representation of the
cohort selection process is provided in Figure 1.

15560 participants in NHANES
2017-2020

Calculation of Systemic Inflammatory Indices

A comprehensive set of systemic inflammatory indices
was derived from hematological and biochemical param-
eters available in the survey. Systemic immune-inflam-
mation index was calculated as platelet x neutrophil /
lymphocyte, and SIRI as neutrophil x monocyte / lympho-
cyte. Prognostic nutritional index was determined as albu-
min+5 x lymphocyte, reflecting the combined effect of
nutritional and immune status. Ratios such as PLR (plate-
let / lymphocyte), NLR (neutrophil / lymphocyte), and
LMR (lymphocyte / monocyte) were computed to capture
the relative balance of different circulating immune cells.
More complex indices included AlSI, defined as neutrophil
x monocyte x platelet / lymphocyte, and PIV, expressed
as platelet x neutrophil x monocyte / lymphocyte, both
designed to integrate multiple immune components into
a single composite score. In addition, NPAR was calcu-
lated as neutrophil / albumin, and IBI as C-reactive pro-
tein x neutrophil / lymphocyte, incorporating markers of
systemic inflammation and protein metabolism.& All
indices were subsequently categorized into quartiles to
evaluate their associations with MASLD and significant
liver fibrosis (Supplementary Table 1).

Ineligible for ultrasound
or not complete data

9021 participants with complete
liver ultrasound transient
elastography examinations

(n=6539)

1.Hepatitis B or C (n=665)

V.

7136 participants after exclusion

2.Heavy alcohol intake
(n=1220)

1.Missing data on basic
characteristic (n=2633)
2.Missing data on complete

v
4450 participants available for
analysis of MASLD

Figure 1. Flowchart of participant selection.

blood count and albumin
(n=53)
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Definition of Metabolic Dysfunction-Associated
Steatotic Liver Disease

Metabolic dysfunction-associated steatotic liver disease
was defined by the presence of hepatic steatosis in indi-
viduals without significant alcohol consumption or viral
hepatitis. Participants were considered to meet MASLD
criteria if they exhibited hepatic fat accumulation along-
side 1 or more of the following metabolic abnormalities:
(1) overweight or central obesity, indicated by a body mass
index (BMI) = 25 kg/m? or a waist circumference (WC) =
94 cm in men and 280 cm in women; (2) impaired glyce-
mic control, defined as fasting plasma glucose (FPG) = 5.6
mmol/L (2100 mg/dL), HbA1c = 5.7%, a prior diagnosis of
T2DM, or current antidiabetic therapy; (3) elevated blood
pressure, specified as systolic/diastolic = 130/85 mmHg or
ongoing antihypertensive treatment; (4) hypertriglyceri-
demia, defined by triglyceride (TG) levels = 1.70 mmol/L (=
150 mg/dL) or current use of lipid-lowering medications;
and (5) reduced HDL-C, defined as <1.0 mmol/L (<40 mg/
dL) for men or <1.3 mmol/L (<50 mg/dL) for women, or
current lipid-lowering therapy. This definition emphasizes
the central role of metabolic dysfunction in the develop-
ment of hepatic steatosis and aligns with contemporary
consensus recommendations for MASLD diagnosis.®

Assessment of Liver Steatosis and Fibrosis

Hepatic steatosis and fibrosis were evaluated using VCTE.
Participants were instructed to fast for a minimum of 3
hours prior to the examination. For each individual, at least
10 valid liver measurements were obtained, and quality
control was ensured by maintaining an interquartile range
to median ratio below 30%. Hepatic steatosis was defined
by a CAP value of 2260 dB/m,'®2° in accordance with pre-
viously validated thresholds. Significant liver fibrosis was
assessed using LSM, with values =7 kPa considered indic-
ative of significant fibrosis.?'22 This noninvasive approach
allows reliable, quantitative assessment of both steato-
sis and fibrosis, facilitating standardized evaluation of
hepatic pathology across large population-based cohorts.
According to the recent guideline-recommended cutoffs
(CAP >288 dB/m and LSM >8 kPa), a supplementary anal-
ysis was additionally performed using these thresholds.?

Covariate Evaluation

Demographic and lifestyle information was collected
using a standardized, self-administered questionnaire,
encompassing age, sex, race/ethnicity, educational attain-
ment, marital status, poverty-income ratio (PIR), alcohol
intake, physical activity, and medication use. Poverty-
income ratio was calculated as the ratio of family income

to the federal poverty threshold, adjusted for family size
and survey year, and categorized into 3 groups (<1.30,
1.30-3.50, >3.50) to indicate low, middle, and high socio-
economic status.?* Physical activity was quantified using
the metabolic equivalent of task (MET) method, calcu-
lated as MET x weekly frequency x duration per session,
with a value of O representing no activity. Participants
were classified according to established recommenda-
tions, with a threshold of 600 MET-minutes per week
indicating adequate activity for adults.2> Smoking expo-
sure was assessed via serum cotinine concentrations.?627
Diabetes mellitus was defined by fasting plasma glucose
>7.0 mmol/L, HbA1c = 6.5%, a self-reported physician
diagnosis, or current use of antidiabetic medications.?®
Hypertension was identified by systolic/diastolic blood
pressure 2130/80 mmHg or ongoing antihypertensive
therapy.?® Alcohol consumption was classified into 2 cat-
egories: abstainers and moderate drinkers, defined as 1-2
drinks per day for men and 1 drink per day for women.%°

Statistical Analysis

Continuous variables are reported as means with SDs,
and categorical variables as proportions. Weighted t-tests
were applied to assess differences in continuous vari-
ables, while chi-square tests were used for categorical
comparisons. The association between systemic inflam-
matory index and CAP, as well as LSM, was first examined
using linear regression models. To account for potential
confounding, 3 progressively adjusted models were con-
structed: the unadjusted model, a second model adjust-
ing for demographic and socioeconomic factors (age,
sex, ethnicity, education, marital status, PIR, physical
activity, and BMI), and a fully adjusted model that addi-
tionally incorporated smoking, alcohol consumption,
diabetes, and hypertension. Logistic regression analyses
were subsequently conducted to evaluate the relation-
ship of indices with MASLD and significant liver fibrosis,
supplemented by subgroup analyses stratified by age,
sex, and BMI. Restricted cubic spline analysis was used to
explore potential nonlinear associations, and propensity
score matching was performed to minimize selection bias
before reassessing associations with logistic regression.
Finally, the diagnostic accuracy of the individual index was
evaluated using receiver operating characteristic (ROC)
curve analysis, with area under the curve values com-
pared to assess discriminative performance. To further
assess the relationship between systemic inflammatory
indices and fibrotic steatohepatitis, the FibroScan-AST
(FAST) score was additionally calculated for participants
with available LSM, CAP, and AST data, and analyzed as
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a noninvasive surrogate of at-risk metabolic dysfunc-
tion-associated steatohepatitis (MASH).3" All statistical
analyses were conducted using R software version 4.1.0
(R Foundation for Statistical Computing; Vienna, Austria)
and Stata version 16.0, (StataCorp LLC; College Station,
TX, USA).

RESULTS

Baseline Characteristics of the Study Population

A total of 4450 participants were included in the final
analysis, and their baseline characteristics are summa-
rized in Supplementary Table 2. Significant differences
emerged between participants with MASLD and those
without, particularly in demographic and lifestyle factors
such as sex, ethnicity, marital status, smoking behavior,
physical activity, diabetes, hypertension, and BMI (all P <
.05). Individuals with MASLD also exhibited higher values
of age, WC, TC (total cholesterol), TG, HbA1c (glycated
hemoglobin), FPG, SlI, SIRI, PNI, NPAR, PIV, IBI, and AlSI,
whereas HDL-C and PLR were significantly lower (all P <
.05). When stratified by fibrosis status, participants with
significant liver fibrosis differed significantly from those
without in terms of sex, ethnicity, marital status, education
level, physical activity, diabetes, hypertension, and BMI (all
P < .05). In contrast, TC and SIRI did not show significant
variation between fibrosis groups. Detailed baseline char-
acteristics are presented in Supplementary Table 2.

Associations Between Systemic Inflammatory Indices
with Controlled Attenuation Parameter and Liver
Stiffness Measurement

The relationships between systemic inflammatory indices
and CAP are summarized in Table 1. In Model 1, elevated
SII, SIRI, LMR, IBI, and PNI were significantly and positively
associated with CAP compared to the reference group,
whereas PLR exhibited a negative association. These
patterns persisted in both Model 2 and Model 3, indicat-
ing robustness to covariate adjustment. Specifically, Sl,
SIRI, LMR, IBIl, and PNI showed positive correlations with
CAP, with correlation coefficients ranging from 0.619 to
0.790 (all P < .05), while PLR demonstrated an inverse
association (Q4 vs. Q1: = -0.599, P =.027). The associa-
tions of NLR, NPAR, PIV, and AISI with CAP are detailed
in Table 1. Table 2 presents the corresponding associa-
tions with LSM. In Model 1, higher SIRI, IBI, and AISI were
significantly linked to increased LSM, while PLR remained
inversely associated. Quantitatively, higher SIRI, PNI, and
AlSl were associated with increased LSM (Q4 vs. Q1: SIRI B
=0.619, P=.011; PNI p = 0.480, P =.035; AISI p = 0.480, P
=.035), whereas PLR again showed a negative association

(Q4 vs.Q1:p=-0.599, P =.027). These relationships were
largely maintained in Models 2 and 3 after further adjust-
ment. The associations of Sll, LMR, NLR, NPAR, PIV, and
PNI with LSM are reported in Table 2.

Associations Between Systemic Inflammatory Indices
for Metabolic Dysfunction-Associated Steatotic Liver
Disease and Significant Liver Fibrosis

As summarized in Table 3, SlI, SIRI, LMR, I1BI, and PNI were
significantly and positively associated with MASLD in
the minimally adjusted model, whereas PLR showed an
inverse relationship. Specifically, SlI, SIRI, LMR, IBI, and
PNI demonstrated positive associations with MASLD
(Sl OR 1.442, 95% CI 1.0568-1.966, P = .021; SIRI OR
1.517,95% CI1 1.101-2.090, P = .011; LMR OR 1.423, 95%
Cl 1.047-1.934, P = .024; PNI OR 1.829, 95% CI 1.353-
2.473, P < .001; IBI OR 1.788, 95% Cl 1.296-2.466, P <
.001), while PLR was inversely associated (OR 0.682, 95%
Cl 0.510-0.911, P = .009). These associations remained
stable across Models 2 and 3. Findings for NLR, NPAR,
PIV, and AlSI are provided in Table 3. Table 4 presents the
corresponding results for significant liver fibrosis. Higher
SIRI, PNI, IBI, and AISI were associated with increased
fibrosis risk (SIRIOR 1.423,95% C11.047-1.935, P =.024;
PNI OR 1.644, 95% CIl 1.209-2.236, P = .002; AISI OR
1.445, 95% Cl 1.052-1.986, P = .023; IBI OR 2.779, 95%
Cl1.478-5.224, P = .002), whereas PLR demonstrated an
inverse association (OR 0.666, 95% CIl 0.490-0.906, P =
.009). These patterns remained broadly consistent after
further adjustment. Additional associations involving SlI,
LMR, NLR, NPAR, and PIV are reported in Table 4.

In addition, Supplementary Table 3 summarizes the asso-
ciations between inflammatory indices and at-risk MASH.
Systemic immune-inflammation index, SIRI, LMR, PNI,
and IBl showed positive associations with MASH, whereas
PLR remained inversely related. The data was addition-
ally reanalyzed using CAP >288 dB/m and LSM >8 kPa.
For MASLD (CAP >288 dB/m), SIRI, PNI, LMR, IBI, and Sl
remained positively associated across quartiles, whereas
PLR continued to show an inverse association. Similarly,
for significant liver fibrosis (LSM >8 kPa), higher SIRI, PNI,
and IBl were associated with increased fibrosis risk, while
PLR consistently demonstrated a protective pattern
(refer to Supplementary Table 4).

Receiver operating characteristic curve analysis indi-
cated generally low discriminative ability of the inflam-
matory indices. For MASLD, SIRI (AUROC [area under the
receiver operating characteristic curve] = 0.576) and PNI
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Table 1. Correlations of Systemic Inflammatory Indices with Controlled Attenuation Parameter

Q2 Q3 Q4
Index Model Q1 OR (95% Cl) P OR (95% Cl) [ OR (95% Cl) P
Sl model1  ref 1.647 (-9.126 to 5.831) .666 4.465 (-3.202 to 12.132) 254 9.939 (2.071-17.806) .013
model2 ref  1.851(-5.505 to 9.207) 622 5264 (-1.976 t0 12.505) 154 6.682 (0.744-12.620) 027
model3 ref  1.829 (-4.202 to 7.859) 552 5.247 (-1.926 t0 12.420) 152 8.148 (2.188-14.109) 007
SIRI model1  ref 13.228 (5.977-20.479) <.001 16.165 (8.706-23.623) <.001 24187 (16.512-31.862) <.001
model2  ref 14.418 (7.496-21.341) <.001 19.361 (12.264-26.457) <.001 29.545 (21.991-37.098) <.001
model3 ref 8.653 (2.661-14.645) 005 8.654 (2.473-14.835) 006 13.997 (7.558-20.435) <.001
PLR model1 ref -7.652(-15.535t0 0.232) .057 -10.888 (-18.743 t0 -3.032) .007 -17.912(-25.482to0 -10.341) <.001
model2 ref -5.644 (-12.965t01.677) 131 -8.732 (-16.042 to —-1.422) .019  -16.834 (-23.866 to -9.803) <.001
model3 ref -6.065(-12.081t0-0.049) .048  -7.218 (-12.838to-1.598)  .012  -11.877 (-17.692to -6.061)  <.001
LMR  modell ref 1.624 (-5.665 to 8.913) .662 17.508 (10.151-24.865) <.001 19.586 (12.152-27.020) <.001
model2  ref 1.666 (-5.523 to 8.855) .650 6.912 (0.862-12.963) .025 8.166 (0.381-15.951) .039
model3 ref  3.725(-2.312t0 9.763) 226 8.128 (1.652-14.604) 014 8.805 (2.283-15.327) 008
PNI model1  ref 7.122 (-0.353 to 14.596) .062 12.706 (5.584-19.829) <.001 25.245 (17.344-33.147) <.001
model2  ref 10.139 (2.792-17.486) .007 16.902 (9.963-23.840) <.001 29.795 (22.381-37.209) <.001
model3 ref 16.213 (10.039-22.388) <.001 16.213 (10.039-22.388) <.001 16.213 (10.039-22.388) <.001
NLR  model1 ref 0.745 (-6.678 t0 8.168) 844 -4.481 (-12.090 to 3.127) 248 1.755 (-5.056 to 8.566) 613
model2  ref 0.473 (-7.468 to 6.522) .895 -6.770 (-13.887 to 0.347) .062 -4.083 (-11.005 to 2.839) 248
model3 ref  0.171 (-5.485 to 5.828) 953 -4.790 (-10.793t0 1.214) 118 2.775 (-3.454 to 9.004) 383
NPAR model1 ref 10.907 (3.368-18.445) .005 12.607 (5.317-19.897) .001 15.640 (7.890-23.391) <.001
model2  ref 9.639 (2.502-16.776) .008 10.292 (3.314-17.269) .004 12.701 (5.267-20.135) .001
model3 ref  2.802 (-3.030 to 8.634) 346 -1578 (-7.731t0 4575) 615  -2.608 (-8.909 to 3.693) 417
PIV modell  ref 6.239 (-0.902 to 13.381) .087 16.933 (9.460-24.406) <.001 21.720 (14.461-28.980) <.001
model2  ref 3.303 (-3.585 t0 10.190) 347 12.778 (5.505-20.052) <.001 13.820 (6.498-21.142) <.001
model3  ref 0.188 (-6.066 to 5.690) 951 0.910 (-5.391to 7.211) T77 0.595 (-5.677 to 6.867) .852
1BI modell  ref 15.960 (9.072-22.849) -1.852 39.609 (32.794-46.424) <.001 48.995 (41.490-56.499) <.001
model2  ref 4.115 (-1.642 t0 9.873) 161 16.213 (10.039-22.388) <.001 23.039 (16.442-29.635) <.001
model3  ref 4.230 (-1.498 to 9.958) 148 14.825 (8.793-20.858) <.001 18.146 (11.717-24.575) <.001
AlSI modell  ref 0.614 (-7.647 to 6.419) .864 -3.157 (-10.893 to 4.579) 424 -1.647 (-9.126 to 5.831) .666
model2 ref -5.427 (-12.985 to 2.130) .878 1.889 (-9.593 t0 5.816) .631 1.945 (-9.751 to 5.860) 625
model3 ref  -3.501(-9.454 t02.452) 249 2.223 (-3.595 to 8.041) 454 1.708 (-4.312 to 7.729) 578

AlSI, aggregate index of systemic inflammation; IBI, inflammatory burden index; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
NPAR, neutrophil percentage to albumin ratio; OR, odds ratio; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutri-
tional index; SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.

(AUROC = 0.565) showed modest performance, while SlI
and LMR were close to non-informative. Inflammatory
burden index reached an AUROC of 0.652, represent-
ing the highest among the tested indices (Figure 2;
Supplementary Table 5). For significant liver fibrosis, SIRI,
PNI, and AISI all produced AUROC values slightly above
0.5, reflecting limited diagnostic value, whereas IBI
showed somewhat better separation with an AUROC of

0.604 (Supplementary Table 5). Restricted cubic spline
analysis based on Model 3 further revealed nonlinear
associations between several indices and both MASLD
and fibrosis (Figures 3 and 4).

Stratified and Sensitivity Analyses
Stratified multivariable regression analyses are illus-
trated in Supplementary Figures 1 and 2. A significant
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Table 2. Correlations of Systemic Inflammatory Indices with Liver Stiffness Measurement

Q2 Q3 Q4
Index Model Q1 OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Sl model1 ref 0.022 (-0.495 to 0.452) 929 0.132 (-0.334 t0 0.599) 578 0.203 (-0.240 to 0.646) .369
model2 ref 0.180 (-0.335 to 0.694) 493 0.007 (-0.506 to 0.491) 977 0.057 (-0.454 to 0.341) 781
model3  ref 0217 (-0.272t00.707)  .384  0.090 (-0.379t00.558)  .707  0.015(-0.360t00.390)  .937
SIRI model1 ref 0.025 (-0.521t0 0.471) 921 -0.296 (-0.774 t0 0.182) 224 0.685 (0.237-1.133) .003
model2 ref 0.002 (-0.452 to 0.456) 993 0.265 (-0.183 t0 0.713) 246 1.680 (1.222-2.310) .001
model3  ref  0.003(-0.453t00.458) .991  0.145(-0.593t00.303)  .526 0.619 (0.145-1.093) 011
PLR model1 ref  -0.434 (-0.946 to 0.078) .096 -0.438 (-0.941 to 0.065) .088 -0.639 (-1.133 to 0.144) .011
model2 ref -0.348 (-0.840t0 0.144) 166 -0.488 (-1.008 to 0.032) .066 -0.547 (-1.016 to 0.078) .022
model3  ref -0.337(-0.821t00.147) 173  -0.383(-0.844t00.077) 103  -0.599 (-1.129 t0 -0.069)  .027
LMR modell ref 0.086 (-0.632 to 0.460) 757 0.535 (-0.952 t0 0.118) 452 0.415 (-0.856 to 0.027) .066
model2 ref 0.194 (-0.359 t0 0.747) 491 -0.171 (-0.574 to 0.231) 404 0.041 (-0.487 to 0.406) .858
model3  ref  0.268(-0.256t00.792)  .316  -0.111(-0.501t00.280)  .663  0.020 (-0.443t0 0.404)  .927
PNI model1 ref 0.109 (-0.296 to 0.513) 223 0.213 (-0.251 t0 0.677) .369 0.582 (0.100-1.064) .018
model2 ref 0.151 (-0.239 to 0.541) 447 0.329 (-0.125 t0 0.784) 156 0.385(-0.183t0 0.713) 246
model3  ref  0.041(-0.352t00.434) 839 0176 (-0274t00.626)  .443  0.424 (-0.021t00.868)  .062
NLR modell ref 0.278 (-0.175t0 0.731) 229 0.056 (-0.332 to 0.444) 778 0.116 (-0.336 to 0.568) .615
model2 ref 0.224 (-0.216 to 0.665) 318 0.003 (-0.384 to 0.391) .986 0.082 (-0.379 to 0.543) 728
model3  ref  0.237(-0.189t00.663) 276  0.060 (-0.301t00.420) 745  0.266 (-0.189t00.721)  .252
NPAR modell ref 0.371 (-0.107 to 0.850) 128 0.370 (0.009-0.731) .044 0.611 (0.237-0.985) .001
model2 ref 0.418 (-0.044 to 0.880) .076 0.354 (-0.002 to 0.710) .052 0.561(0.176-0.946) .004
model3  ref  0.266(-0.170t00.702) 232  0.091(-0.254t00.437)  .605  0.174(-0.182t00.530)  .338
PIV modell ref 0.068 (-0.298 to 0.434) .716 -0.029 (-0.440 to 0.382) .89 0.601 (0.232-0.969) .001
model2 ref  -0.056 (-0.410 to 0.298) .758 0.062 (-0.402 to 0.525) 794 0.239 (-0.149 to 0.627) 228
model3 ref -0.156 (-0.495 to 0.182) .365 0.200 (-0.244 to 0.645) 377 -0.108 (-0.460 to 0.244) 548
IBI modell ref 0.182 (-0.233 to 0.597) .389 0.333 (-0.153 t0 0.819) 179 0.268 (-0.087 to 0.622) 139
model2 ref 0.233 (-0.167 to 0.632) 254 0.356 (-0.125 t0 0.838) 147 0.228 (-0.132 t0 0.588) 214
model3 ref 0.188 (-0.207 to 0.582) .352 0.218 (-0.251 t0 0.688) 362 0.039 (-0.382 to 0.304) .822
AlISI model1 ref 0.203 (-0.165 to 0.571) 279 0.447 (-0.036 to 0.931) .07 0.633 (0.261-1.006) .001
model2 ref 0.111 (-0.247 to 0.468) 544 0.369 (-0.090 to 0.828) 115 0.446 (0.072-0.820) .019
model3  ref  0.045(-0.297t00.388) 795  0.103(-0.237t00.442) 553 0.480 (0.034-0.926) 035

AlSI, aggregate index of systemic inflammation; IBI, inflammatory burden index; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
NPAR, neutrophil percentage to albumin ratio; OR, odds ratio; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutri-
tional index; SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.

association was observed only between SIRI and signifi-
cant liver fibrosis in the BMI-defined subgroup (P =.022),
whereas no statistically significant associations emerged
across other stratifications (all P > .05). Threshold effect
analyses further showed no evidence of nonlinear rela-
tionships for any systemic inflammatory index with
MASLD or significant fibrosis (all P for nonlinear >.05),
indicating the absence of identifiable inflection points in

these associations. To further assess robustness, propen-
sity score matching followed by logistic regression was
conducted for SIRI, PLR, PNI, IBI, and AISI in relation to
significant liver fibrosis (refer to Supplementary Table 6).
The results (Supplementary Tables 7 and 8) were consis-
tent with the main analyses, lending support to the sta-
bility of these findings. Given that the initial MASLD and
non-MASLD groups were already well balanced (2133 vs.
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Table 3. Correlations of Systemic Inflammatory Indices with Metabolic Dysfunction—Associated Steatotic Liver Disease

Q2 Q3 Q4
Index Model Q1 OR (95% Cl) [ OR (95% Cl) [ OR (95% Cl) [
Sl modelt  ref  0.937(0.732-1.199) 604 0.920 (0.714-1.185) 518 1.457 (1.125-1.888) 004
model2  ref  1.101(0.855-1.417) 455 1.268 (0.966-1.664) 087 1.386 (1.070-1.796) 013
model3  ref  1.125(0.845-1.498) 419 1.437 (1.061-1.946) 019 1.442 (1.058-1.966) 021
SIRI modelt  ref  1.318(1.021-1.700) 034 1.327 (1.029-1.711) 029 1.837 (1.421-2.375)  <.001
model2  ref  1.028 (0.767-1.378) 852 1.483 (1.143-1.925) .003 2.214 (1.683-2.282)  <.001
model3  ref  1.075 (0.798-1.448) 633 1.230 (0.916-1.653) 168 1.517 (1.101-2.090) 011
PLR modelt  ref  0.829 (0.639-1.076) 159 0.712 (0.551-0.921) .01 0.688 (0.533-0.889)  .004
model2  ref  0.880 (0.681-1.137) .007 0.737 (0.570-0.952) 02 0.682 (0.528-0.882)  .004
model3  ref  0.796 (0.588-1.076) 138 0.716 (0.532-0.962) 027 0.682 (0.510-0.911) .009
LMR modelt  ref  0.980 (0.759-1.266) 878 0.890 (0.695-1.139) 354 1.331 (1.035-1.713) 026
model2  ref  1.099 (0.854-1.415) 462 1.260 (0.968-1.640) .086 1.399 (1.076-1.818) 012
model3  ref  1.214 (0.914-1.613) 181 1.396 (1.015-1.919) 041 1.423 (1.047-1.934) 024
PNI modelt  ref  1.437(1.120-1.843) .004 1.437 (1.120-1.843) 004 1.813 (1.403-2.342)  <.001
model2  ref  1.265 (0.944-1.695) .007 1.498 (1.129-1.989) .005 1.845 (1.385-2.457)  <.001
model3  ref  1.303 (0.966-1.759) .083 1.525 (1.135-2.049) .005 1.829 (1.353-2.473)  <.001
NLR modelt  ref  1.038(0.807-1.336) 77 0.945 (0.736-1.214) 659 1.106 (0.928-1.318) 259
model2  ref  1.011(0.783-1.305) 932 0.879 (0.684-1.129) 312 1.064 (0.794-1.426) 877
model3  ref  1.045 (0.776-1.408) 771 0.922 (0.685-1.242) 593 0.836 (0.618-1.131) 246
NPAR  modell  ref  0.920 (0.714-1.185) 518 1.459 (1.125-1.894) 004 1.535 (1.190-1.981) .001
model2  ref  0.944 (0.719-1.240) 679 1.407 (1.086-1.823) .01 1.358 (1.047-1.762) 021
model3  ref  1.159 (0.864-1.555) 326 0.911 (0.665-1.248) 562 0.816 (0.600-1.110) 195
PIV modelt  ref  1.086 (0.837-1.409) 534 1.507 (1.163-1.953) .002 1.666 (1.293-2.145)  <.001
model2  ref  1.019 (0.782-1.329) 887 1.391 (1.064-1.820) 016 1.386 (1.060-1.812) 017
model3  ref  0.886 (0.650-1.209) 447 0.937 (0.685-1.281) 682 0.908 (0.662-1245) 548
IBI modell  ref  1.651(1.269-2.149) <001  3.260 (2.509-4.237)  <.001 4.091(3.119-5.366)  <.001
model2  ref  1.178 (0.886-1.565) 26 1.734 (1.286-2.338) <001  2.084 (1.540-2.821)  <.001
model3  ref  1.177 (0.874-1.584) 284 1.667 (1.229-2.262) .001 1.788 (1.296-2.466)  <.001
AlSI modell  ref  0.972(0.749-1.261) 832 1.552 (1.201-2.005) .001 1.499 (1.165-1.928) .002
model2  ref  0.925(0.711-1.203) 56 1.496 (1.159-1.932) .002 1.375 (1.062-1.779) 016
model3  ref  1.000 (0.751-1.331) 997 0.799 (0.589-1.084) 152 0.873 (0.649-1.175) 371

AISI, aggregate index of systemic inflammation; IBI, inflammatory burden index; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
NPAR, neutrophil percentage to albumin ratio; OR, odds ratio; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutri-
tional index; SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.

2317), additional propensity score matching was not per-
formed for MASLD.

DISCUSSION

Previous research from population-based cohorts link-
ing systemic inflammatory markers with significant liver
fibrosis assessed by transient elastography remains

scarce.'®® Although several markers have been studied,
others have not been systematically investigated.'®2
Leveraging nationally representative NHANES data with
VCTE assessments, a broad spectrum of inflammatory
indicators were evaluated in relation to hepatic steatosis
and fibrosis. The current analyses revealed that elevated
Sll, SIRI, LMR, and PNI were consistently associated with
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Table 4. Correlations of Systemic Inflammatory Indices with Liver Fibrosis

Q2 Q3 Q4
Index Model Q1 OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Sl modell  ref  0.996(0.751-1.321) 977  0.890 (0.668-1.187) 428 0.896 (0.661-1.214) 477
model2  ref  1.120(0.845-1.485)  .431  1.053(0.783-1.417) 732 1.089 (0.790-1.500) 604
model3  ref  1.194(0.884-1.613) 247  1.220 (0.892-1.669) 214 1.215 (0.863-1.710) 264
SIRI modell  ref  1.041(0.768-1.411) 796  1.275(0.949-1.713) 106 1.434 (1.063-1.933) 018
model2  ref  1.085(0.796-1.477)  .607  1.210 (0.873-1.678) 252 1.680 (1.222-2.310) .001
model3  ref 0954 (0.679-1.341) 205  1.156 (0.834-1.604) 384 1.423 (1.047-1.935) 024
PLR modell  ref  0.697 (0.520-0.935) .016  0.710 (0.530-0.952) 022 0.592 (0.441-0.795)  <.001
model2  ref 0713 (0.532-0.954)  .023  0.743 (0.553-0.998) 048 0.595 (0.441-0.803) .001
model3  ref  0.771(0.573-1.039)  .087  0.710 (0.526-0.960) 026 0.666 (0.490-0.906) .009
LMR modell  ref  0.889 (0.671-1.177) 41 0.819 (0.611-1.099) 184 0.945 (0.702-1.273) 71
model2  ref  1.043(0.782-1.390) 774  1.014 (0.747-1.377) 929 1.191 (0.859-1.650) 295
model3  ref  1.153(0.847-1569)  .366  1.072(0.783-1.469) 663 1.266 (0.901-1.778) 174
PNI modell  ref  1.204 (0.893-1.623)  .223  1.138 (0.844-1.534) 397 1.749 (1.300-2.352) <.001
model2  ref  1.284(0.951-1.734) 103  1.264 (0.934-1.711) 132 1.954 (1.448-2.636)  <.001
model3  ref  1.220(0.877-1.696) 238  1.135(0.822-1.568) 442 1.644 (1.209-2.236) .002
NLR modell  ref  1.101(0.831-1.460)  .502  0.991(0.737-1.333) 954 0.894 (0.669-1.195) 45
model2  ref  1.060(0.793-1.417) 695  0.961(0.712-1.298) 796 0.851 (0.631-1.147) 292
model3  ref  1.080(0.807-1.444) 606  0.999 (0.739-1.350) 996 0.988 (0.722-1.351) 939
NPAR  modell  ref  1.132(0.826-1.550) 44 1.287 (0.942-1.759) 112 1.322 (0.978-1.787) 072
model2  ref 1154 (0.842-1583)  .373  1.256 (0.919-1.716) 153 1.262 (0.927-1.719) 14
model3  ref  1.021(0.742-1.406)  .898  0.986 (0.710-1.369) 933 0.886 (0.643-1.220) 458
PIV modell  ref  0.920(0.668-1.267)  .609  0.893 (0.643-1.241) 501 1.416 (1.046-1.919) 025
model2  ref  0.856 (0.617-1.189)  .355  1.181(0.849-1.643) 324 1.364 (0.984-1.891) 063
model3  ref  0.772(0.551-1.082) 133  1.059 (0.747-1.500) 748 0.842 (0.593-1.197) 338
IBI modelt  ref  2.206(1.059-4595)  .035  4.700 (2.504-8.822) <001  7.350 (4.027-13.414)  <.001
model2  ref  1575(0.753-3.295) 227  2.344 (1.211-4.536) 011 3.483 (1.874-6.475)  <.001
model3  ref  1.512(0.745-3.069) 252  2.112(1.069-4.173) 031 2.779 (1.478-5.224) 002
AlSI modelt  ref  1.087(0.791-1.494) 606  1.221(0.893-1.670) 21 1.608 (1.184-2.183) .002
model2  ref  1.046(0.757-1.445) 785  1.182(0.861-1.623) 301 1.486 (1.078-2.049) 015
model3  ref  0.975(0.692-1.374)  .887  1.089 (0.774-1.532) 626 1.445 (1.052-1.986) 023

AISI, aggregate index of systemic inflammation; IBI, inflammatory burden index; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
NPAR, neutrophil percentage to albumin ratio; OR, odds ratio; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutri-
tional index; SIRI, systemic inflammation response index; Sll, systemic immune-inflammation index.

higher odds of MASLD, while PLR showed an inverse pat- signals emerged only for SIRI in the BMI-stratified fibrosis
tern. In the context of significant liver fibrosis, higher subgroup. Collectively, the evidence suggests that sys-
SIRI, PNI, and AISI were positively related, whereas PLR  temic inflammatory imbalance may contribute to sus-
remained negatively associated. These findings remained  ceptibility to MASLD and significant liver fibrosis. These
robust after extensive adjustment for demographic and results build upon but also extend previous population-
metabolic factors. Subgroup and propensity-matched based findings, offering a more comprehensive evalu-
analyses provided additional support, though significant ation of multiple inflammatory indices simultaneously
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Figure 2. Receiver operating characteristic curves of systemic inflammatory indices for the diagnosis of (A) MASLD and (B) significant liver

fibrosis.

and providing a fuller picture of how different hemato-
logical markers may parallel the spectrum of hepatic
involvement.

Systemic inflammatory perturbations likely bridge meta-
bolic dysfunction and hepatic injury through several con-
vergent pathways.®® Adipose-tissue inflammation and
lipid overflow stimulate the release of pro-inflammatory
mediators such as tumor necrosis factor-alpha and inter-
leukin-6 and promote chemokine-driven expansion of
myelopoiesis with subsequent mobilization of neutrophils
and monocytes to metabolic tissues and the liver.343% In
parallel, gut dysbiosis and increased intestinal perme-
ability permit translocation of microbial products (e.g.,

lipopolysaccharide) that engage hepatic pattern-recogni-
tion receptors on Kupffer cells and stellate cells, activat-
ing NF-xB-dependent signaling and sensitizing stellate
cells to profibrogenic stimuli.®®3" Injured hepatocytes
also release mitochondrial and other damage-associated
molecular patterns that directly engage myeloid effectors
and hepatic stellate cells, and cooperate with canonical
profibrogenic mediators (notably transforming growth
factor-B) and developmental programs to drive extracel-
lular matrix accumulation.®-4° Furthermore, hypoxia and
oxygen homeostasis disruption in metabolically stressed
hepatic tissue can activate hypoxia-inducible factors,
reprogramming cellular metabolism and upregulating
fibrogenic genes, which enhance stellate cell activation
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Figure 3. Restricted cubic spline analysis of the associations between MASLD and (A) SlI, (B) SIRI, (C) PNI, (D) LMR, (E) PLR, and (F) IBI.
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Figure 4. Restricted cubic spline analysis of the associations between significant liver fibrosis and (A) SIRI, (B) PLR, (C) PNI, (D) AISI, and (E) IBI.

and extracellular matrix deposition.*'#2 Persistent low-
grade inflammation may also induce immune check-
point dysregulation and T cell exhaustion within the liver,
impairing anti-fibrotic immune surveillance and promot-
ing a pro-fibrogenic microenvironment.*® In population
studies that use VCTE, hepatic steatosis and fibrosis
are quantified respectively by CAP and LSM, and com-
monly used composite hematologic scores include the
SII and the SIRL*##5 These cellular and molecular cas-
cades provide a plausible explanation for why peripheral
composite indices that reflect neutrophil, lymphocyte,
monocyte, and platelet balance (e.g., Sll, SIRI, and related
scores) associate with CAP (steatosis) and LSM (fibrosis)
in population data, even if their individual discriminative
performance is modest. Importantly, these mechanis-
tic pathways help contextualize the clinical associations
observed in this analysis, reinforcing the concept that
systemic immune imbalance is an integral component of
metabolic liver disease progression rather than a second-
ary epiphenomenon.

In the subgroup analyses, systemic inflammatory indices
did not show significant associations with MASLD when
stratified by age, sex, or BMI. This stands in contrast to
prior reports that identified notable sex-specific differ-
ences.'® For example, Burnside et al demonstrated in a
large Canadian cohort that the prevalence of MASLD was

substantially higher in men than in women (46% vs. 24%),
and that sex further modified the cardiometabolic risk
profiles associated with MASLD.*¢ Such discrepancies may
be attributed to differences in population characteristics,
diagnostic strategies (e.g., CAP/LSM-based definition ver-
sus traditional fatty liver index), or the inflammatory mark-
ers examined. For significant liver fibrosis, the only notable
subgroup effect observed in this study was a stronger
association of SIRI among individuals with higher BMI,
suggesting that adiposity may amplify the link between
systemic inflammation and fibrotic burden. Collectively,
these findings underscore the importance of considering
demographic and metabolic factors as potential effect
modifiers in future investigations and highlight the need
for more standardized methodologies across cohorts to
clarify population-specific vulnerabilities. Given these
variations, further harmonized research across diverse
populations will be crucial to determine whether the
observed associations represent universal biological pat-
terns or reflect context-dependent interactions.

To the authors' knowledge, this is the first study to sys-
tematically evaluate the relationship between systemic
inflammatory indices, MASLD, and significant liver fibrosis
using VCTE data from a nationally representative cohort.
Nonetheless, several limitations should be acknowledged.
First, the cross-sectional nature of NHANES precludes
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causal inference, restricting the ability to determine tem-
poral relationships between inflammatory activity and
hepatic outcomes. Second, inflammatory responses are
dynamic and may vary across different stages of MASLD
progression; the present analysis could not capture these
longitudinal changes. Third, the inflammatory indices
assessed here are derived from standard hematological
parameters rather than direct measures of inflammatory
mediators, which may limit their biological specificity.
Fourth, although NHANES provides detailed laboratory
and imaging data, certain clinical variables—such as liver
biopsy confirmation, longitudinal follow-up, or repeated
biomarker assessments—were unavailable, potentially
constraining the depth of inference. Future prospective
and mechanistic studies are warranted to validate these
findings and clarify how systemic inflammation contrib-
utes to MASLD and fibrosis progression.

In this large, nationally representative cross-sectional
study, significant associations were observed between
several systemic inflammatory indices and hepatic out-
comes assessed by VCTE. Elevated levels of SlI, SIRI, LMR,
IBI, and PNI were positively related to MASLD, whereas
PLR showed an inverse association. With respect to sig-
nificant liver fibrosis, higher SIRI, PNI, IBI, and AISI were
consistently associated with greater risk, while PLR again
demonstrated a negative relationship. Although the dis-
criminative performance of these indices was modest, the
findings underscore a potential role of systemic inflam-
matory dysregulation in the pathogenesis of MASLD and
fibrosis. Further longitudinal and mechanistic studies are
needed to confirm these associations and clarify their
clinical implications.
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Supplementary Figure 1. Subgroup analyses of the associations between MASLD and (A) SlI, (B) SIRI, (C) PNI, (D) LMR, (E) PLR, and (F) IBI.
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Supplementary Figure 2. Subgroup analyses of the associations between liver fibrosis and (A) SIRI, (B) PNI, (C) AISI, (D) PLR, and (E) IBI.



Supplementary Table 1. Interquartile grouping criteria for systemic inflammatory indices

Index Quartiles 1 Quartiles 2 Quartiles 3 Quartiles 4
Sl <90.7856 90.7856-129.6256 129.6256-181.6552 >181.6552
SIRI <1.321429 1.321429-1.870968 1.870968-2.666667 >2.666667
PLR <10.69286 10.69286-14.73333 14.73333-20.125 >20.125
LMR <91.86508 91.86508-115.8359 115.8359-146.0833 >146.0833
PNI <20.3925 20.3925-38.5350 38.535-63.0925 >63.0925
NLR <3 3-3.8571 3.8571-5 25
NPAR <12.3251 12.3251-14.0714 14.0714-15.85 >15.85
PIV <151.3979 151.3979-237.5243 237.5243-370.8418 >370.8418
IBI <0.6608 0.6608-1.0075 1.0075-1.5143 >1.5143
AlSI <1.4434 1.4434-3.5227 3.56227-8.7062 >8.7062

SII = Systemic immune-inflammation index, SIRI = Systemic inflammation response index, PLR = Platelet-to-lymphocyte ratio, LMR = Lymphocyte-to-mono-
cyte ratio, PNI = Prognostic nutritional index, NLR = Neutrophil-to-lymphocyte ratio, NPAR = Neutrophil percentage to albumin ratio, PIV = Pan-immune-
inflammation value, IBI = Inflammatory burden index, AlSI = Aggregate index of systemic inflammation.




(panuiuo))

(95'02)0ce (08'02)€0. (8LLL)CLY (g6'€2)LLS Aneap
(L8'1v)8r Y (ze'ov)esel (9572t)986 (z9'e€)5T8 91eI9pON
(Lg°L8) 2ov (8z'8e)v6et (99'6€) 616 (ev9e)LLL INEN
9580 100°0> (% ‘u) suqey unjows
(65'19)659 (Gev9)sLie (Ly'29)ovvL (L0'59)88¢€!L 9)elapow 03 MO
(L78e)Liy (s9'se)sozt (652€)1L8 (e6ve)SPL uoN
2oLo S90°0 (% 'u) snyeys Bupjuuq
(ez'sieal (le'8L)619 (L8'5€)1E8 (z99¢g)18L 05°€<
(ez'seloLe (roLe)LiL (9e'6€)CLB (Lz'LE)S6L 05'€-0€'}
(r969)L€9 (59'09)0502 (LLYve)vLS (L1'92)L8S og’L>
1800 62€0 (% ‘u) o13es swoodul k312804
(or'si)ool (L0'81)089 (Lvelere (eoceloLy paliiew JanoN
(lz'92)vsl (ge'12)oos (LgCelees (Lv'12)8SY pajesedas/padioAlp/paMOpPIM
(69'83)2Iv (89'09)¥82¢ (96'c9)e8yL (6%°95)502! jueliqeyod/patiien
¥00°0 100°0> (% 'u) snyeys [eaue
(62'L9)EL9 (Lregleele (le'65)88¢€E! (L9'e9)8sel |ooyds y3aiy aroqy
(oe've)o9e (68'12)0¥L (Lgze)ees (9g7ce)LLy juajeAinba 1o jooyods ysiH
(1¥'8L)L6l (00’1205 (zs'21)90% (L6'€L)86C |00Yds y3iy uey3 ssa
2000 zLe0 (%'u)|2A9] Uolyeonpy
(8oeL)ovh (rg'L1)E6S (r8'g1)L9¢ (51°21)99¢ L2y10
(8e'L2)e6C (LLve)sis (cze'12lver (6L'82)¥19 oe|q dluedsiH-UoN
(v6°LE)90Y (L1'8e)oeet (oe'6€)CLB (929¢e)¥8L 93IYym dluedsiH-UoN
(6L'0L)60L (0oL6)82€ (90'0l)eee (9s'6)¥0C oluedsiH o430
(o¥'Lh)zet (Lv'oL¥se (everiie (rL2)591 uedLaWY UedIXaN
1000 100°0> (%'u)aoey
(oev¥)vLv (8e'55)z.8!L (eoev)cert (eL'9%)olet a[ewad
(0£'55)965 (z9'¥¥)8051 (L6°09)18L1 (Lzev)eee aeN
100°0> 100°0> (%'u)epusn
100°0> (81'1)9Les (09°0)¥5°LY 100°0> (69°0)e52S (08015 V¥ (1eak) o3y
anjeA-d (0201=u) (08gg=u) sisoiqyy anfeA-d (L1gg=u) (eele=u)
SISOAQY JOAI| JURDIUBIS  JOAI| JULDLIUBIS -UON dTIsSvw dTISVW-UON

sjuedioiped jo solsuloRIeYD dUljeseg g djqel Arejuswajddng



‘uoiyeWIWE|UI D1WISAS JO Xapul 93e88138Y = S|V 'Xopul usping Alojewwejju| = |g] ‘ONjeA UoIFeWWR|UI-sUNWWI-UBd = A|d ‘Ol3el uiwng|e 0} 98e3uad
-1ad lydoianaN = YVdN ‘oires 93K0oydwA|-03-jiydosanaN = YN ‘Xapul [euoizianu o13soudold = |Nd ‘olrel a3400uow-03-23k00ydwA = YN ‘o1rel 93hooydwA|-03-319|93e|d = ¥1d ‘Xdpul asuodsal
UOIFeWILIR[JUI O1WIBISAS = [Y|S ‘XOPUl UOIFRWIWIR|JUI-SUNWWI D1WS}SAS = ||S 'O}V UIgojSowayodA|n =0y L.qH ‘@s0on|3 ewse|d Suiseq = Hd ‘|0ia3sajoyod uieyoidodi Aysusp-ysiH = JaH |0423s8j0yd
utazoidodi| A}suap-moT = 1 '[0493S8|0YD B30 = D] ‘OpHedA|SIL = D] '90UBISWNDIID ISIEM = DM ‘XOpul ssew Apog = |INg ‘9SeasIp JaAl| 91303ea)S PajeIo0Sse—Uoi3ounysAp dljoqelsN = A1SYIN

1100 (zo'g)sz662 (86'9)52'9/¢ 1000 (68'8)€L'66C (Lv'8)oge9e ISIV
1000 (6e'1)E8'SE (zL0)8s'6 1000 (or1)szel (65°0)9%'L 1l
1000 (s00)92't (e00)¥LL 2000 (eoo)ez't (e0'0)oL't Ad
1000 (oz0)es vl (oro)vovlL 1000 (Lrolev vl (erolosel YVdN
S.¥°0 (8o0)eee (soo0)ee 6120 (90'0)92C (90°0)9gC YN
1000 (rzolveL (er0)oovl 100°0> (sroler vl (arolzLel INd
8580 (Lro)g6'e (soo)vee 8160 (Lo0)e6'E (Lo0)¥6'E HAT
1200 (s02)LLvel (89'1)oscel 100°0> (66'1)Z8'9Z! (Lrelvovel ¥d
€120 (ev0)eest (9z'0)zs i 1100 (re0)¥9'SL (8z0)8L€El 1dIs
€100 (L99)e60vL (o9e)szeel 100°0> (LeDv¥IvlL (0o6'2)5L9¢L s
100°0> (£L0°0)50°9 (zo'0)L5°s 100°0> (¥0°0)06'S (e00)vv's (%)ov1aH
100°0> (e1'0)699 (900)16°G 100°0> (80°0)€59 (e00)€9's (1/1oww)nd4
1680 (e00)0g'L (too)er'L 100°0> (zoo)ee't (zoo)is't (1/10ww) 7aH
1¥9°0 (900)eLC (ro'0)e6'C SEL0 (ro'0)L6°C (s00)osc (/1oww) 7@
9520 (80°0)99+ (r0'0)88'v 100°0> (so0)e6v (sooleLy (/1oww) o1
100°0> (s00)L€L (zoo)sL't 100°0> (e00)8¥'L (zo0)L60 (/1oww) 51
100°0> (£6°0)60°0LL (es0)LL'26 100°0> (z9'0)02°801 (£5°0)00'16 (wo)om
(85'v1)861 (16'8t)€59L (rev2)ros (zLee)869 8¢<
(ezv'selele (60'L8)L2LL (99'52)eS.1 (8z'L9)sEV ! 8c>
100°0> 100°0> (qw/3%) Ing
(e9'62)LLE (eVLv)e6St (ozeelovL (LG¥S)P9LL ON
(Le02)ESL (£8'29)18L1 (08'29)1L51 (ev'sv)696 SOA
100°0> 100°0> (% 'u)uoisusyiedAH
(90'29)+99 (0Le8)6282 (z0'89)9.51 (£8'68)L161 ON
(v6°LE)90Y (oe'91)15s (86'LE)LYL (erolole SOA
100°0> 100°0> (% 'u)sareqelq
(£€°09)9+9 (zev9lvile (s9'65)z8el (zv'19)8evL juelsSU0D
(L8'11)L2) (LozL)9oy (9scl)I62 (se'Lb)eve jualoynsu]
(9212)162 (£L9'€2)008 (62'22)v¥9 (verelesy JaneN
€200 100°0> (% 'u) ANAroe [eoisAyd
anjea-d (0201=u) (0geg=u) sisoiqy anjeA-4 (L1g2=U) (egle=u)
SISOAQY JOAI| JURDLIUBIS  JOAI| JULDJIUSIS -UON alsvw dISVYIN-UON

(panunuo)) syuedioiied jo solysualoeseyd duljeseg g ajqel Atrejuswajddng



‘uoljewWe|Jul O1WBISAS JO Xapul
9330433y = |S|V 'Xopul uaping Alojewwe|ju| = [g] ‘9n[eA uoljewwejjul-sunwwi-ued = Ald ‘ol3el uiwinge 03 a8ejuadiad |lydosinaN = YvdN ‘o1res 3KooydwA|-03-jiydosanaN = YN ‘Xapul [euoly
-13nu o13soudoid = [Nd ‘0l3es 93400uUowi-03-93400ydwA = YN ‘o1res 93400ydwA|-03-38]93€|d = Yd ‘XdpUl dsuodsal uolyewle| Ul O1LBISAS = [Y|S 'XSPUl UOIJRWWIR[JUI-dUNWIWI JIWdISAS = [|S

6150  (900C-70L0)88L'L L£80 (6.51-695°0)876'0 €5.0 (5291-€€5°0)LL60 8€6'0  (96€1-G€2°0)€L0'L  8./¥°0  (¥S-L180)2eht L/20 (2SLL-1L9°0)6E€8'0 424 ISIV
6200 (6¥92-150'1)699'L 1920 (bSvZ-¥8.0).88L LLL0  (€891-01L50)868'0 L000> (L10°€-8¥S'L)I9L'C  L000> (€€L2-L2¥'L)SL6'L €690 (€6%'1-992°0)0L0°L 424 1]
1600 (€06'2-¥26°0)8€9'L 260 (959'1-91G5°0)526'0 9560  (L281-995°0)L10'k  ¥8.0 (¢¥¥'1-8G2°0)9¥0°L 640 (L95L-€¥80)S¥L'L 1250 (6€2'L-G59°0)L06°0 421 Ald
95e0  (5802-89,0)592'L 6¥L0 (¥0S1-2950)v26'0 €960 (¥L91-€€9°0)LLOL  ¥2L0 (¥82'1-869°0).¥6'0 1680 (LO¥'L-9%2°0)220'L €€80 (80¥'L-6SL0)¥E0L 421 HVdN
s0e0 (092'L-06+'0)€8L0 S¥20 (L202-5€80)10€L 9le0  (126'1-€980)/82+ 2v00 (686°0-,£50)82.0 9220 (6LL'L-129°0)€€80 LLLO  (€92'L-0LL0)/¥6°0 421  ¥HIN
1000> (S99°€-/¥9'L)/S¥'C 9100  (¥292-901'1)02L'L  9LL0  (2¥S2-£06°0)GLGL  LO00> (9282-L¥S'1)L60C £L00 (982'L-0,6°0)9LE'L  €GL0  (02L1-816°0)LGTL 494 INd
6590 (688'1-699°0)vct't §G/€0 (L6L2Z-£¥L0)8.21 6680 (029'1-G59°0)0€0'L  §L00  (2LOT-6L0°W¥L¥'L €900 (€SL1-986°0)7LE'L 2ETO (2L9L-€88°0)GLTL 421 M1
9e00  (0/6'0-2L¥'0)2€E90 1200 (€26'0-98€°0)L650 €v00 (986'0-827°0)059°0 8100 (6€6'0-GL50)569'0 6900 (L20'L-1250)¥920 €€1'0 (690°1-209°0)2080 421  ¥1d
6100 (c¥Sc-680°Y99L cle0 (5le2-0€80)988’L 5880 (S¥2'1-819°0)6€0'L  S000  (Lv22-vSHH809L #0000 (08L'2-65L1)065L 600 (026°1L-GL0'L)96EL  Jo4 IS
S50 (¥66'1-G69°0)2LL'L  6LL0 (90L1-269°0)980°L Lee0  (9¥8'L-€18°0)G22'L  8L00  (LL6'L-290°M)l2v'L  62€0 (985'1-21G8'0)99L'L 2250 (¥/¥'L-128°0)00LL 4oi IS
d (19 %56) 40 d (12 %56) 4O d (12 %56) 4O d (12 %56) 4O d (19 %56) 4O d (12 %56) 4O 1O xapuj
0 €0 o] 0 €0 e}
SIS0UqLY JOAIT aTISvN
(edx 8<

INST ‘w/gp 882 < dVD) € [opOW U0 paseq sisoiqly JoAl| 3uediyiusis pue qSVIA YHM saoipul K1oyewlwe|jul 91ud3sAs Jo s|opow uoissaidal o13siSo *p ajqel Areyuswajddng

‘uolyewIWE|Ul D1WBISAS 4O XapuUl
91030433y = |S|V 'Xopul uaping Alojewweju| = |g] ‘ON[eA UoIjelWWeJul-aunwwi-ued = Ald ‘ol3es uiwngje 03 adejuadiad |iydosinaN = Yy dN ‘olres 93K0oydwA|-03-|iydosanaN = YN ‘Xapul [euoly
-113nu 213sou8oid = |Nd ‘o13es 83£00uowi-03-23K00ydwA = YN ‘o13es 93£00ydwA|-03-318|938|d = ¥d ‘XOpul 8suodsal uojjewweljul DIWISAS = [Y|S ‘XSPUl UOIFRWIWE|JUI-BUNWIWI JIWBISAS = ||S

2eeo (6LL1-828°0)ElC'L 6560 (69%'L-¥69°0)010°L 2LLO (LLE'1-¥59°0).¥6°0 ol ISIV
1000 (880'€-99€'1)¥50°¢C 5000 (s52'2-€02'1)0Cs’L 1690 (86€'1-909'0)026°0 Jou <]
G2L0 (g2€°1-2€90)€€6°0 6.%°0 (889'1-28L°0)6¥ L'} G520 (891'1-2950)2080 ol Aid
%100 (920'L-%25°0)£92°0 8150 (81°1L-¥12'0)026°0 %090 (661'1-2€2°0)L£6°0 Joi YVdN
1200 (996'1L-850'L)ev 'L l2e0 (€L1'1-¥190)6¥80 0050 (zzz'1-£€99'0)006°0 EEY YN
100°0> (505'€-808°1)L1G°C 9200 (orL'z-670'1)88%'L €200 (62Lz-ec0'L)esy't ol INd
1200 (e€22-990'1)erS'L 9820 (z69'1-958'0)€02'L zeLo (518°1-¥€6°0)20€’t Jou U
2000 (828°0-02%°0)065°0 5000 (5£80-€L¥'0)€¥9°0 2200 (6¥6°0-605'0)569°0 ol Yd
100°0> (¥96'2-¥0t'1)0¥0'C 5000 (L9¥°2-0L1'1)669'L €100 (Le€2-L01'1)909'L o1 1d1S
1700 (eLre-sLovor't #3500 (€16'1-966'0)08€'} 6S€0 (719°1-1¥8°0)591L'} LY s

d (1D %S6) ¥0 d (1D %56) ¥0 d (10 %56) YO [Ko) Xapuj

0 €0 [4e)

€ |9pOW UO paseq HSYIA Y3m sadipul Alojewiweljul 01ualsAs Jo sjopow uoissaldal o13sido g ajqel Arejuswajddng



Supplementary Table 5. Performance metrics of systemic inflammatory indices for MASLD and significant liver fibrosis screening

Positive Negative
Index AUROC Sensitivity Specificity 95% Cl predictive value  predictive value Threshold
MASLD
Sli 0.4984 0.2592 0.7631 0.4739-0.5229 0.5396 0.4903 0.5099
SIRI 0.5758 0.4609 0.7733 0.5516-0.5999 0.5578 0.5860 0.4609
LMR 0.4984 0.4116 0.6126 0.4739-0.5230 0.5322 0.4929 0.4995
PNI 0.5654 0.5738 0.5252 0.5411-0.5896 0.5641 0.5351 0.4922
1BI 0.6520 0.7543 0.4854 0.6287-0.6752 0.6108 0.6485 0.4882
Significant liver fibrosis
SIRI 0.5233 0.4306 0.6294 0.4930-0.5537 0.2503 0.7937 0.2113
PNI 0.5080 0.2542 0.7899 0.4778-0.5382 0.2579 0.7866 0.2154
AISI 0.5363 0.4096 0.6541 0.5066-0.5662 0.2539 0.7941 0.2095
IBI 0.2035 0.6932 0.4918 0.5878-0.6453 0.2815 0.8481 0.2035

Sl = Systemic immune-inflammation index, SIRI = Systemic inflammation response index, LMR = Lymphocyte-to-monocyte ratio, PNI = Prognostic nutri-
tional index, IBI = Inflammatory burden index, AISI = Aggregate index of systemic inflammation.

Supplementary Table 6. Threshold Effects of systemic inflammatory indices on MASLD and significant liver fibrosis risk

Variable Breakpoint OR _before (95% Cl) OR_after (95% Cl) P_nonlinear
MASLD

SlI 193.3624 0.999 (0.997-1.001) 0.999 (0.996-1.002) 0.5500
SIRI 17.3333 1.059 (1.027-1.091) 1.019 (0.988-1.050) 0.2404
PNI 16.5 1.084 (1.024-1.147) 1.022 (0.926-1.128) 0.6676
LMR 5.2 0.983 (0.905-1.066) 1.010 (0.895-1.139) 0.8769
PLR 91.1424 0.966 (0.954-0.979) 0.999 (0.996-1.002) 0.4390
1BI 1.15652 6.790 (2.914-15.819) 1.003 (0.995-1.011) 0.4285
Significant liver fibrosis

SIRI 15.225 1.029 (0.974% CI))f 0.996 (0.976% CI))f 0.7473
PNI 16.5 1.036 (0.948% CI))f 1.001 (0.979% Cl))) 0.9057
1BI 6.0064 1.078 (0.965% Cl))) 1.003 (0.999% CI))) 0.1606
PLR 112.5 0.989 (0.982% CI))) 0.997 (0.993% Cl))) 0.1280
AISI 184.6707 0.995 (0.989% CI))) 1.000 (1.000% Cl))) 0.6490

SIl = Systemic immune-inflammation index, SIRI = Systemic inflammation response index, LMR = Lymphocyte-to-monocyte ratio, PNI = Prognostic nutri-
tional index, IBI = Inflammatory burden index, AISI = Aggregate index of systemic inflammation.




Supplementary Table 7. Characteristics of participants after propensity score matching

Characteristics Non- significant liver fibrosis(n=1070)  Significant Liver fibrosis(n=1070) P-value

Age (year) 52.50(0.99) 52.16(1.18) 0.334

Gender(n,%) 0.069
Male 554(51.78) 596(55.70)

Female 516(48.22) 474(44.30)

Race(n,%) 0.995
Mexican American 121(11.31) 122(11.40)

Other Hispanic 113(10.56) 109(10.19)
Non-Hispanic white 400(37.38) 277(37.95)
Non-Hispanic black 299(27.94) 293(27.38)
Other 137(12.81) 140(13.08)

Education level(n,%) 0.921
Less than high school 199(18.60) 197(18.41)

High school or equivalent 252(23.55) 260(24.30)
Above high school 619(57.85) 613(57.29)

Marital status (n, %) 0.925
Married/cohabitant 636(59.44) 637(59.53)
Widowed/divorced/separated 265(24.77) 270(25.23)

Never married 169(15.79) 163(15.24)

Poverty income ratio (n, %) 0.969
<1.30 291(27.20) 286(26.73)
1.30-3.50 427(39.90) 431(40.28)
>3.50 352(32.90) 353(32.99)

Drinking status (n, %) 0.965
Non 410(38.32) 411(38.41)

Low to moderate 660(61.68) 659(61.59)

Smoking habits (n, %) 0.826
Never 410(38.32) 402 (37.57)

Moderate 434(40.56) 448(41.87)
Heavy 226(21.12) 220(20.56)

Physical activity (n, %) 0.548
Never 278(25.98) 297(27.76)

Insufficient 139(12.99) 127(11.87)
Constant 653(61.03) 646(60.37)

Diabetes(n, %) 0.688
Yes 397(37.10) 406(37.94)

No 673(62.90) 664(62.06)

Hypertension(n, %) 0.568
Yes 765(71.50) 753(70.37)

No 305(28.50) 317(29.63)

(Continued)



Supplementary Table 7. Characteristics of participants after propensity score matching (Continued)

Characteristics Non- significant liver fibrosis(n=1070) Significant Liver fibrosis(n=1070) P-value
BMI (kg/m2) 0.617
<28 262(24.49) 272(25.42)
>72 808(75.51) 798(74.58)
SIRI 15.95(0.37) 16.86(0.37) 0.257
PLR 128.15(2.19) 119.71(2.02) 0.008
PNI 14.79(0.18) 15.26(0.16) 0.637
AISI 329.87(9.55) 342.09(10.65) 0.001
1Bl 13.15(1.58) 14.20(1.10) 0.349

BMI = Body mass index, SIRI = Systemic inflammation response index, PLR = Platelet-to-lymphocyte ratio, PNI = Prognostic nutritional index, 1Bl = Inflamma-
tory burden index, AISI = Aggregate index of systemic inflammation.

Supplementary Table 8. Logistic regression models of SIRI, PNI, IBI, PLR, and AISI with significant liver fibrosis after propensity score

matching based on model 3

Q2 Q3 Q4
Index Q1 OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
SIRI ref 1.131(0.781-1.636) 0.515 1.461(0.996-2.143) 0.053 1.744(1.170-2.600) 0.006
PLR ref 0.711(0.493-1.024) 0.067 0.593(0.416-0.845) 0.004 0.511(0.353-0.741) <0.001
PNI ref 1.240(0.859-1.789) 0.250 1.338(0.922-1.940) 0.125 2.043(1.416-2.946) <0.001
AlS| ref 0.909(0.630-1.312) 0.612 1.361(0.933-1.983) 0.109 1.533(1.064-2.208) 0.022
IBI ref 1.127(0.637-1.991) 0.682 1.130(0.645-1.981) 0.669 2.196(1.216-3.966) 0.009

SIRI = Systemic inflammation response index, PLR = Platelet-to-lymphocyte ratio, PNI = Prognostic nutritional index, IBI = Inflammatory burden index,
AISI = Aggregate index of systemic inflammation.




