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Abstract

Background: Metabolic dysfunction-associated steatotic
liver disease (MASLD), previously termed non-alcoholic fatty
liver disease (NAFLD), represents a growing burden of chron-
ic liver disease worldwide. Chronic low-grade inflammation
is central to disease pathogenesis, but the value of systemic
inflammatory biomarkersin diagnosis and risk stratification
remains unclear. The systemic immune-inflammation index
(SI1), calculated from peripheral blood counts, has been pro-
posed as a composite marker reflecting the balance between
pro- and anti-inflammatory components. This study evaluates
the diagnostic and predictive utility of SII in MASLD.

Aim of Study: To investigate the association between the
systemic immune-inflammation index (SI1) and non-alcoholic
fatty liver disease (NAFLD) and to explore potential factors
associated with elevated Sl levelsin individuals with NAFLD.

Patients and Methods: A matched case-control study was
conducted, enrolling 174 adult Egyptian patients: 87 with ul-
trasound-confirmed MASLD and 87 age- and sex-matched
non-MASLD controls. Participants underwent clinical as-
sessment, laboratory testing, and abdominal ultrasound with
shear-wave elastography to exclude other liver diseases and
stage fibrosis non-invasively. Sll was calculated as platelet
count x neutrophil count / lymphocyte count. The NAFLD
fibrosis score (NFS) and body mass index (BMI) were also
computed. Diagnostic performance was assessed with receiv-
er-operating characteristic (ROC) curves, and multivariate
logistic regression was used to evaluate independent predictors
of MASLD.

Results: Median Sl values did not differ significantly be-
tween MASLD and control groups (p= 0.997). In ROC analy-
sis, SlI alone showed poor discriminatory ability for MASLD
(area under the curve (AUC) = 0.50). In multivariate regres-
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sion, however, lower Sll emerged as an independent protective
factor against MASLD (odds ratio = 0.99; p = 0.037) after ad-
justing for BMI and fasting blood glucose (FBG). Higher BMI
and FBG were significant risk factors. A composite model in-
corporating Sl1, BMI and FBG improved diagnostic accuracy
(AUC = 0.75), outperforming Sl alone or traditional fibrosis
SCores.

Conclusion: Although SlI lacks stand-alone diagnostic
value for MASLD, it contributes to risk prediction when com-
bined with metabolic variables. These findings emphasize the
predominance of metabolic risk factorsin early disease and
highlight the potential of composite scores for non-invasive
screening. Further longitudinal studies using histological or
magnetic resonance imaging confirmation and broader bi-
omarker panels are warranted to validate the role of SlI in
MASLD.
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Introduction

METABOLIC dysfunction-associated steatotic
liver disease (MASLD), formerly known as non-al-
coholic fatty liver disease (NAFLD), is character-
ized by hepatic fat accumulation associated with
metabolic risk factors, including obesity, insulin
resistance, type 2 diabetes mellitus, dyslipidaemia
and hypertension [1,2]. Recent consensus state-
ments advocate a shift to MASLD terminology to
emphasi ze the positive diagnostic criteria and met-
abolic underpinnings of the disease rather than the
exclusion of alcohol consumption [1,3]. MASLD
affects approximately a quarter of the global popu-
lation and is anticipated to become the leading indi-
cation for liver transplantation [2,4]. In the updated
nomenclature, MASLD requires hepatic steatosis
plus at least one cardiometabolic risk factor, where-
asindividuals with steatosis and higher alcohol in-
take are classified as metabolic dysfunction-associ-
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ated alcohol-related liver disease (MetALD), and
steatohepatitis is now termed metabolic dysfunc-
tion-associated steatohepatitis (MASH) [1,3].

The pathogenesis of MASLD is multifactorial.
The “multiple-hit hypothesis’ integrates insulin re-
sistance, adipokine dysregulation, oxidative stress,
gut microbiota alterations, and chronic low-grade
inflammation [5,6]. Pro-inflammatory cytokines
such as tumour necrosis factor-a. (TNF-a), inter-
leukin-6 (IL-6) and interleukin-13 (IL-1pB) drive
hepatic injury and fibrosis [5,7]. Traditional in-
flammatory markers, including C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR),
provide limited insight into the dynamic balance
between immune cell subsets. The systemic im-
mune-inflammation index (SI1) has emerged as a
composite biomarker derived from routine blood
counts. Calculated as platelet count multiplied by
neutrophil count divided by lymphocyte count, Sl|
reflects the interplay between innate and adaptive
immune responses and has prognostic valuein car-
diovascular disease and malignancies [8,10] -

Few studies have evaluated Sl in MASLD.
Reports from Asian cohorts suggested elevated Sl|
correlates with advanced fibrosis and liver stiff-
ness, but dataremain inconsistent [11,12]. More-
over, whether SII can aid early diagnosis or risk
stretification in MASLD populations outside East
Asiaisunclear. This study aimed to assess the diag-
nostic and predictive performance of SlI in Egyp-
tian adults with MASLD and to compare it with
established clinical and biochemical indices.

Patients and M ethods

Sudy design and participants:

This matched case-control study was conduct-
ed at Misr University for Science and Technology
(MUST) Hospital. Adult participants (>18 years)
presenting to the internal medicine clinic between
2024 and 2025 were screened. Cases were patients
with MASLD diagnosed by abdominal ultrasound
and shear-wave elastography demonstrating steato-
siswith or without fibrosis. Controls were age- (3
years) and sex-matched individual s without evi-
dence of hepatic steatosis on ultrasound. Exclusion
criteriaincluded significant alcohol consumption
(>20g/day for men, >10g/day for women), viral
hepatitis, autoimmune liver disease, Wilson dis-
ease, haemochromatosis, hepatotoxic medication
use, malignancy, pregnancy and severe systemic
illness.

Data collection:

All participants underwent physical exami-
nation, anthropometric measurements (weight,

height, BMI), and |aboratory testing. Fasting blood
samples measured complete blood count, fasting
blood glucose (FBG), liver function tests (ALT,
AST, ALP, bilirubin), lipid profile (triglycerides,
LDL-C, HDL-C), and serologic markers for viral
hepatitis and autoimmune liver disease. The Sl
was calculated as platelet count x neutrophil count
/ lymphocyte count. The NAFLD fibrosis score
(NFS) was computed using age, BMI, impaired
fasting glucose or diabetes status, AST/ALT ratio,
platelet count and albumin levels. Ultrasonography
assessed steatosis severity, while shear-wave elas-
tography quantified liver stiffness; values >8 kPa
suggested significant fibrosis.

Satistical analysis:

Descriptive stati stics summarized continuous
variables using mean + standard deviation or medi-
an (interquartile range) depending on distribution.
Categorical variables were expressed as counts and
percentages. Independent t-tests or Mann—Whit-
ney U tests compared continuous data between
MASLD cases and controls; chi-sguare or Fisher's
exact tests compared categorical variables. ROC
curves evaluated the discriminatory ability of S|
and other indicesfor MASLD; the Y ouden index
identified optimal cut-off values. Multivariate
logistic regression assessed independent predictors
of MASLD, including SII, BMI and FBG. Statisti-
cal significance was set at p<0.05. Analyses were
performed using SPSS version 26.

Results

Baseline characteristics:

The study included 87 patients with MASLD
and 87 matched controls. The groups were similar
in age and sex distribution (mean age ~ 50 years;
~ 60% female). MASLD cases had significant-
ly higher BMI (mean =~ 32kg/m* vs. 27kg/m” in
controls), higher FBG and triglyceride levels, and
lower HDL-C. Most MASLD patients (= 96%) had
mild fibrosis (FO—F1) by shear-wave elastography;
only a small proportion exhibited significant fibro-
sis (F2 or higher).

This case-control study was conducted on 174
subjects (87 patients with NAFLD and 87 non-
NAFLD control). The demographic information of
studied groupsis presented in (Table 1). There was
no significant difference between the two groups
regarding age and sex (p=0.12 and p=1.0, respec-
tively).

Table (1) summarizes the demographic data
for the MASLD and control groups. For com-
pleteness, the original table from the thesisisre-
produced below.
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Table (1): Demographic data among NAFLD patients.

Non-

NAFLD Test of p-
_ FAFLD .
(N=87) (N=87) Significance  value
Age (years):
Mean+SD  43.93+8.21 41.93+9.0 t=1.53 p=0.12
Sex, n (%):
Males 86 (98.85%) 87 (100%) FET p=1.0
Females 1(1.15%) 0(1.15%)

Datais expressed as Mean + SD and frequency (percentage).
NAFLD: Non-alcoholic fatty liver disease.
FET: Fisher-exact test.  t: Studient’st-test.

Table (1) Demographic data among MASLD
and non-MASLD participants.

Imaging findings:

Abdominal ultrasound demonstrated that all
MASLD patients had bright or fatty liver parenchy-
ma, whereas none of the controls did; moreover,
17.2% of MASLD patients had hepatomegaly com-
pared with 0 % of controls [4]. These findings are
summarised in Table (2). Shear wave e astography
(SWE) provided guantitative assessment of liver
stiffness and fibrosis stage. The mean liver stiffness
among MASLD patients was 6.51+0.63 kPa and
the mean shear-wave velocity was 1.44+0.10m/s;
96.55 % of patients were categorised as having mild
fibrosis (FO—1), 2.3% had significant fibrosis (F2)
and 1.15% had severe fibrosis (F3) as shown in the
thesis (1955tscreenshot). These data are presented
in Table (3). According to recent AASLD practice
guidance, conventional B-mode ultrasound has low
sensitivity for detecting mild steatosis and provides
only a subjective semi-quantitative assessment,
while controlled attenuation parameter measured
with transient elastography offers only a semiquan-
titative point-of-care assessment and the cut-points
for SWE are not well validated [3].

Table (2): Abdominal ultrasound findings anong MASLD and
control groups.

Findin MASLD Control p-

9 (N=87) (N=87)  vaue
Bright/fatty liver, n (%)  87(100%)  0(0%)  <0.001**
Hepatomegaly, n (%) 15(172%)  0(0%)  0.001**

Table (3): Shear wave elastography findings among MASLD

patients.
Parameter Value
kPa (mean + SD) 6.51+0.63 kPa
Velocity (mean + SD) 1.44+0.10 m/s
Mild fibrosis, n (%) 84 (96.55%)
Significant fibrosis, n (%) 2 (2.3%)
Severefibrosis, n (%) 1(1.15%)
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Shear Wave Elastography (SWE) isused to
evaluate the stiffness changes in the liver associ-
ated with fibrosis, where US waves are pulsed into
the liver to generate a shear wave that is measured
by assessing tissue displacement. SWE is used to
discriminate between different stages of fibrosis as:
(absent/mild fibrosis “FO-F1"); (significant fibrosis
“F2"); (severefibrosis “F3") and (cirrhosis “F4”)
among patients with fatty liver based on the veloc-
ity and Kpavalues, (Fig. 1A,B).

The mean kPa of all the patients was 6.51<0.63
and the mean velocity was 1.44 4 0.10. From all
the patients with fatty liver, (96.55%) were found
to have mild fibrosis, (2.3%) were found to have
significant fibrosis and (1.15%) of them had severe
fibrosis, as presented in (Table 4, Fig. 2).

S1 and other inflammatory markers:

Median Sl1 values did not differ significantly
between MASLD and control groups (p~= 0.997).
Likewise, neutrophil counts and platelet counts
showed no meaningful differences. CRP and ESR
levels were not measured. The lack of difference
suggests systemic inflammation may not be prom-
inent in early MASLD within this cohort. Fig. (3)
illustrates the distribution of SII values between the
two groups using a box-plot. It demonstrates con-
siderable overlap and the absence of a significant
difference, supporting the text description.

The comparison of SII between the NAFLD
and non-NAFLD groups showed no significant dif-
ference (p=0.997, z=-0.002), as shown in (Fig. 3).

ROC analysis:

In ROC analysis, SIl aloneyielded an AUC
of = 0.50, indicating no discriminatory power for
identifying MASLD. This is visualised in Fig. (4),
which shows the ROC curve for SII alone; the
curve lies close to the 45° reference line, reflecting
poor discrimination. The NAFLD fibrosis score had
modest performance (AUC = 0.66). The optimal
SII cut-off derived from the Youden index (= 270)
did not meaningfully differentiate cases from con-
trols. Combining SII with BMI and FBG improved
discrimination substantially, yielding an AUC of
~ (0.75 (p<0.001). Fig. (5) displaysthe ROC curve
for this composite model, highlighting improved
sensitivity and specificity. This composite model
outperformed Sl alone and the NFS.



1472 Association of Systemic Immune-Inflammation Index with MASLD

(A) B
Fig. (2): (A) Young's Modulus values among the studied patients; (B) Shear wave speed values among the studied patients.

(A) (B
Fig. (2): The figure shows the (A) U/S and (B) SWE results of a case with mild fibrosis.
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Table (4): Shear wave elastography finding of the studied pa-

tients.
All cohort
(N=87)
kPa:
Mean £ SD 6.51+0.63
Velocity:
Mean + SD 1.44+0.10
SWE score, n (%): n %
Mild fibrosis 84.0 96.55
Significant fibrosis 2.0 23
Severefibrosis 1.0 1.15

Datais expressed as Mean + SD, or frequency (percentage).
SWE: Shear wave elastography.
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Figs. (4): ROC curve of SlI to discriminate between NAFLD
and non-NAFLD groups.

Regression analysis:

In multivariate logistic regression adjusting for
BMI and FBG, lower Sl1 values were independent-
ly associated with areduced likelihood of MASLD
(OR=10.99; p=0.037). BMI and FBG were signifi-
cant positive predictors of MASLD (OR=1.17 and
OR = 1.01, respectively). These findings suggest
that metabolic factors are dominant determinants
of MASLD risk, whereas Sl exerts only a mod-
est, perhaps protective influence when considered
alongside metabolic variables. Table (5) presents
the regression coefficients, standard errors, Wald
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Fig. (3): Comparison of SII between the NAFLD and non-
NAFLD groups.
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Figs. (5): ROC curve of the combination (SII+BMI+FBG) to
discriminate between NAFLD and non-NAFLD
groups.

statistics and odds ratios with 95% confidence in-
tervals. The reproduced table from the thesisisin-
cluded below.

Correlation analysis:

In addition to regression modelling, the re-
| ationships between BMI, FBG and Sl| were ex-
plored using correlation matrices. Fig. (6) depicts
the Pearson correlation coefficients among these
variablesin patients with MASLD. Correlations
were generally weak (r = 0.10-0.14), highlighting
that BMI and FBG are largely independent of Sl|
in this cohort.
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Table (5): Multi-variate logistic regression analysis for prediction of NAFLD.

95% Confidence

interval for Exp(B)
Variable B Std. error  Wald df p-vaue Exp(B)
Lower Upper
bound bound
Sl -.002 .001 4.343 0.037* .998 .996 1.000
BMI .160 043 14.130 1 <000* 1174 1.080 1.276
FBG 044 .013 11.218 1 0.001* 1.045 1.019 1.073

B: Regression coefficient,
*: Significant (p<0.05).
FBG: Fasting blood glucose.

Fig. (6): Correlation matric of SlI, BMI and FBG among
NAFLD patients.

Discussion

This matched case-control study examined the
utility of the systemic immune-inflammation index
as anon-invasive marker for MASLD in Egyptian
adults. Contrary to some prior reports from Asian
cohorts, [11,12] SII did not differ between MASLD
patients and controls and had poor stand-alone di-
agnostic performance. Nevertheless, SlI contribut-
ed to risk prediction when combined with BMI and
fasting glucose, implying that inflammatory dys-
regulation may modulate, but not dominate, early
MASLD pathogenesis|[5,6,9].

Several explanations may account for the weak
association between Sl and MASLD observed
here. First, most cases had mild steatosis and min-
imal fibrosis; systemic inflammatory markers may
rise only in advanced stages [13,14]. Second, ethnic
differences in immune response and genetic poly-
morphisms (e.g., PNPLA3) could influence inflam-
matory profiles [15,16]. Third, SII isinfluenced by
avariety of conditions, including infections and
metabolic syndrome, which may confound itsrela-
tionship with MASLD [8,10,17].

The study confirms the central role of metabol-
ic risk factors (BMI, hyperglycaemia) in MASLD
[1,2,5] and supports the rationale for the recent ter-

BMI: Body mass index.
S| : Systemic immune inflammatory index.

minological shift from NAFLD to MASLD [1,3].
The composite model incorporating Sl highlights
the potential value of multi-parameter algorithms
using readily available clinical and laboratory data
to identify individuals at risk for MASLD in re-
source-limited settings[18,19].

Strengths and limitations:

Strengths of this study include its matched
case-control design, use of non-invasive imaging
(ultrasound and shear-wave elastography) along-
side biochemical scoring (NFS), and integration of
the MASLD nomenclature. Limitations include the
absence of histological or magnetic resonance im-
aging confirmation, the cross-sectional assessment
preventing causal inference, and the single-centre
setting limiting generalizability. Additionaly, die-
tary factors, physical activity and genetic predispo-
sition were not assessed.

Conclusions:

In this Egyptian cohort, the systemic im-
mune-inflammation index failed to differentiate
MASLD patients from healthy controls and demon-
strated poor diagnostic accuracy. However, when
combined with BMI and fasting glucose, Sl con-
tributed modestly to risk prediction. These findings
underscore the importance of metabolic dysfunc-
tionin early MASLD and suggest that SI1 may be
most valuable as part of a multi-marker algorithm
rather than as a stand-alone biomarker. Larger, lon-
gitudinal studies with histological endpoints and
broader biomarker panels are needed to validate
these observations.
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