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Abstract

Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) has
emerged as a global health challenge due to its complex pathophysiological processes.
Systemic inflammation may profoundly affect disease progression, but the correlation
between inflammatory markers and disease severity remains inadequately explored. This
cross-sectional analysis within a prospective cohort evaluated associations of inflamma-
tory markers (IL-6, TNF-«, hsCRP) with MASLD severity (five non-invasive scores) and
metabolic indices, primarily with early-stage disease (66.7% mild fibrosis by TE). Methods:
We recruited 120 patients diagnosed with MASLD. Assessment included anthropometric
measurements, laboratory analyses, and non-invasive fibrosis evaluation using five vali-
dated scoring systems (APRI, FIB-4, NAFLD fibrosis score, FAST score, and transient elas-
tography). Inflammatory markers were quantified using high-sensitivity ELISA techniques.
Medication/comorbidities were recorded (statins 23.3%, diabetes drugs 26.7%), and multi-
variate regressions and FDR correction were applied. Results: Patients showed remarkably
elevated inflammatory markers compared to reference ranges: IL-6 (15.1 & 9.3 pg/mL),
TNF- (38.8 + 29.1 pg/mL), and hsCRP (12.3 = 11.1 mg/L). No correlations were found
between inflammatory markers and disease severity across any non-invasive scoring sys-
tem. However, TNF-« correlated significantly with waist circumference (r = 0.28, p = 0.002)
and ALT (r = 0.19, p = 0.03), while showing inverse correlations with total cholesterol
(r=-0.27,p =0.03) and LDL (r = —0.22, p = 0.02). In contrast, hsCRP correlated positively
with LDL (r = 0.20, p = 0.02) and WBC count (r = 0.24, p = 0.008). Conclusion: This study
reveals a dissociation between systemic inflammatory markers and hepatic fibrosis severity
in MASLD. Inflammatory Markers showed stronger metabolic associations than fibrosis,
limiting their utility as fibrosis surrogates in early MASLD. These findings support a dual-
pathway approach to MASLD management, targeting metabolic and hepatic components
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independently. The divergent associations of TNF-« and hsCRP with lipid profiles suggest
distinct inflammatory mechanisms in MASLD.

Keywords: metabolic dysfunction-associated steatotic liver disease (MASLD); IL-6; hsCRP;
TNF-o; inflammatory markers

1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) has emerged as
the most prevalent chronic liver disease globally, affecting approximately 38% of adults
worldwide, with projections suggesting this prevalence will exceed 55% by 2040 [1].

Beyond hepatic involvement, MASLD is correlated with a multisystem metabolic
disorder intricately linked to insulin resistance, obesity, dyslipidemia, hypertension, and
genetic susceptibility [2]. These factors contribute to disease progression from simple
steatosis to metabolic dysfunction-associated steatohepatitis (MASH), advanced fibrosis,
cirrhosis, and hepatocellular carcinoma [3], while also exacerbating systemic complications
including cardiovascular disease, atherosclerosis, chronic kidney disease, and metabolic
syndrome [4].

A central feature linking MASLD to its systemic manifestations is chronic low-grade
systemic inflammation. Adipose tissue dysfunction, insulin resistance, and metabolic dys-
regulation trigger activation of innate immune pathways and release of pro-inflammatory
cytokines into circulation [5]. Among these key inflammatory mediators, interleukin-
6 (IL-6), tumour necrosis factor-alpha (TNF-«), and high-sensitivity C-reactive protein
(hsCRP) are well-established biomarkers of systemic inflammation implicated in both
metabolic disorders and cardiovascular disease, as well as in the progression of chronic
liver disease [6,7]. However, the intricate relationships between systemic inflammatory
markers, hepatic disease severity, and metabolic dysfunction remain incompletely under-
stood, particularly regarding whether these biomarkers showed stronger associations with
liver pathology or extra-hepatic metabolic disturbances [8].

While liver biopsy remains the gold standard for assessing MASLD severity, its in-
vasiveness, sampling variability, cost, and risk of complications limit its routine clinical
application [9]. This has driven the development and validation of numerous non-invasive
assessment tools, including serum biomarker scores and imaging-based techniques. Among
serum-based scores, the Fibrosis-4 Index (FIB-4) and the AST-to-Platelet Ratio Index (APRI)
have demonstrated satisfactory diagnostic performance for advanced fibrosis [10,11]. The
NAFLD Fibrosis Score (NFS) has shown moderate accuracy for predicting liver-related
events [12]. More recently, the FibroScan-AST (FAST) score, combining transient elastogra-
phy with AST levels, has emerged as a promising tool for non-invasive identification of
patients with fibrotic MASH [13].

Despite growing evidence, fundamental uncertainty persists regarding whether in-
flammatory biomarkers in MASLD showed stronger associations with hepatic disease
severity or instead mirror the underlying metabolic dysfunction that accompanies the con-
dition. Most previous studies have examined these markers either in relation to histological
severity or cardiovascular outcomes, but few have systematically compared their associ-
ations with both comprehensive non-invasive fibrosis indices and metabolic parameters
within the same MASLD cohort [14,15]. This distinction has critical implications for patient
risk stratification, treatment target selection, and interpretation of therapeutic trials.

The widespread clinical measurement of inflammatory biomarkers in MASLD pa-
tients raises a fundamental question: do these biomarkers provide meaningful information
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about liver disease severity that could guide clinical decisions, or do they show stronger
associations with metabolic disturbances that should be addressed through metabolic inter-
ventions rather than liver-specific therapies? While cytokines and acute-phase reactants
are known to be elevated in MASLD, their precise relationship to fibrosis progression
as assessed by the comprehensive array of validated non-invasive scoring systems now
available remains inadequately characterized.

The present study addresses this critical knowledge gap by evaluating serum levels of
three key inflammatory markers (IL-6, TNF-«, and hsCRP) in a well-characterized cohort
of patients with MASLD and systematically analyzing their correlations with: (1) disease
severity assessed through five validated non-invasive indices (APRI, FIB-4, NAFLD fibrosis
score, FAST score, and transient elastography with controlled attenuation parameter),
and (2) key metabolic parameters, including anthropometric indices, glycemic control,
and comprehensive lipid profiling. By clarifying these relationships, we aim to determine
whether inflammatory markers function as prognostic tools associating with hepatic disease
severity or primarily indicate extra-hepatic metabolic dysfunction in MASLD, thereby
informing more rational approaches to risk stratification and therapeutic targeting in this
increasingly prevalent and clinically heterogeneous condition.

2. Materials and Methods
2.1. Research Framework and Ethics Protocol

This was a cross-sectional analysis conducted within a prospective observational
cohort enrolled between January 2025 and October 2025 at Beni-Suef University Hospital.
The study was approved by the institutional ethics committee (approval number: FMB-
SUREC/05012025/FEid), and all procedures adhered to Declaration of Helsinki principles.
All participants provided written informed consent.

2.2. Participant Eligibility Criteria

Participants were required to meet the MASLD diagnostic criteria [16], including
confirmation of hepatic steatosis through imaging (abdominal ultrasound) and controlled
attenuation parameter (CAP) measurement. Additionally, subjects required at least one
metabolic dysfunction indicator: BMI > 25 kg/m?, diabetes or impaired glycemic con-
trol (defined as HbAlc > 6.5% or fasting plasma glucose > 126 mg/dL), hypertension
(>130/85 mmHg or treated), dyslipidemia (triglycerides > 150 mg/dL or HDL-cholesterol
<40 mg/dL in men/<50 mg/dL in women).

Individuals with alternative steatosis etiologies were excluded, including excessive
alcohol consumption (>50 g/day for women, >60 g/day for men), medication-induced
hepatic injury, hepatitis B or C infection, or Wilson’s disease. Additional exclusions included
age < 18 years, pregnancy, decompensated cirrhosis, portal hypertension, hepatocellular
malignancy, and anti-inflammatory medications.

2.3. Clinical and Anthropometric Evaluation

All patients underwent comprehensive medical history assessment and physical
examination. Anthropometric measurements included body mass index (BMI; weight
in kg /height in m?) and waist circumference (measured at the midpoint between the lowest
rib and iliac crest after normal expiration in a standing position).

Medication and Comorbidity Controls

Data on medication use and comorbidities were recorded: statin use (n = 28, 23.3%),
diabetes medications (n = 32, 26.7%), antihypertensives (n = 45, 37.5%), and smoking status
(n = 18 current smokers, 15.0%). These factors can influence inflammatory markers but
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were not adjusted in primary univariate analyses due to collinearity with metabolic traits;
multivariate models included diabetes status and relevant covariates. Lack of complete
adjustment acknowledged as limitation.

2.4. Laboratory Investigations
2.4.1. Blood Sample Collection and Processing

Venous blood samples were collected after an overnight fast (minimum 8 h) between
8:00 and 10:00 AM to minimize circadian variation. Blood was drawn using standard
venipuncture technique into appropriate collection tubes: serum separator tubes for bio-
chemical analyses, EDTA tubes for complete blood count, and plain tubes for inflammatory
marker assessment. Serum was separated by centrifugation at 3000 rpm for 15 min at room
temperature within 30 min of collection. Samples were aliquoted and stored at —80 °C
until batch analysis to avoid freeze-thaw cycles.

2.4.2. Routine Biochemical Parameters

Liver enzymes (ALT, AST in IU/L), GGT (IU/L), albumin (g/dL), fasting plasma
glucose (mg/dL), HbAlc (%), lipid profile (total cholesterol, HDL /LDL-cholesterol, triglyc-
erides in mg/dL), complete blood count (platelets/WBC in 10? /L), and renal function were
measured using automated analyzers according to standard laboratory protocols. Fast-
ing insulin was measured using chemiluminescence immunoassay, and insulin resistance
was calculated using the homeostatic model assessment for insulin resistance (HOMA-IR)
formula: [fasting insulin (uU/mL) x fasting glucose (mg/dL)]/405 [17].

2.4.3. Inflammatory Marker Quantification

Interleukin-6 (IL-6): Serum IL-6 levels were quantified using the Quantikine HS High
Sensitivity ELISA Kit (R&D Systems, Catalog #H5600C, Minneapolis, MN, USA). The assay
procedure followed the manufacturer’s protocol with a total assay time of approximately
4 h. The assay sensitivity was 0.09 pg/mL. Intra-assay and inter-assay coefficients of
variation were <7.8% and <7.2%, respectively.

Tumor Necrosis Factor-alpha (TNF-o): Serum TNF-« concentrations were determined
using the Quantikine HS ELISA Kit (R&D Systems, Catalog #HSTAOOE, Minneapolis, MN,
USA) following the manufacturer’s instructions. The assay sensitivity was 0.049 pg/mL,
with intra-assay and inter-assay precision (CV%) of <8.7% and <10.8%, respectively. The
detection range was 0.5-32 pg/mL.

High-Sensitivity C-Reactive Protein (hsCRP): HsCRP was measured using a high-
sensitivity turbidimetric immunoassay (Siemens Healthcare Diagnostics, Tarrytown, NY,
USA). The assay range was 0.1-20 mg/L with functional sensitivity of <0.3 mg/L. Intra-
assay and inter-assay imprecision were <5% across the measuring range.

All inflammatory marker measurements were performed in duplicate, and mean
values were used for statistical analysis. Samples with coefficient of variation >10% between
duplicates were re-analyzed. Quality control procedures included analysis of low, medium,
and high control samples with each batch.

2.5. Hepatic Steatosis and Fibrosis Assessment
2.5.1. Abdominal Ultrasonography

Abdominal ultrasonography was conducted using a Philips EPIQ 7G system (Philips,
Bothell, WA, U.S.A) following a standardized protocol administered by two experienced
radiologists. The examination evaluated liver echogenicity, hepatomegaly, signs of portal
hypertension, and focal hepatic lesions. Ultrasonographic grading of hepatic steatosis was
determined according to the following criteria: Grade 0 (Normal) denoted normal liver
echogenicity; Grade 1 (Mild) was characterized by minimal diffuse increase in hepatic
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echogenicity with preserved visualization of the diaphragm and intrahepatic vessel bor-
ders; Grade 2 (Moderate) was defined by moderate increase in hepatic echogenicity with
slightly impaired visualization of intrahepatic vessels and diaphragm; Grade 3 (Severe)
was identified by marked increase in echogenicity with poor or absent visualization of
hepatic vessels and diaphragm [4].

2.5.2. Transient Elastography (FibroScan®)

Liver stiffness measurement (LSM) and controlled attenuation parameter (CAP) mea-
surement were performed using a FibroScan® 502 Touch device (Echosens, Paris, France)
equipped with M and XL probes. Examinations were conducted by trained operators,
with patients fasting for at least 3 h prior to examination. Patients were positioned supine
with the right arm in maximal abduction, and measurements were obtained through inter-
costal spaces targeting the right hepatic lobe. CAP, representing ultrasound attenuation at
3.5 MHz and expressed in dB/m, provided steatosis assessment. LSM, expressed in kilo-
pascals (kPa), evaluated liver stiffness as a surrogate for fibrosis. Only examinations with
at least 10 valid measurements, success rate > 60%, and interquartile range (IQR)/median
ratio < 30% were considered reliable and included in analysis [18].

2.6. Non-Invasive Fibrosis Score Calculations: Multiple Validated Non-Invasive Scoring Systems
Were Calculated for Each Patient

APRI (AST-to-Platelet Ratio Index): APRI = [(AST [IU/L]/AST upper normal
limit [40 IU/L]) x 100]/Platelet count [10°/L]. Cutoffs: <0.5 excludes significant fibro-
sis; >1.0 suggests cirrhosis [19].

FIB-4 Index: FIB-4 = [Age (years) x AST (IU/L)]/[Platelet count (10°/L) x /ALT
(IU/L)]. Cutoffs: <1.45 excludes advanced fibrosis (NPV 90%); >3.25 indicates advanced
fibrosis with 97% specificity [20].

NAFLD Fibrosis Score (NFS): NFS = —1.675 + 0.037 x Age (years) + 0.094 x BMI (kg/ m?)
+ 1.13 x IFG/Diabetes (yes = 1, no = 0) + 0.99 x AST/ALT ratio — 0.013 x Platelet count
(10°/L) — 0.66 x Albumin (g/dL). Cutoffs: <—1.455 excludes advanced fibrosis; >0.676 indi-
cates advanced fibrosis [21].

FAST Score (FibroScan-AST): The FAST score was calculated using the proprietary
formula combining LSM (kPa), CAP (dB/m), and AST (IU/L) as provided by the FibroScan®
device software (Version C 3.1., Echosens, Paris, France) Cutoffs: <0.35 rules out fibrotic
NASH; >0.67 rules in fibrotic NASH [22].

ASCVD Risk Score: The 10-year atherosclerotic cardiovascular disease risk was cal-
culated using the Pooled Cohort Equations from the 2013 ACC/AHA guidelines, incor-
porating age, sex, race, total cholesterol, HDL-cholesterol, systolic blood pressure, antihy-
pertensive medication use, diabetes status, and smoking status. The score estimates the
10-year risk of first hard ASCVD event (nonfatal myocardial infarction, CHD death, or
fatal /nonfatal stroke) [23].

2.7. Statistical Analysis

Data analysis was performed using Statistical Package for Social Sciences (SPSS)
software version 22 (SPSS Inc., Chicago, IL, USA). Descriptive analysis included frequencies
and percentages for qualitative data. Continuous variables were tested for normality using
the Kolmogorov-Smirnov test. Parametric data were expressed as means with standard
deviations, while non-parametric data were reported as medians with ranges.

The Kruskal-Wallis test was used to compare more than two independent groups for
non-parametric data. The Mann-Whitney U test compared two independent groups. Chi-
square test (or Fisher’s exact test when appropriate) compared categorical variables. Spear-
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man’s rank correlation coefficient assessed associations between non-parametric variables
and between inflammatory markers with clinical, laboratory, and fibrosis score parameters.
All statistical tests were two-sided, and a p-value < 0.05 was considered statistically
significant. Multivariate Analysis: Linear regressions with inflammatory markers as de-
pendents, adjusted for age, sex, BMI, waist circumference, diabetes status, ALT/AST.
Benjamini-Hochberg FDR correction applied to correlations (q < 0.05 significant).

3. Results

Our analysis proceeded in three sequential phases: first, we characterized the demo-
graphic and clinical features of our MASLD cohort; second, we systematically evaluated
disease severity using multiple validated non-invasive scoring systems; and third, we
examined relationships between inflammatory markers and both fibrosis severity and
metabolic parameters:

3.1. Demographic and Clinical Characteristics

Our study included 120 patients with MASLD, with a mean age of 47.3 &+ 7.9 years
(range: 29-66 years). The cohort demonstrated female predominance (56.7%, n = 68), and
30% (n = 36) had diabetes mellitus. Anthropometric measurements revealed substantial
metabolic burden, with mean waist circumference of 111.4 & 11.9 cm (range: 84-176 cm)
and mean BMI of 35.2 4 7.3 kg/m? (range: 24.4-61.8 kg/m?), indicating obesity as a

predominant feature in this population [Table 1] .

Table 1. Demographic characteristics and laboratory investigations among study group.

Number (n = 120)

Variables Mean + SD Median (Range)
Age (years) 473 +79 47.5(29-66)
Sex No. Yo
Male 52 43.3%
Female 68 56.7%

Diabetes mellitus
No 84 70%
Yes 36 30%
Anthropometric measure Mean =+ SD Median (Range)
Waist circumference (cm) 1114 +11.9 110 (84-176)
BMI (kg/m?) 352+ 7.3 34 (24.4-61.8)
Laboratory investigations Mean £ SD Median (Range)

FBS 120.02 +47.9 105 (60-372)
HOMA-IR 22+098 1.9 (0.86-6.4)

ALT 33.1+141 28 (16-85)

AST 33.5+11.2 31 (15-75)

GGT 48.9 £ 38.9 38 (14-251)

Albumin 4.02 £0.33 4(3-4.7)
Total cholesterol 191.1 + 46.3 191 (99-376)
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Table 1. Cont.

Number (n = 120)

Variables Mean + SD Median (Range)
Triglyceride 196.3 + 101.2 172.5 (66-797)
LDL 103.6 £ 47.7 101 (3.2-378)
HDL 47.6 £9.9 47.5 (26-85)
Hemoglobin 13.3£15 13.3 (10-16.5)
PLT count 2714 £59.5 266.5 (151-422)
WBCs 6.9 +2.3 6.1 (3.7-16.7)

The laboratory parameters associated with the metabolic dysfunction characteristic
of MASLD were as follows: Mean fasting blood glucose was 120.02 £ 47.9 mg/dL (range:
60-372 mg/dL), with mean HOMA-IR of 2.2 £ 0.98 (range: 0.86-6.4), indicating significant
insulin resistance. Liver enzymes showed mild elevation, with mean ALT of 33.1 + 14.1 U/L
(range: 16-85 U/L) and mean AST of 33.5 &+ 11.2 U/L (range: 15-75 U/L). Lipid profile
abnormalities were common, with mean total cholesterol of 191.1 =+ 46.3 mg/dL, triglycerides
of 196.3 & 101.2 mg/dL, LDL-~cholesterol of 103.6 £ 47.7 mg/dL, and HDL-cholesterol of
47.6 & 9.9 mg/dL. Hematological parameters included mean hemoglobin of 13.3 4= 1.5 g/dL,
platelet count of 271.4 £ 59.5 x 10°/L, and white blood cell count of 6.9 + 2.3 x 10°/L.
Complete demographic and laboratory data are presented in [Table 1].

3.2. Assessment of MASLD Severity Using Non-Invasive Parameters

Hepatic steatosis and fibrosis were assessed using multiple validated non-invasive
tools. The median CAP score was 334 dB/m (range: 100400 dB/m), with the majority of
patients (83.3%, n = 100) classified as having severe steatosis (S3), while 6.7% (n = 8) had S0,
3.3% (n =4) had S1, and 6.7% (n = 8) had S2 steatosis [Table 2].

Table 2. Assessment of grades of MASLD severity according to the measured scores among

study groups.
MASLD Severity (n = 120)

Variables Mean + SD Median (Range)
CAP score 325.7 £ 54.2 334 (100-400)
TE score 75+43 6.1 (2.1-28)
FAST score 050 £ 1.6 0.33 (0.04-18)
APRI score 0.33£0.15 0.30 (0.1-1.1)
Fib 4 score 1.09 £+ 0.54 1.01 (0.43-3.96)
NAFLD F score 117+ 124 —1.17 (—=3.86/2.15)

ASCV score 3.8 £5.02 2(0.3-35.3)
Severity grades Mild Moderate Severe
TE score 80 (66.7%) 28 (23.3%) 12 (10%)
FAST score 119 (99.2%) 1 (0.8%) -
Fib 4 score 86 (71.7%) 31 (25.8%) 3(2.5%)
Low Intermediate High
APRI score 114 (95%) 6 (5%) -
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Table 2. Cont.
MASLD Severity (n = 120)

Variables Mean + SD Median (Range)

NAFLD F score 46 (38.3%) 39 (32.5%) 35 (29.2%)
S0 S1 52 S3

CAP score 8 (6.7%) 4 (3.3%) 8 (6.7%) 100 (83.3%)

Low Borderline Intermediate High

ASCV score 96 (80%) 11 (9.2%) 10 (8.3%) 3(2.5%)

Regarding fibrosis assessment, transient elastography revealed a median liver stiffness
measurement of 6.1 kPa (range: 2.1-28 kPa). The distribution of fibrosis severity by TE score
showed that 66.7% (n = 80) had mild fibrosis, 23.3% (n = 28) had moderate fibrosis, and
10% (n = 12) had severe fibrosis. The FAST score (median: 0.33, range: 0.04-18) classified
99.2% (n = 119) as mild and only 0.8% (n = 1) as severe [Table 2].

Serum-based fibrosis scores demonstrated varying severity distributions. The APRI
score (median: 0.30, range: 0.1-1.1) categorized 95% (n = 114) as low risk and 5% (n = 6)
as intermediate risk. The FIB-4 score (median: 1.01, range: 0.43-3.96) identified 71.7%
(n = 86) as having mild fibrosis, 25.8% (n = 31) as moderate, and 2.5% (n = 3) as severe. The
NAFLD fibrosis score (median: —1.17, range: —3.86 to 2.15) classified 38.3% (n = 46) as
low risk, 32.5% (n = 39) as intermediate risk, and 29.2% (n = 35) as high risk. The ASCVD
score (median: 2, range: 0.3-35.3) categorized 80% (n = 96) as low risk, 9.2% (n = 11) as
borderline, 8.3% (n = 10) as intermediate risk, and 2.5% (n = 3) as high risk. Complete
severity assessment data are shown in [Table 2].

3.3. Inflammatory Marker Profiles in MASLD Patients

Analysis of systemic inflammatory markers revealed markedly elevated levels
compared to established reference ranges. Mean IL-6 level was 15.1 &+ 9.3 pg/mL (me-
dian: 14.4 pg/mL, range: 0-68.3 pg/mL), substantially exceeding the normal reference
range of 0.495-3.92 pg/mL. Mean TNF-o concentration was 38.8 & 29.1 pg/mL (me-
dian: 30.4 pg/mL, range: 0-109.6 pg/mL), markedly higher than the normal range of
0.753-1.66 pg/mL. Mean hsCRP level was 12.3 + 11.1 mg/L (median: 8.4 mg/L, range:
0.5-44.9 mg/L), well above the elevated cardiovascular risk threshold of >3.0 mg/L [Figure 1].
Levels relative to references, not matched controls—interpret magnitude cautiously. These
findings confirm substantial systemic inflammation in our MASLD cohort.

70
38.8
60

50

40

Concentration

30

3.92

1L-6 (pg/mL) TNF-a (pg/mL) hsCRP (mg/L)

- Measured Mean (MASLD patients) : Normal Upper Limit

Figure 1. Inflammatory Marker Profiles in MASLD Patients.
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3.4. Relationship Between IL-6 and Hepatic Fibrosis Severity

To determine whether IL-6 levels correlate with liver disease severity, we systemati-
cally analyzed IL-6 concentrations across all seven non-invasive fibrosis scoring systems.
Contrary to expectations, IL-6 demonstrated no significant associations with fibrosis sever-
ity across any of the assessment tools [Table S1].

When stratified by CAP score for steatosis severity, IL-6 levels showed no significant
differences between SO (13.6 £ 3.2 pg/mL), S1 (16.3 + 11.3 pg/mL), S2 (12.5 + 7.1 pg/mL),
and S3 (154 £ 9.8 pg/mL) groups (p = 0.86). Similarly, APRI score categories re-
vealed comparable IL-6 levels between low-risk (14.9 £ 9.5 pg/mL) and intermediate-risk
(17.1 £ 3.5 pg/mL) groups (p = 0.22). The NAFLD fibrosis score categories demonstrated
no significant variation in IL-6 levels across low-risk (15.9 & 11.7 pg/mL), intermediate-risk
(13.6 = 6.9 pg/mL), and high-risk (15.5 £ 8.2 pg/mL) groups (p = 0.70) [Table S1].

Transient elastography-based classification showed no significant IL-6 differences be-
tween mild (14.8 = 10.3 pg/mL), moderate (14.7 £ 7.4 pg/mL), and severe (17.8 & 6.4 pg/mL)
fibrosis (p = 0.75). The FAST score comparison between mild (15.1 &+ 9.4 pg/mL) and
severe (12.7 & 0.0 pg/mL) categories was also non-significant (p = 0.73). FIB-4 score
categories showed no significant differences across mild (14.8 £+ 9.8 pg/mL), moder-
ate (15.4 + 8.2 pg/mL), and severe (19.3 &+ 4.4 pg/mL) fibrosis (p = 0.19). Finally, AS-
CVD risk categories demonstrated no significant variation in IL-6 levels across low
(14.3 £ 8.7 pg/mL), borderline (15.8 & 14.4 pg/mL), intermediate (18.7 = 7.2 pg/mL), and
high (22.9 &+ 9.8 pg/mL) risk groups (p = 0.15) [Table S1].

The fibrosis scores entered in the multivariate models all had f < 0.10 and
p > 0.20 (nonsignificant).

3.5. Relationship Between hsCRP and Hepatic Fibrosis Severity

High-sensitivity C-reactive protein levels were similarly analyzed across all fibrosis
scoring systems, revealing consistent lack of association with disease severity [Table 52].

CAP score stratification showed no significant hsCRP differences between S0
(19.1 £199mg/L),S1 (6.7 &+ 3.8 mg/L), S2 (15.2 + 13.4 mg/L), and S3 (11.8 £ 10.0 mg/L)
groups (p = 0.69). APRI score categories demonstrated comparable hsCRP levels between
low-risk (12.4 &+ 11.3 mg/L) and intermediate-risk (11.8 &= 4.7 mg/L) groups (p = 0.42). The
NAFLD fibrosis score revealed no significant differences across low-risk (15.7 & 13.9 mg/L),
intermediate-risk (9.6 & 7.9 mg/L), and high-risk (10.9 & 8.5 mg/L) categories (p = 0.16)
[Table S2].

Transient elastography classification showed no significant hsCRP variation between
mild (12.6 + 11.3 mg/L), moderate (12.1 & 10.2 mg/L), and severe (10.9 & 12.1 mg/L) fibro-
sis groups (p = 0.73). FAST score comparison between mild (12.4 + 11.1 mg/L) and severe
(3.9 £ 0.0 mg/L) categories was non-significant (p = 0.48). FIB-4 categories demonstrated
no significant differences across mild (13.1 & 11.7 mg/L), moderate (10.1 + 9.4 mg/L),
and severe (12.0 & 5.9 mg/L) fibrosis (p = 0.38). ASCVD risk categories also showed no
significant hsCRP variation across low (12.8 & 11.7 mg/L), borderline (13.5 + 10.3 mg/L),
intermediate (8.3 & 4.4 mg/L), and high (7.8 & 6.9 mg/L) risk groups (p = 0.77) [Table S2].

3.6. Relationship Between TNF-a and Hepatic Fibrosis Severity

Tumor necrosis factor-alpha levels were comprehensively evaluated across all non-
invasive scoring systems, consistently demonstrating no significant associations with
fibrosis severity [Table S3].

When stratified by CAP score, TNF-o levels showed no significant differences be-
tween S0 (42.02 £+ 35.1 pg/mL), S1 (34.1 + 20.3 pg/mL), S2 (32.2 + 24.7 pg/mL), and S3
(39.2 £ 29.5 pg/mL) groups (p = 0.91). APRI score categories revealed comparable TNF-«
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levels between low-risk (38.8 £ 29.3 pg/mL) and intermediate-risk (36.8 £ 27.8 pg/mL)
groups (p = 0.91). The NAFLD fibrosis score demonstrated no significant variation across
low-risk (42.1 £ 31.01 pg/mL), intermediate-risk (33.6 £+ 27.4 pg/mL), and high-risk
(39.9 + 28.3 pg/mL) categories (p = 0.45) [Table S3].

Transient elastography-based classification showed no significant TNF-« differ-
ences between mild (36.1 + 30.2 pg/mL), moderate (43.1 &+ 26.9 pg/mL), and severe
(45.8 £ 26.4 pg/mL) fibrosis groups (p = 0.17). FAST score comparison between mild
(38.3 £28.9 pg/mL) and severe (86.6 & 0.0 pg/mL) categories was non-significant (p = 0.17).
FIB-4 categories revealed no significant differences across mild (39.1 & 29.9 pg/mL), mod-
erate (36.9 £ 27.04 pg/mL), and severe (45.4 =+ 36.2 pg/mL) fibrosis (p = 0.83). ASCVD risk
categories demonstrated no significant TNF-o variation across low (37.9 & 28.5 pg/mL), bor-
derline (34.5 + 34.7 pg/mL), intermediate (44.9 &= 29.4 pg/mL), and high (59.5 & 31.6 pg/mL)
risk groups (p = 0.46) [Table S3].

3.7. Comprehensive Summary of Inflammatory Markers and Fibrosis Severity

The collective findings from Sections 3.4-3.6 establish a consistent pattern: none of the
three inflammatory markers (IL-6, hsCRP, TNF-«) demonstrated significant associations
with liver disease severity across any of the five non-invasive fibrosis scoring systems
(CAP, APRI, NAFLD-F, TE, FAST) or with cardiovascular risk assessment (ASCVD score).
This consistent lack of correlation across multiple validated assessment tools strengthens
the evidence that systemic inflammation is decoupled from hepatic fibrosis progression
in MASLD.

3.8. Correlations Between Inflammatory Markers and Metabolic Parameters

In contrast to the absence of associations with fibrosis severity, inflammatory markers
demonstrated significant correlations with metabolic parameters, suggesting that their
primary role reflects metabolic dysfunction rather than liver disease progression [Table S4].

TNF-« showed significant positive correlations with waist circumference (r = 0.28,
p =0.002) and ALT (r = 0.019, p = 0.03), indicating associations with central obesity and
hepatocellular injury. Notably, TNF-« demonstrated significant inverse correlations with
total cholesterol (r = —0.27, p = 0.003) and LDL-cholesterol (r = —0.22, p = 0.02), as well as
with triglycerides (r = —0.13, p = 0.015). These divergent lipid associations suggest complex
interactions between TNF-o-mediated inflammation and lipid metabolism [Figure 2].

HsCRP demonstrated a distinct pattern of metabolic associations, showing significant
positive correlations with LDL-cholesterol (r = 0.20, p = 0.02) and white blood cell count
(r = 0.24, p = 0.008), reflecting its role as a marker of cardiovascular risk and systemic
inflammation [Figure 3]. IL-6 showed no significant correlations with any of the measured
anthropometric or metabolic parameters, including age, waist circumference, BM], fasting
blood glucose, HOMA-IR, liver enzymes, lipid profile components, or hematological
parameters (all p > 0.05). This lack of correlation may reflect measurement variability or
distinct biological roles compared to TNF-oc and hsCRP in this population.

No significant correlations were observed between any inflammatory markers and age,
BMI, fasting blood glucose, HOMA-IR, AST, GGT, albumin, HDL-cholesterol, hemoglobin,
or platelet count (all p > 0.05) [Table S4]. These findings collectively indicate that systemic in-
flammatory markers in MASLD showed stronger associations with metabolic disturbances,
particularly central obesity and lipid dysregulation, rather than hepatic fibrosis severity.

Figure 2: TNF- vs. Metabolic Parameters: X-axis: waist circumference (cm), total
cholesterol (mg/dL); Y-axis: TNF-o (pg/mL). Points colored by TE fibrosis (blue = mild,
orange = moderate, red = severe). No fibrosis severity gradient (overlap across colors);
positive waist trend (r = 0.28, q = 0.01), inverse cholesterol (r = —0.27, q = 0.03).
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Figure 3. Correlations Between Hs-CRP and Metabolic Parameters.

Figure 3: hsCRP vs. Metabolic Parameters: Similar format. hsCRP rises with LDL
(r=0.20, q = 0.02); no fibrosis pattern.

3.9. Metabolic and Multivariate Associations
Univariate Spearman’s correlations (post-FDR q < 0.05):

o  TNF-a: waist circumference r = 0.28 q = 0.01, ALT r = 0.19 q = 0.04; inverse total choles-
terol r = —0.27 q=0.03, LDL r = —0.22 q = 0.04, triglycerides r = —0.13 q = 0.045 (corrected).

e hsCRP:LDLr=0.20q=0.02, WBCr=0.24 q=0.01.

e  IL-6: no significant metabolic correlations post-FDR. Tables 3 and 4
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Table 3. Key Correlations (FDR-adjusted).
Marker Parameter T p q (FDR)
TNF-a Waist (cm) 0.28 0.002 0.01
TNF-« Triglycerides (mg/dL) —0.13 0.015 0.045
hsCRP LDL (mg/dL) 0.20 0.02 0.02
hsCRP WBC (10°/L) 0.24 0.008 0.01
Fibrosis scores: all q > 0.20 (NS).
Table 4. Multivariate Linear Regression Models.
Model Dependent Predictor B 4 Adjusted R?
1 TNF-o (pg/mL) Waist (cm) 0.28 <0.01 0.32
Diabetes (yes) 0.15 0.08
TE (kPa) 0.07 0.32
2 hsCRP (mg/L) LDL (mg/dL) 0.18 0.03 0.25
BMI (kg/m?) 0.12 0.15
FIB-4 0.05 0.48

Fibrosis scores nonsignificant across models (all p > 0.20).

4. Discussion

MASLD is now recognized as the most prevalent chronic liver disease worldwide,
representing a multisystem metabolic disorder in which inflammatory cascades play crucial
roles in both pathogenesis and prognosis [24,25]. We conducted a cross-sectional obser-
vational study of 120 patients to evaluate inflammatory markers as potential prognostic
indicators. Our principal finding reveals that systemic inflammatory markers correlate
more strongly with metabolic parameters than with non-invasive indicators of fibrosis
severity, suggesting a fundamental shift from fibrosis staging to metabolic-inflammatory
interactions in MASLD. This unexpected dissociation between inflammation and fibrosis
severity forms the foundation for reconsidering how we interpret inflammatory biomarkers
in clinical practice.

This cross-sectional analysis demonstrates that systemic inflammatory markers
(IL-6, TNF-o, hsCRP) in MASLD patients showed no significant associations with fibrosis
severity across five validated non-invasive scoring systems, but exhibited consistent cor-
relations with metabolic parameters that persisted after multivariate adjustment. These
findings highlight a dissociation between circulating inflammation and hepatic fibrosis,
with stronger links to metabolic dysfunction (e.g., TNF-« with waist circumference 3 = 0.28,
p < 0.01; hsCRP with LDL 3 = 0.18, p = 0.03).

These findings differ from those of studies that identified elevated inflammatory mark-
ers associated with advanced fibrosis stages [26-28], which naturally raises the question:
why this divergence? Several methodological factors offer plausible explanations. The
lack of fibrosis associations aligns with the cohort’s composition: 66.7% had mild fibro-
sis by transient elastography, with only 10% severe and 2-5% advanced disease across
other scores. This skewed distribution substantially limited statistical power to detect
inflammation-fibrosis links in advanced stages, restricting conclusions primarily to early
MASLD. FAST score analyses (99.2% mild, n = 1 severe) were descriptive only due to
extreme imbalance.

Studies reporting positive correlations often included higher proportions of advanced
fibrosis, creating greater phenotypic variability that facilitates detection of biomarker—
severity relationships [29]. Additionally, we utilized non-invasive assessment methods
rather than liver biopsy. While extensively validated and recommended by current guide-
lines [30], these tools may capture different aspects of liver pathology compared to histolog-
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ical assessment. Furthermore, unmeasured confounding variables such as dietary patterns,
physical activity, ethnic background, and genetic factors which are known to influence both
steatosis development and inflammatory responses [31] may have contributed to observed
patterns. Recent cluster analyses have revealed substantial heterogeneity within MASLD,
identifying distinct molecular subtypes with different inflammatory signatures and pro-
gression risks [29,32], suggesting that our cohort may represent a specific phenotype where
metabolic rather than hepatic factors dominate the inflammatory profile.

Despite these methodological considerations, our findings align with a growing body
of evidence suggesting that systemic inflammatory markers in MASLD may be more closely
linked to metabolic dysfunction than histological progression. While hsCRP has been
consistently identified as a major risk factor for NAFLD development [33,34], its association
with fibrosis severity shows considerable variability [35]. Similarly, findings regarding TNE-
o remain inconsistent across prospective and cross-sectional studies [36-38], likely reflecting
the complex, multifaceted role of inflammatory mediators that function simultaneously
as drivers of metabolic dysfunction, hepatic injury, and systemic complications. This
complexity led us to investigate where, precisely, the inflammatory signals might be
originating [5,39-41].

The adipose-liver axis emerged as a compelling explanation for our observations. The
strong positive association between TNF-« and waist circumference observed in our study
directly supports the adipose-inflammation connection, consistent with meta-analyses
demonstrating robust correlations between TNF-« and central obesity [42—44]. Central
adiposity is characterized by increased macrophage infiltration, adipocyte hypertrophy,
and altered adipokine secretion that collectively drive systemic inflammation [7]. This
finding carries a clear clinical implication: addressing central obesity through lifestyle mod-
ifications, pharmacotherapy, or bariatric interventions may be more effective at reducing
systemic inflammation than liver-targeted therapies alone. Building on this adipose-centric
perspective, we also observed that the association between TNF-a and ALT likely results
from TNF-«'s direct hepatotoxic effects and disruption of insulin signaling pathways [45,46].
However, and this is crucial, this association with liver injury markers did not translate
into associations with fibrosis severity, suggesting that while TNF-a may contribute to
hepatocellular damage, its elevation primarily reflects metabolic dysfunction rather than fi-
brogenic activity [47,48]. This distinction became even more intriguing when we examined
the inflammatory markers’ relationships with lipid profiles.

Another unexpected layer of complexity is that we observed an inverse association
between TNF-« and both total cholesterol and LDL-cholesterol, as well as with triglycerides,
a pattern that initially appears counterintuitive given the traditional association between
inflammation and dyslipidemia in metabolic syndrome. Yet this paradoxical relationship
can be explained through well-established mechanisms of TNF-a-mediated effects on
cholesterol homeostasis: TNF-« enhances LDL receptor expression on endothelial cells
and macrophages, accelerating LDL internalization [49], downregulates HMG-CoA reduc-
tase [50], and facilitates PCSK9-mediated degradation of LDL receptors [51,52]. Clinical evi-
dence from anti-TNF-« medications confirms that active TNF-« signaling suppresses circu-
lating LDL-cholesterol [53], carrying important therapeutic implications: anti-inflammatory
strategies targeting TNF-o pathways may inadvertently worsen lipid profiles, necessitating
concurrent lipid management.

In striking contrast, hsCRP showed the opposite pattern, correlating positively with
LDL-cholesterol and white blood cell count, likely reflecting chronic low-grade inflamma-
tion combined with the lipid dysfunction characteristic of metabolic syndrome [54-56]. The
landmark 30-year study by Ridker and colleagues demonstrated that hsCRP was a stronger
predictor of cardiovascular events than LDL-cholesterol, with highest risk in individuals
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with elevated levels of both biomarkers [57]. This is particularly relevant to MASLD, where
cardiovascular disease represents the primary cause of mortality, and patients with elevated
hsCRP and LDL simultaneously face substantially higher cardiovascular event rates [58-61].
These divergent associations suggest that TNF-« and hsCRP represent distinct inflamma-
tory mechanisms requiring different therapeutic approaches [62,63], supporting a precision
medicine approach where strategies are tailored to individual inflammatory-metabolic
signatures. This mechanistic heterogeneity has profound implications for how we should
interpret and act upon elevated inflammatory markers in clinical practice.

These observations compel us to reconsider the clinical utility of inflammatory mark-
ers in MASLD management. When elevated inflammatory markers are detected, clinicians
should interpret these primarily as indicators of metabolic dysfunction and cardiovascu-
lar risk rather than advanced liver disease. This interpretation aligns with the emerging
conceptualization of MASLD as a systemic metabolic disorder with cardiovascular and
malignant complications extending beyond hepatic pathology [64,65]. Given that cardio-
vascular disease accounts for the majority of deaths in MASLD patients [24], elevated
inflammatory markers particularly hsCRP should prompt comprehensive cardiovascular
risk assessment using validated tools such as the ASCVD calculator and guide intensifica-
tion of preventive strategies [66]. Our findings therefore support what might be termed a
dual-pathway approach to MASLD management, addressing both metabolic and hepatic
components independently [67]. Our data suggest the need for parallel assessment of
metabolic-inflammatory status alongside hepatic fibrosis evaluation.

When we consider the therapeutic implications of our findings, recent landmark tri-
als offer encouraging validation of this metabolic-focused approach. These trials have
fundamentally shifted MASLD treatment toward targeting metabolic dysfunction, exempli-
fied by semaglutide’s success in achieving significant NASH resolution through weight
loss and improved insulin sensitivity. The field continues to advance with combination
strategies, such as pairing GLP-1 agonists with FGF21 analogues or SGLT2 inhibitors, to
synergistically address systemic metabolism and direct anti-inflammatory effects [68-70].
This therapeutic evolution reinforces that effective treatment must tackle the root metabolic
drivers of inflammation, though patients with advanced fibrosis likely need combined
metabolic and anti-fibrotic approaches to achieve comprehensive disease modification.

Several limitations temper the interpretation of our results. The cross-sectional design
of this study precludes causal or longitudinal inferences. Univariate correlations were
supplemented with multivariate models adjusting for age, sex, BMI, waist, diabetes, and
liver enzymes, but complete adjustment for medications (statins 23.3%, diabetes drugs
26.7%) was limited by collinearity; smoking data (15%) recorded but not fully modeled.
Marker elevations were relative to published reference ranges, not a matched control group
from the same population. Absence of liver histology represents a key gap, as non-invasive
scores have imperfect correlation with fibrosis stage.

These results suggest that inflammatory markers have limited utility as surrogates
for fibrosis severity in early MASLD, instead signaling underlying metabolic and car-
diometabolic risk. Clinically, this supports decoupling inflammation management from
fibrosis assessment: target metabolic drivers (obesity, dyslipidemia) independently while
using dedicated fibrosis tools (FIB-4, TE) for progression monitoring. Future prospective
studies in advanced fibrosis cohorts, with matched controls and serial measurements, are
needed to confirm if this dissociation holds across disease stages.

5. Conclusions

In this cross-sectional MASLD cohort predominantly comprising early-stage disease,
systemic inflammatory markers showed no associations with non-invasive fibrosis scores
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but correlated independently with metabolic parameters after adjustment. These findings
indicate that markers are primarily associated with metabolic dysfunction rather than
hepatic fibrosis severity, indicating a need for separate targeting of metabolic and fibrotic
pathways in MASLD management.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /metabo16010025/s1, Table S1: Comparisons of IL6 level in MASLD
severity degrees by different scores among study groups; Table S2:Comparisons of Hs-CRP level in
MASLD severity degrees by different scores among study groups.; Table S3: Comparisons of TNF-a
level in MASLD severity degrees by different scores among study groups; Table S4: Correlation
between Inflammatory markers with laboratory data among cases.

Author Contributions: R.A.E.: Writing—original draft, Conceptualization, Investigation, Data
curation. A.M.H.: Methodology, Formal analysis, Validation, Writing, review and editing. D.A.:
Software, Formal analysis, Data curation, Validation. S.O.E., ARN.I, KM.O., AM.A.H. and M.Y.:
Methodology, Investigation, Resources, Project administration. E.A.W.: Writing, review and editing,
Supervision, Validation. H.R., S.O.E., ARN.I, KM.O., AM.A.H. and M.Y.: Formal analysis, Data cu-
ration, Visualization, Software. YM.M.: Project administration, Supervision, Conceptualization. S.N.:
Writing—review and editing, Supervision, Project administration, Investigation, Conceptualization.
All authors have read and agreed to the published version of the manuscript.

Funding: This research and The APC were funded by the Deanship of Research and Graduate Studies
at King Khalid University grant number RGP1/59/46.

Institutional Review Board Statement: This study was conducted according to the Declaration of
Helsinki. The Institutional Review Board of the Faculty of Medicine at Beni-Suef University approved
the study (approval number: FMBSUREC/05012025/Eid and approval date: 5 January 2025).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Raw data supporting this study’s findings are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors extend their appreciation to the Deanship of Research and Graduate
Studies at King Khalid University for funding this work through the Small Research Project under
grant number RGP1/59/46.

Conflicts of Interest: The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with the subject matter or
materials discussed in the manuscript.

References

1. Younossi, Z.M.; Kalligeros, M.; Henry, L. Epidemiology of metabolic dysfunction-associated steatotic liver disease. Clin. Mol.
Hepatol. 2024, 31, S32. [CrossRef] [PubMed]

2. Youssif, M.; Eid, R.A ; Rabea, H.; Madney, Y.M.; Khaled, A.; Orayj, K.; Attia, D.; Wahsh, E.A. Evaluation of the Potential Benefits
of Trimetazidine in Metabolic Dysfunction-Associated Steatotic Liver Disease: A Randomized Controlled Trial. Pharmaceuticals
2025, 18, 1279. [CrossRef] [PubMed]

3. Eid, R.A; Soliman, A.S.; Attia, D.; Nabil, T.; Abd Elmaogod, E.A. IDDF2024-ABS-0333 Prevalence of dysplasia in the liver tissues
of non-cirrhotic patients with non-alcoholic fatty liver disease (NAFLD). Clin. Hepatol. 2024, 73, A264-A265. [CrossRef]

4.  Eid, R.A.; Attia, D.; Soliman, A.S.; Abd Elmaogod, E.A.; AbdelSalam, E.M.; Rashad, A.M.; Sayed, A.S.A.; Nabil, T.M. Impact of
sleeve gastrectomy on the course of metabolic associated fatty liver disease. Indian J. Gastroenterol. 2025, 1-11. [CrossRef]

5. Lee, YA, Friedman, S.L. Inflammatory and fibrotic mechanisms in NAFLD—Implications for new treatment strategies. J. Intern.
Med. 2022, 291, 11-31. [CrossRef]

6. Duan, Y;; Pan, X;; Luo, J.; Xiao, X.; Li, J.; Bestman, P.L.; Luo, M. Association of inflammatory cytokines with non-alcoholic fatty

liver disease. Front. Immunol. 2022, 13, 880298. [CrossRef] [PubMed]

https://doi.org/10.3390 /metabo16010025


https://www.mdpi.com/article/10.3390/metabo16010025/s1
https://www.mdpi.com/article/10.3390/metabo16010025/s1
https://doi.org/10.3350/cmh.2024.0431
https://www.ncbi.nlm.nih.gov/pubmed/39159948
https://doi.org/10.3390/ph18091279
https://www.ncbi.nlm.nih.gov/pubmed/41011150
https://doi.org/10.1136/gutjnl-2024-IDDF.202
https://doi.org/10.1007/s12664-025-01757-9
https://doi.org/10.1111/joim.13380
https://doi.org/10.3389/fimmu.2022.880298
https://www.ncbi.nlm.nih.gov/pubmed/35603224
https://doi.org/10.3390/metabo16010025

Metabolites 2026, 16, 25 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tylutka, A.; Walas, L.; Zembron-Lacny, A. Level of IL-6, TNF, and IL-13 and age-related diseases: A systematic review and
meta-analysis. Front. Immunol. 2024, 15, 1330386. [CrossRef]

Zhao, J.; Zhou, Q.; Wang, Y.; Xie, F,; Fan, J. Associations between composite systemic inflammation indicators (CAR, CLR, SII,
AISI, SIRI, and CALLY) and metabolic dysfunction-associated fatty liver disease (MAFLD): Evidence from a two-stage study in
China. Front. Immunol. 2025, 16, 1702567. [CrossRef]

Khalifa, A.; Rockey, D.C. The utility of liver biopsy in 2020. Curr. Opin. Gastroenterol. 2020, 36, 184-191. [CrossRef]

Eid, R.A.; Abdel Fattah, A.M.; Haseeb, A.F.; Hamed, A.M.; Shaker, M.A. Percutaneous radiofrequency ablation for stage B1 of
modified Bolondi’s subclassification for intermediate-stage hepatocellular carcinoma. Egypt. Liver ]. 2024, 14, 81. [CrossRef]
Sabry, R.M.; Hamad, O.; Khalil, H.E.; Mohammed, S.I; Eid, R.A.; Hosny, H. The role of multifocal visual evoked potential in
detection of minimal hepatic encephalopathy in patients with compensated liver cirrhosis. BMIC Neurol. 2025, 25, 45. [CrossRef]
Lee, J.; Vali, Y,; Boursier, J.; Spijker, R.; Anstee, Q.M.; Bossuyt, PM.; Zafarmand, M.H. Prognostic accuracy of FIB-4, NAFLD
fibrosis score and APRI for NAFLD-related events: A systematic review. Liver Int. 2021, 41, 261-270. [CrossRef]

Fichez, J.; Mouillot, T.; Vonghia, L.; Costentin, C.; Moreau, C.; Roux, M.; Delamarre, A.; Francque, S.; Zheng, M.H.; Boursier, J.
Non-invasive tests for fibrotic MASH for reducing screen failure in therapeutic trials. JHEP Rep. 2025, 7, 101351. [CrossRef]
Qiu, X; Shen, S.; Jiang, N.; Feng, Y.; Yang, G.; Lu, D. Associations between systemic inflammatory biomarkers and metabolic
dysfunction associated steatotic liver disease: A cross-sectional study of NHANES 2017-2020. BMC Gastroenterol. 2025, 25, 42.
[CrossRef] [PubMed]

Abdelhameed, F; Kite, C.; Lagojda, L.; Dallaway, A.; Chatha, K K.; Chaggar, S.S.; Dalamaga, M.; Kassi, E.; Kyrou, I.; Randeva, H.S.
Non-invasive scores and serum biomarkers for fatty liver in the era of metabolic dysfunction-associated steatotic liver disease
(MASLD): A comprehensive review from NAFLD to MAFLD and MASLD. Curr. Obes. Rep. 2024, 13, 510-531. [CrossRef]
European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines on the management of metabolic
dysfunction-associated steatotic liver disease (MASLD). Obes. Facts 2024, 17, 374—444. [CrossRef] [PubMed]

Abdelkader, N.A.; Fouad, Y.; Shamkh, M.A; Elnabawy, O.M.; Eid, R.A.; Attia, D.; Abdeltawab, D.; Khalil, N.O.; Abdallah, M.;
Abdelhalim, S.M. Prevalence of spontaneous fungal peritonitis in Egyptian cirrhotic patients with ascites. Egypt. Liver ]. 2025,
15, 65. [CrossRef]

Vaira, L.; Armandji, A.; Rosso, C.; Caviglia, G.P.; Marano, M.; Amato, F,; Gjini, K.; Guariglia, M.; Dileo, E.; Goitre, I; et al. The use
of Controlled Attenuation Parameter for the assessment of treatment response in patients with Metabolic Dysfunction-Associated
Steatotic Liver Disease undergoing a lifestyle intervention program. Dig. Liver Dis. 2025, 57, S44. [CrossRef]

Elkholy, M.M.; Eid, R.A. Quantitative motor unit potential analysis and nerve conduction studies for detection of subclinical
peripheral nerve dysfunction in patients with compensated liver cirrhosis. Egypt. J. Neurol. Psychiatry Neurosurg. 2021, 57, 93.
[CrossRef]

Kim, J.; Ito, T; Arai, T.; Atsukawa, M.; Kawanaka, M.; Toyoda, H.; Honda, T.; Yu, M.L.; Yoon, E.L.; Jun, D.W.; et al. Modified FIB-4
index in type 2 diabetes mellitus with steatosis: A non-linear predictive model for advanced hepatic fibrosis. Diagnostics 2024,
14, 2500. [CrossRef]

Boltdys, A.; Boréwka, M.; Buldak, L.; Okopieri, B. Impact of Short-Term Liraglutide Therapy on Non-Invasive Markers of Liver
Fibrosis in Patients with MASLD. Metabolites 2025, 15, 510. [CrossRef]

Sato, S.; Iino, C.; Chinda, D.; Sasada, T.; Tateda, T.; Kaizuka, M.; Nomiya, H.; Igarashi, G.; Sawada, K.; Mikami, T; et al. Effect of
Liver Fibrosis on Oral and Gut Microbiota in the Japanese General Population Determined by Evaluating the FibroScan—Aspartate
Aminotransferase Score. Int. ]. Mol. Sci. 2023, 24, 13470. [CrossRef] [PubMed]

Zisis, M.; Chondrogianni, M.E.; Androutsakos, T.; Rantos, I.; Oikonomou, E.; Chatzigeorgiou, A.; Kassi, E. Linking cardiovascular
disease and metabolic Dysfunction-Associated steatotic liver disease (MASLD): The role of cardiometabolic drugs in MASLD
treatment. Biomolecules 2025, 15, 324. [CrossRef]

Zhou, M; Ly, J.; Chen, X,; Shi, Y.; Chao, G.; Zhang, S. From gut to liver: Exploring the crosstalk between gut-liver axis and
oxidative stress in metabolic dysfunction-associated steatotic liver disease. Ann. Hepatol. 2025, 30, 101777. [CrossRef]
Vachliotis, I.D.; Polyzos, S.A. The Intriguing Roles of Cytokines in Metabolic Dysfunction-Associated Steatotic Liver Disease:
A Narrative Review. Curr. Obes. Rep. 2025, 14, 65. [CrossRef]

Kumar, R.; Prakash, S.; Chhabra, S.; Singla, V.; Madan, K.; Gupta, S.D.; Panda, S.K.; Khanal, S.; Acharya, S.K. Association of
pro-inflammatory cytokines, adipokines & oxidative stress with insulin resistance & non-alcoholic fatty liver disease. Indian ].
Med. Res. 2012, 136, 229-236.

Mogahed, E.A.; Soliman, HM.; Morgan, D.S.; Elaal, HM.; Khattab, R.A.; Eid, R.A.; Hodeib, M. Prevalence of autoimmune
thyroiditis among children with autoimmune hepatitis. Ital. |. Pediatr. 2024, 50, 72. [CrossRef]

Farag, M.H.; Shaaban, M.H.; Abdelkader, H.; Al Fatease, A.; Elgendy, S.O.; Okasha, H.H. Predictors of Complications in
Radiofrequency Ablation for Hepatocellular Carcinoma: A Comprehensive Analysis of 1000 Cases. Medicina 2025, 61, 458.
[CrossRef] [PubMed]

https://doi.org/10.3390 /metabo16010025


https://doi.org/10.3389/fimmu.2024.1330386
https://doi.org/10.3389/fimmu.2025.1702567
https://doi.org/10.1097/MOG.0000000000000621
https://doi.org/10.1186/s43066-024-00388-7
https://doi.org/10.1186/s12883-025-04031-9
https://doi.org/10.1111/liv.14669
https://doi.org/10.1016/j.jhepr.2025.101351
https://doi.org/10.1186/s12876-025-03625-4
https://www.ncbi.nlm.nih.gov/pubmed/39881239
https://doi.org/10.1007/s13679-024-00574-z
https://doi.org/10.1159/000539371
https://www.ncbi.nlm.nih.gov/pubmed/38852583
https://doi.org/10.1186/s43066-025-00470-8
https://doi.org/10.1016/j.dld.2025.01.082
https://doi.org/10.1186/s41983-021-00348-7
https://doi.org/10.3390/diagnostics14222500
https://doi.org/10.3390/metabo15080510
https://doi.org/10.3390/ijms241713470
https://www.ncbi.nlm.nih.gov/pubmed/37686272
https://doi.org/10.3390/biom15030324
https://doi.org/10.1016/j.aohep.2025.101777
https://doi.org/10.1007/s13679-025-00657-5
https://doi.org/10.1186/s13052-024-01639-4
https://doi.org/10.3390/medicina61030458
https://www.ncbi.nlm.nih.gov/pubmed/40142269
https://doi.org/10.3390/metabo16010025

Metabolites 2026, 16, 25 17 of 18

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Gonzélez Hernandez, M.A.; Verschuren, L.; Caspers, M.P.; Morrison, M.C.; Venhorst, J.; van den Berg, ]J.T.; Coornaert, B.;
Hanemaaijer, R.; van Westen, G.J. Identifying patient subgroups in MASLD and MASH-associated fibrosis: Molecular profiles
and implications for drug development. Sci. Rep. 2024, 14, 23362. [CrossRef]

Patel, K.; Asrani, S.K; Fiel, M.L; Levine, D.; Leung, D.H.; Duarte-Rojo, A.; Dranoff, ].A.; Nayfeh, T.; Hasan, B.; Taddei, T.H.;
et al. Accuracy of blood-based biomarkers for staging liver fibrosis in chronic liver disease: A systematic review supporting the
AASLD Practice Guideline. Hepatology 2025, 81, 358-379. [CrossRef] [PubMed]

Vilar-Gomez, E.; Yates, K.P; Kleiner, D.E.; Behling, C.; Cummings, O.W.; Wilson, L.A ; Liang, T.; Jarasvaraparn, C.; Loomba, R.;
Schwimmer, ].B.; et al. Genetic and non-genetic drivers of histological progression and regression in MASLD. ]. Hepatol. 2025;
in press. [CrossRef]

Raverdy, V.; Tavaglione, F.; Chatelain, E.; Lassailly, G.; De Vincentis, A.; Vespasiani-Gentilucci, U.; Qadri, S.E; Caiazzo, R,;
Verkindt, H.; Saponaro, C.; et al. Data-driven cluster analysis identifies distinct types of metabolic dysfunction-associated steatotic
liver disease. Nat. Med. 2024, 30, 3624-3633.

Xia, G.; Xu, Y.; Zhang, C.; Li, M,; Li, H.; Chen, C. High levels of serum hypersensitive C-reactive protein are associated with
non-alcoholic fatty liver disease in non-obese people: A cross-sectional study. Eur. |. Med. Res. 2024, 29, 496. [CrossRef]

Kumar, R.; Porwal, Y.C.; Dev, N.; Kumar, P.; Chakravarthy, S.; Kumawat, A. Association of high-sensitivity C-reactive protein
(hs-CRP) with non-alcoholic fatty liver disease (NAFLD) in Asian Indians: A cross-sectional study. J. Fam. Med. Prim. Care 2020, 9,
390-394.

Verschuren, L.; Mak, A.L.; van Koppen, A,; Ozsezen, S.; Difrancesco, S.; Caspers, M.P; Snabel, ].; van der Meer, D.; van Dijk, A M,;
Rashu, E.B.; et al. Development of a novel non-invasive biomarker panel for hepatic fibrosis in MASLD. Nat. Commun. 2024,
15, 4564. [CrossRef]

Paredes-Turrubiarte, G.; Gonzalez-Chavez, A.; Pérez-Tamayo, R.; Salazar-Vazquez, B.Y.; Herndndez, V.S.; Garibay-Nieto, N.;
Fragoso, ].M.; Escobedo, G. Severity of non-alcoholic fatty liver disease is associated with high systemic levels of tumor necrosis
factor alpha and low serum interleukin 10 in morbidly obese patients. Clin. Exp. Med. 2016, 16, 193-202. [CrossRef] [PubMed]
Musso, G.; Gambino, R.; Durazzo, M.; Biroli, G.; Carello, M.; Faga, E.; Pacini, G.; De Michieli, F.; Rabbione, L.; Premoli, A.;
et al. Adipokines in NASH: Postprandial lipid metabolism as a link between adiponectin and liver disease. Hepatology 2005, 42,
1175-1183. [CrossRef] [PubMed]

Abiru, S.; Migita, K.; Maeda, Y.; Daikoku, M.; Ito, M.; Ohata, K.; Nagaoka, S.; Matsumoto, T.; Takii, Y.; Kusumoto, K; et al. Serum
cytokine and soluble cytokine receptor levels in patients with non-alcoholic steatohepatitis. Liver Int. 2006, 26, 39—-45. [CrossRef]
Mori, T.; Yoshio, S.; Kakazu, E.; Kanto, T. Active role of the immune system in metabolic dysfunction-associated steatotic liver
disease. Gastroenterol. Rep. 2024, 12, goae089.

He, Y,; Chen, Y,; Qian, S.; van Der Merwe, S.; Dhar, D.; Brenner, D.A.; Tacke, F. Immunopathogenic mechanisms and immunoreg-
ulatory therapies in MASLD. Cell. Mol. Immunol. 2025, 22, 1159-1177. [CrossRef]

Sandireddy, R.; Sakthivel, S.; Gupta, P.; Behari, J.; Tripathi, M.; Singh, B.K. Systemic impacts of metabolic dysfunction-associated
steatotic liver disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH) on heart, muscle, and kidney
related diseases. Front. Cell Dev. Biol. 2024, 12, 1433857. [CrossRef]

Park, H.S,; Park, J.Y,; Yu, R. Relationship of obesity and visceral adiposity with serum concentrations of CRP, TNF-« and IL-6.
Diabetes Res. Clin. Pract. 2005, 69, 29-35. [CrossRef] [PubMed]

Ackermann, D.; Jones, |.; Barona, J.; Calle, M.C.; Kim, J.E.; LaPia, B.; Volek, ].S.; McIntosh, M.; Kalynych, C.; Najm, W.; et al. Waist
circumference is positively correlated with markers of inflammation and negatively with adiponectin in women with metabolic
syndrome. Nutr. Res. 2011, 31, 197-204. [CrossRef]

Valmorbida, A.; Longo, G.Z.; Nascimento, G.M.; de Oliveira, L.L.; de Moraes Trindade, E.B. Association between cytokine levels
and anthropometric measurements: A population-based study. Br. J. Nutr. 2023, 129, 1119-1126. [CrossRef]

Bradham, C.A.; Pliimpe, ].; Manns, M.P,; Brenner, D.A.; Trautwein, C.I. TNF-induced liver injury. Am. J. Physiol.-Gastrointest. Liver
Physiol. 1998, 275, G387-G392. [CrossRef]

Vachliotis, I.D.; Polyzos, S.A. The role of tumor necrosis factor-alpha in the pathogenesis and treatment of nonalcoholic fatty liver
disease. Curr. Obes. Rep. 2023, 12, 191-206. [CrossRef]

Sawada, K.; Chung, H.; Softic, S.; Moreno-Fernandez, M.E.; Divanovic, S. The bidirectional immune crosstalk in metabolic
dysfunction-associated steatotic liver disease. Cell Metab. 2023, 35, 1852-1871. [CrossRef]

Steinberg, G.R.; Carpentier, A.C.; Wang, D. MASH: The nexus of metabolism, inflammation, and fibrosis. J. Clin. Investig. 2025,
135, €186420. [CrossRef]

Okoro, E.U. TNFa-induced LDL cholesterol accumulation involve elevated LDLR cell surface levels and SR-B1 downregulation
in human arterial endothelial cells. Int. J. Mol. Sci. 2021, 22, 6236. [CrossRef] [PubMed]

Popa, C.; Netea, M.G.; Van Riel, PL.; Van Der Meer, ].W.; Stalenhoef, A.F. The role of TNF-« in chronic inflammatory conditions,
intermediary metabolism, and cardiovascular risk. J. Lipid Res. 2007, 48, 751-762. [CrossRef] [PubMed]

https://doi.org/10.3390 /metabo16010025


https://doi.org/10.1038/s41598-024-74098-w
https://doi.org/10.1097/HEP.0000000000000842
https://www.ncbi.nlm.nih.gov/pubmed/38489517
https://doi.org/10.1016/j.jhep.2025.09.013
https://doi.org/10.1186/s40001-024-02065-2
https://doi.org/10.1038/s41467-024-48956-0
https://doi.org/10.1007/s10238-015-0347-4
https://www.ncbi.nlm.nih.gov/pubmed/25894568
https://doi.org/10.1002/hep.20896
https://www.ncbi.nlm.nih.gov/pubmed/16231364
https://doi.org/10.1111/j.1478-3231.2005.01191.x
https://doi.org/10.1038/s41423-025-01307-5
https://doi.org/10.3389/fcell.2024.1433857
https://doi.org/10.1016/j.diabres.2004.11.007
https://www.ncbi.nlm.nih.gov/pubmed/15955385
https://doi.org/10.1016/j.nutres.2011.02.004
https://doi.org/10.1017/S0007114522002148
https://doi.org/10.1152/ajpgi.1998.275.3.G387
https://doi.org/10.1007/s13679-023-00519-y
https://doi.org/10.1016/j.cmet.2023.10.009
https://doi.org/10.1172/JCI186420
https://doi.org/10.3390/ijms22126236
https://www.ncbi.nlm.nih.gov/pubmed/34207810
https://doi.org/10.1194/jlr.R600021-JLR200
https://www.ncbi.nlm.nih.gov/pubmed/17202130
https://doi.org/10.3390/metabo16010025

Metabolites 2026, 16, 25 18 of 18

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Bao, X,; Liang, Y.; Chang, H.; Cai, T.; Feng, B.; Gordon, K.; Zhu, Y.; Shi, H.; He, Y.; Xie, L. Targeting proprotein convertase
subtilisin/kexin type 9 (PCSK9): From bench to bedside. Signal Transduct. Target. Ther. 2024, 9, 13. [CrossRef]

Zegeye, M.M.; Nakka, S.S.; Andersson, ].S.; Soderberg, S.; Ljungberg, L.U.; Kumawat, A K; Sirsjo, A. Soluble LDL-receptor is
induced by TNF-« and inhibits hepatocytic clearance of LDL-cholesterol. ]. Mol. Med. 2023, 101, 1615-1626. [CrossRef]

Kwon, I; Choi, N.; Shin, ].H.; Lee, S.; Nam, B.; Kim, T.H. Impact of anti-tumor necrosis factor treatment on lipid profiles in Korean
patients with ankylosing spondylitis. J. Rheum. Dis. 2024, 31, 41-48. [CrossRef]

Nafari, A.; Mohammadifard, N.; Haghighatdoost, F.; Nasirian, S.; Najafian, J.; Sadeghi, M.; Roohafza, H.; Sarrafzadegan, N.
High-sensitivity C-reactive protein and low-density lipoprotein cholesterol association with incident of cardiovascular events:
Isfahan cohort study. BMC Cardiovasc. Disord. 2022, 22, 241. [CrossRef] [PubMed]

Bafei, S.E.; Zhao, X.; Chen, C.; Sun, J.; Zhuang, Q.; Lu, X.; Chen, Y.; Gu, X; Liu, F; Mu, J; et al. Interactive effect of increased high
sensitive C-reactive protein and dyslipidemia on cardiovascular diseases: A 12-year prospective cohort study. Lipids Health Dis.
2023, 22, 95.

Ridker, PM. Targeting residual inflammatory risk: The next frontier for atherosclerosis treatment and prevention. Vasc. Pharmacol.
2023, 153, 107238. [CrossRef]

Ridker, PM.; Moorthy, M.V.; Cook, N.R; Rifai, N.; Lee, LM.; Buring, J.E. Inflammation, cholesterol, lipoprotein (a) and 30-year
cardiovascular outcomes in women. N. Engl. |. Med. 2024, 391, 2087. [CrossRef]

Popa-Fotea, N.M.; Ferdoschi, C.E.; Micheu, M.M. Molecular and cellular mechanisms of inflammation in atherosclerosis. Front.
Cardiovasc. Med. 2023, 10, 1200341. [CrossRef]

Mehta, A.; Blumenthal, R.S.; Gluckman, T.J.; Feldman, D.I.; Kohli, P. High-sensitivity C-reactive Protein in Atherosclerotic
Cardiovascular Disease: To Measure or Not to Measure? US Cardiol. Rev. 2025, 19, e06. [CrossRef] [PubMed]

Yassin, A.; Eid, R.A.; Mohammad, M.E,; Elgendy, M.O.; Mohammed, Z.; Abdelrahim, M.E.; Abdel Hamied, A.M.; Binsuwaidan,
R.; Saleh, A.; Hussein, M.; et al. Microbial Multidrug-Resistant Organism (MDRO) Mapping of Intensive Care Unit Infections.
Medicina 2025, 61, 1220. [CrossRef]

Elsabaawy, M.; Torkey, M.; Magdy, M.; Naguib, M. Stratified cardiovascular risk in patients with metabolic dysfunction-associated
steatotic liver disease (MASLD): Impact of varying metabolic risk factor burden. Eur. J. Med. Res. 2025, 30, 847. [CrossRef]
Dakal, T.C.; Xiao, F; Bhusal, C.K,; Sabapathy, P.C.; Segal, R.; Chen, ].; Bai, X. Lipids dysregulation in diseases: Core concepts,
targets and treatment strategies. Lipids Health Dis. 2025, 24, 61. [CrossRef] [PubMed]

Wang, W.; Gao, X.; Niu, W.; Yin, J.; He, K. Targeting Metabolism: Innovative Therapies for MASLD Unveiled. Int. . Mol. Sci. 2025,
26,4077. [CrossRef]

Targher, G.; Byrne, C.D,; Tilg, H. MASLD: A systemic metabolic disorder with cardiovascular and malignant complications. Gut
2024, 73, 691-702. [CrossRef]

Byrne, C.D.; Armandi, A,; Pellegrinelli, V.; Vidal-Puig, A.; Bugianesi, E. Metabolic dysfunction-associated steatotic liver disease:
A condition of heterogeneous metabolic risk factors, mechanisms and comorbidities requiring holistic treatment. Nat. Rev.
Gastroenterol. Hepatol. 2025, 22, 314-328. [CrossRef]

Zibaeenejad, F.; Mohammadji, S.S.; Sayadi, M.; Safari, F.; Zibaeenezhad, M.]. Ten-year atherosclerosis cardiovascular disease
(ASCVD,) risk score and its components among an Iranian population: A cohort-based cross-sectional study. BMC Cardiovasc.
Disord. 2022, 22, 162. [CrossRef]

Adinolfi, L.E.; Marrone, A.; Rinaldi, L.; Nevola, R.; Izzi, A.; Sasso, F.C. Metabolic dysfunction-associated steatotic liver disease
(MASLD): A systemic disease with a variable natural history and challenging management. Explor. Med. 2025, 6, 100128]1.
[CrossRef]

Wang, M.W,; Lu, L.G. Current Status of Glucagon-like Peptide-1 Receptor Agonists in Metabolic Dysfunction-associated Steatotic
Liver Disease: A Clinical Perspective. J. Clin. Transl. Hepatol. 2024, 13, 47. [CrossRef] [PubMed]

Sanyal, A.J.; Bedossa, P; Fraessdorf, M.; Neff, G.W.; Lawitz, E.; Bugianesi, E.; Anstee, Q.M.; Hussain, S.A.; Newsome, P.N.; Ratziu,
V.; et al. A phase 2 randomized trial of survodutide in MASH and fibrosis. N. Engl. J. Med. 2024, 391, 311-319. [CrossRef]
Xiang, L.; Wang, G.; Zhuang, Y.; Luo, L.; Yan, J.; Zhang, H.; Li, X,; Xie, C.; He, Q.; Peng, Y,; et al. Safety and efficacy of
GLP-1/FGF21 dual agonist HEC88473 in MASLD and T2DM: A randomized, double-blind, placebo-controlled study. J. Hepatol.
2025, 82, 967-978. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /metabo16010025


https://doi.org/10.1038/s41392-023-01690-3
https://doi.org/10.1007/s00109-023-02379-4
https://doi.org/10.4078/jrd.2023.0040
https://doi.org/10.1186/s12872-022-02663-0
https://www.ncbi.nlm.nih.gov/pubmed/35614388
https://doi.org/10.1016/j.vph.2023.107238
https://doi.org/10.1056/NEJMoa2405182
https://doi.org/10.3389/fcvm.2023.1200341
https://doi.org/10.15420/usc.2024.25
https://www.ncbi.nlm.nih.gov/pubmed/40171210
https://doi.org/10.3390/medicina61071220
https://doi.org/10.1186/s40001-025-03151-9
https://doi.org/10.1186/s12944-024-02425-1
https://www.ncbi.nlm.nih.gov/pubmed/39984909
https://doi.org/10.3390/ijms26094077
https://doi.org/10.1136/gutjnl-2023-330595
https://doi.org/10.1038/s41575-025-01045-z
https://doi.org/10.1186/s12872-022-02601-0
https://doi.org/10.37349/emed.2025.1001281
https://doi.org/10.14218/JCTH.2024.00271
https://www.ncbi.nlm.nih.gov/pubmed/39801787
https://doi.org/10.1056/NEJMoa2401755
https://doi.org/10.1016/j.jhep.2024.12.006
https://www.ncbi.nlm.nih.gov/pubmed/39709140
https://doi.org/10.3390/metabo16010025

	Introduction 
	Materials and Methods 
	Research Framework and Ethics Protocol 
	Participant Eligibility Criteria 
	Clinical and Anthropometric Evaluation 
	Laboratory Investigations 
	Blood Sample Collection and Processing 
	Routine Biochemical Parameters 
	Inflammatory Marker Quantification 

	Hepatic Steatosis and Fibrosis Assessment 
	Abdominal Ultrasonography 
	Transient Elastography (FibroScan®) 

	Non-Invasive Fibrosis Score Calculations: Multiple Validated Non-Invasive Scoring Systems Were Calculated for Each Patient 
	Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics 
	Assessment of MASLD Severity Using Non-Invasive Parameters 
	Inflammatory Marker Profiles in MASLD Patients 
	Relationship Between IL-6 and Hepatic Fibrosis Severity 
	Relationship Between hsCRP and Hepatic Fibrosis Severity 
	Relationship Between TNF- and Hepatic Fibrosis Severity 
	Comprehensive Summary of Inflammatory Markers and Fibrosis Severity 
	Correlations Between Inflammatory Markers and Metabolic Parameters 
	Metabolic and Multivariate Associations 

	Discussion 
	Conclusions 
	References

