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Background: Metabolic dysfunction associated steatotic liver disease (MASLD) is a progressive condition that may lead to fibrosis, cirrhosis, 

and hepatocellular carcinoma. This requires early identification of steatosis and fibrosis, which is best achieved with non-invasive measures 

such as FibroScan; however, liver biopsy is an invasive procedure that is not available in resource-limited settings. These difficulties suggest 

the necessity of low-cost, effective serum biomarkers. This paper compares serum adiponectin and TNF-α levels to evaluate fibrosis in MASLD 

patients from diverse population groups with varying socioeconomic and resource status. Results: Among the 113 patients with MASLD, male 

predominance was substantial (χ2 = 24.03, p = 1.61e-06).  Liver metrics had sex-specific variations.  Whereas females had more platelets (p = 

0.048), males had higher ALT (alanine aminotransferase) than females (p = 0.001). There were no significant sex-based differences in the value 

of aspartate aminotransferase (AST) and fasting blood sugar (FBS). Fibrosis was predominantly distributed at early stages, with 43.4% of 

Fibrosis-Stage (F) 1 and 34.5% F2. Serum TNF-α levels increased progressively with fibrosis severity (F1: 7.91 ± 11.7 ng/mL to F4: 97.8 ± 

39.1 ng/mL), whereas adiponectin levels decreased (F1: 5.99 ± 1.37 µg/mL to F4: 1.51 ± 0.16 µg/mL). TNF-α showed a positive correlation 

with LSM (ρ = 0.663, p = 9.999e-14), while adiponectin exhibited a strong negative correlation (ρ = -0.845, p = 5.83e-32). According to ROC 

evaluation (AUC = 0.971; threshold = less than 3.055 µg/mL; sensitivity = 95.8%, specificity = 95.9 proved to be impressive), adiponectin 

showed an impressive diagnostic value in distinguishing between mild (F1-F2) and severe (F3-F4) fibrosis.  TNF-alpha was mediocre (AUC = 

0.717) compared to AST, which has poor accuracy (AUC = 0.649). Conclusion: Non-invasive serum adiponectin and TNF-alpha levels are 

useful for assessing fibrosis severity in MASLD. TNF-α is the pro-inflammatory side of the fibrosis progression and augments the diagnostic 

accuracy of adiponectin. These indicators could help reduce invasive procedures by enabling early identification, risk assessment, and non-

invasive monitoring of hepatic fibrosis. 
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INTRODUCTION 
 

Metabolic dysfunction associated steatotic liver disease 

(MASLD), previously known as non-alcoholic fatty liver 

disease (NAFLD), is the most common cause of chronic liver 

disease worldwide and affects about 25% of people globally 
[1] It is the primary contributor to hepatocellular carcinoma 

(HCC) and cirrhosis. It has contributed to liver-related 

mortality, making it one of the most rapidly growing 

indicators of liver transplantation across the world.[2] There 

are differences in diet, lifestyle, genetic susceptibility, and 

socioeconomic status that manifest as the prevalence of 

MASLD varies by region, ranging from 13.5% in Africa to 

31.8% in the Middle East.  The condition mainly affects 

individuals with type 2 diabetes (T2DM) (47.3–63.7%) and 

obesity (up to 80%), with a male-to-female ratio of 

approximately 9:1.[3] 

Numerous conditions, such as cirrhosis, progressive fibrosis, 

non-alcoholic steatohepatitis (NASH), and simple steatosis, 

are associated with Metabolic dysfunction associated 

steatotic liver disease (MASLD).[4] Its natural history varies; 

according to biopsy investigations, 29% of patients experience 

regression, 34% experience stability, and 37% experience 

fibrosis advancement. The course of the disease is similar to that 

of cirrhosis from other causes once it manifests.[5] Among the 

many pathogenic drivers, obesity plays a central role by altering 

the adipokine milieu. Adipose tissue, beyond its role as an energy 

reservoir, functions as an endocrine organ that secretes bioactive 

peptides known as adipocytokines. These molecules exert either 

pro-inflammatory actions (e.g., leptin, TNF-α, interleukin-6 [IL-

6]) or anti-inflammatory, anti-steatotic effects (e.g., adiponectin). 
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Dysregulation of these adipocytokines promotes insulin 

resistance, inflammation, and hepatic injury.[5] 

Adiponectin, an adipocyte complement-related protein of 30 

kDa (ACRP30), is encoded by the apM1 gene. It shares 

structural homology with collagen and complements C1q, 

and its molecular structure resembles TNF-α, although their 

effects are functionally antagonistic.[6] Adiponectin exerts 

anti-inflammatory, anti-diabetic, and anti-obesity effects, 

partly by suppressing TNF-α activity.[7] In divergence, TNF-

α, a key pro-inflammatory cytokine in MASLD 

pathogenesis, is secreted by Kupffer cells, infiltrating 

immune cells, and dysfunctional visceral adipose tissue. 

TNF-α signals through TNFR1 and TNFR2, activating the 

JNK and NF-κB pathways, thereby promoting inflammation, 

hepatocyte injury, and fibrogenesis.[8] 

Liver fibrosis, a common consequence of chronic liver 

injury, is characterized by excessive extracellular matrix 

(ECM) deposition and structural distortion of the liver, 

ultimately progressing to cirrhosis, liver failure, or HCC.[9] 

In MASLD, fibrosis progression is driven by multiple 

mechanisms, including insulin resistance, oxidative stress, 

gut dysbiosis, and adipocytokine imbalance.[10] The primary 

process in fibrogenesis is the activation of hepatic stellate 

cells (HSCs), which is triggered by signals from Kupffer 

cells, free fatty acids, cytokines, and adipokines like TNF-α 

and adiponectin.[11,12] 

There is a pressing need for trustworthy, non-invasive 

biomarkers to evaluate fibrosis because of the rapidly rising 

incidence of MASLD and the drawbacks of liver biopsy as 

an invasive and expensive technique.  As opposing arms of 

the inflammatory axis, adiponectin and TNF-α are important 

in the pathophysiology of disease and could be easily 

obtained serum-based biomarkers.  Nevertheless, there is still 

little and conflicting data on their combined association with 

fibrosis severity, especially across diverse communities like 

those in Jorhat, Assam.  To identify easy, affordable, and 

patient-friendly non-invasive markers that can help with 

early detection and risk stratification, this study will assess 

the relationship between serum adiponectin and TNF-α 

levels and the degree of hepatic fibrosis in patients with 

MASLD. 

 

MATERIALS AND METHODS 

Study Design and Setting: This hospital-based cross-

sectional study was conducted at the Department of 

Biochemistry in collaboration with the Department of 

General Medicine and the Multidisciplinary Research Unit 

(MRU), Jorhat Medical College and Hospital (JMCH), 

Assam, between December 2023 and November 2024. 

Ethical clearance was obtained from the Institutional Ethics 

Committee (Human), and written informed consent was 

obtained from all participants before enrolment. 

Study Population and Sample Size: Consecutive sampling 

was used to recruit 113 patients aged 18 to 50 with elevated 

C-reactive protein (CRP) levels and ultrasonographically 

confirmed MASLD. Cochran's formula was used to 

determine the sample size, assuming a 95% confidence level, 

an 8% margin of error, and a 25% disease prevalence (13,14). 

Included were patients who had an ultrasound diagnosis of 

MASLD. People with chronic viral hepatitis, drug-induced liver 

injury, chronic renal failure, ischaemic heart disease, cancer, 

pregnancy, and substantial alcohol consumption (>140 g/week 

for men and >70 g/week for women) (15) were not included. 

Additionally, patients on platelet-modifying or lipid-lowering 

drugs were not included. 

Fibrosis Assessment by Elastography: S-Shearwave 

elastography was used in transient elastography (FibroScan; 

Samsung RS80A with Prestige) to measure liver stiffness (LSM), 

which is expressed in kilopascals (kPa). Each patient had 10 valid 

measurements, and the median was considered indicative of the 

patient's degree of fibrosis.[16] 

Clinical and Biochemical Assessment: Biochemical tests and a 

thorough clinical evaluation were performed on each participant. 

Aseptic procedures were followed during the collection of 5 mL 

of fasting venous blood. Sodium fluoride vials were used to 

estimate fasting blood sugar (FBS), EDTA vials were used to 

determine platelet counts, and plain vials were used for liver 

function tests and cytokine assays. Blood was then transferred 

into the proper collection tubes. Serum was separated by 

centrifugation and stored at -80°C until analysis. FBS was 

estimated using the glucose oxidase-peroxidase method, while 

serum AST and ALT were determined using the enzymatic rate 

method on a Vitros 5600 Biochemistry Analyzer (Ortho Clinical 

Diagnostics, USA). Platelet counts were measured using a 

Sysmex XN-350 haematology analyser (Transasia Biomedical 

Ltd., India). All biochemical analyses were performed under 

strict internal quality control using two levels of control materials 

analyzed daily, and results were accepted only when control 

values fell within the manufacturer-specified range. 

The degree of hepatic fibrosis was estimated non-invasively 

using the FIB-4 index, a validated biomarker-based scoring 

system. A FIB-4 score < 1.30 indicated no or minimal fibrosis 

(F0–F1), whereas a score > 2.67 suggested advanced fibrosis (≥ 

F3). Intermediate values (1.30–2.67) were considered 

indeterminate and required additional evaluation.[17] 

Estimation of Serum TNF-α and Adiponectin: Serum TNF-α 

and adiponectin concentrations were quantified in duplicate 

using commercial sandwich enzyme-linked immunosorbent 

assay (ELISA) kits (ABclonal, Wuhan, China) according to the 

manufacturer’s protocol. ELISA assays were performed using an 

Ebra Mannheim ELISA reader and quantified at 450 nm with a 

LisaScan EM Microplate Reader (Erba Mannheim, India). 

Concentrations were calculated using a four-parameter logistic 

regression curve.[18] 

Statistical Analysis: Statistical analyses were conducted using 

R software (v.4.5.1, R Foundation for Statistical Computing, 

Vienna, Austria) in RStudio (v.2025.05.1). Continuous variables 

were presented as mean ± standard deviation (SD) or median 

with interquartile range (IQR), depending on data distribution, 

which was assessed using the Shapiro-Wilk test. Comparisons 

between males and females were performed using the Mann-

Whitney U test (Wilcoxon rank-sum test), with the U statistic, p-

value, and rank-biserial correlation reported. Categorical 

variables were expressed as percentages and compared using the 

Chi-square test. The Kruskal-Wallis rank-sum test was 

considered to compare several groups of people with different 

stages of fibrosis (F1-F4). The Relationship between continuous 
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variables, including serum TNF-α, adiponectin, AST, and 

FibroScan results, was evaluated using Spearman's rank 

correlation; p-values < 0.05 were considered statistically 

significant. 

Receiver Operating Characteristic (ROC) Curve 

Analysis: 

To determine the diagnostic value of serum biomarkers in 

mild (F1-F2) and severe fibrotic (F3-F4), the ROC curve 

analysis was conducted. The pROC package of R was used 

to produce ROC curves, and the area under the curve (AUC) 

was obtained to quantify the discriminative ability of a given 

biomarker. Interpretation of AUC was done in reference to 

classical thresholds of 0.90 excellent, 0.80-0.89 good, 0.70-

0.79 fair, 0.60-0.69 poor, and below 0.60 failed to measure 

(19). The ggplot2 was used to plot ROCs, each curve of 

which was annotated with its AUC. The Youden index was 

used to check the most suitable cutoffs (maximizing). The 

sum of sensitivity and specificity provides clinically relevant 

thresholds for risk stratification in MASLD patients. 

 

RESULTS 

Participant Characteristics 

A male-to-female ratio of 2.65:1 was observed among 113 

patients with Metabolic dysfunction associated steatotic liver 

disease (MASLD), with 82 males (72.6%) and 31 females 

(27.4%). This clearly shows a male predominance. Chi-square 

analysis confirmed that this gender distribution was statistically 

significant (χ² = 24.03, p = 1.61e-06) [Figure 1]. The mean age 

of the cohort was 41.50 ± 7.49 years, ranging from 18 to 50 years, 

with a median of 42 years. Females had a slightly higher mean 

age (43.32 ± 7.25 years) than males (40.80 ± 7.50 years), 

although the difference was not statistically significant. 

 

 
Figure 1: Gender distribution of MASLD patients (n = 113) showing 

male predominance. Chi-square analysis indicates a statistically 

significant difference (χ² = 24.03, p =1.61e-06). 
 

Biochemical and Hematological Parameters 

Table 1: Baseline biochemical and hematological parameters of MASLD patients 

Parameter Mean ± SD Range Median 

AST (U/L) 52.13 ± 60.28 13 - 450 36.0 

ALT (U/L) 56.15 ± 55.99 9 - 405 42.0 

Platelet (×10³/μL) 155.43 ± 62.19 55 - 389 147.0 

FBS (mg/dL) 114.10 ± 41.64 61 - 269 98.0 

 

The overall biochemical and hematological profile is 

summarized in Table 1. Mean serum AST and ALT levels 

were 52.13 ± 60.28 U/L and 56.15 ± 55.99 U/L, respectively. 

Platelet counts ranged from 55–389 ×10³/μL (mean = 155.43 

± 62.19 ×10³/μL), and FBS ranged from 61-269 mg/dL 

(mean = 114.10 ± 41.64 mg/dL), reflecting a heterogeneous 

metabolic profile among participants. 

Gender-Based Comparison of Clinical Parameters 

 
Figure 2: Comparison of biochemical and hematological 

parameters between male and female participants. Bars 

represent mean ± SD, with p-values from the Mann-Whitney U 

test indicated above each comparison. (A) AST, aspartate 

aminotransferase; (B) ALT, alanine aminotransferase; (C) 

Platelet count (×10³/μL); (D) FBS, fasting blood sugar (mg/dL). 

Fibrosis Assessment 

 
Figure 3: FibroScan categories and liver stiffness measurements 

across fibrosis stages. (A) The boxplots illustrate the 

distribution of Fibroscan (kPa) measurements across fibrosis 

stages F1-F4, showing the median, interquartile range (IQR), 

and potential outliers for each stage. 

 

Comparisons between males and females revealed sex-

specific differences [Figure 2]. AST levels were slightly 

higher in males (54.95 ± 63.52 U/L) than in females (44.16 ± 

49.12 U/L), but the difference was not significant (U = 990, 

p = 0.071). ALT levels were significantly higher in males 

(62.83 ± 61.73 U/L) than in females (38.48 ± 31.16 U/L; U = 
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770, p = 0.001), indicating sex-dependent variation in liver 

enzyme activity. Platelet counts were higher in females 

(167.68 ± 63.80 ×10³/μL) than in males (150.52 ± 61.05 

×10³/μL, U = 1579, p = 0.048). FBS levels were comparable 

between sexes (p = 0.812). Overall, ALT and platelet counts 

showed significant sex-specific differences, whereas AST 

and FBS did not differ significantly between males and 

females. 

The mean FIB-4 index was 2.20 ± 1.85 (range: 0.447-

11.172). Based on established cutoffs, 39 patients (34.5%) 

were low risk (<1.30), 45 (39.8%) intermediate risk (1.30-

2.67), and 29 (25.7%) high risk (>2.67). Fibrosis staging 

indicated that most participants were in F1 (43.4%), followed 

by F2 (34.5%), F3 (17.7%), and F4 (4.4%), suggesting 

predominance of early to moderate fibrosis. Liver stiffness 

measurements (LSM) increased progressively with fibrosis 

stage, ranging from 5.74 to 29.8 kPa (mean = 8.46 ± 2.65 

kPa; median = 7.79 kPa), with no significant sex-related 

differences (p = 0.131). Mean age also increased with fibrosis 

severity, from 41.29 ± 7.75 years in F1 to 44.4 ± 5.13 years 

in F4, indicating that advanced fibrosis was more common in 

slightly older individuals. Kruskal-Wallis analysis confirmed 

significant differences in LSM across fibrosis stages (χ² = 

85.66, df = 3, p< 2.2e-16) [Figure 3]. 

 

 
Figure 4. Liver function and metabolic parameters across 

fibrosis stages (F1-F4).  

 

Boxplots depict (A) AST (U/L), (B) ALT (U/L), (C) platelet 

count (PLT, 10 3 / uL), and (D) fasting blood sugar (FBS, 

mg/dL) at various stages of fibrosis. Each point represents an 

individual patient. The interquartile range with median is 

marked by boxes, and the minimum and maximum values are 

marked together by a single box. The Kruskal-Wallis test was 

used to assess differences between the stages, and the p-

values were reported in the text for each plot. 

AST levels increased progressively from F1 (45.71 ± 48.57 

U/L) to F3 (63.35 ± 52.62 U/L), followed by a slight decline 

in F4 (60.8 ± 23.04 U/L) (p = 0.049) (Figure 4A). The same 

trends were observed with respect to the ALT levels, though 

not significantly different (p = 0.273) (Figure 4B). Although 

FBS remained relatively unchanged across the stages (p = 

0.840) (Figure 4D), the number of platelets steadily declined 

during F1 to F4 (165.94 x10 3/ul to 129 x10 3/ul, 

respectively) (Figure 4C). The findings lead to rising fibrosis, 

progressive liver damage, and metabolic dysregulation. 

 
Figure 5. Stage-wise distribution of serum (A) TNF-α and (B) 

adiponectin levels across fibrosis stages F1-F4. In boxplots, the 

median and the interquartile range (IQR) are displayed; the 

whiskers stretch up to 1.5X IQR, and the points that lie outside 

this are drawn as outliers. The Kruskal-Wallis test was used to 

evaluate differences between stages, and p-values are indicated 

above each plot. 

 

Serum TNF-α concentrations increased progressively with 

fibrosis stage, from 7.91 ± 11.7 ng/mL in F1 to 97.8 ± 39.1 

ng/mL in F4 (p = 1.1e-06) (Figure 5A). On the other hand, 

adiponectin levels declined with increasing fibrosis, from 

5.99 +/- 1.37 µg/mL in F1 to 1.51 +/- 0.16 µg/mL in F4 

(p=2.2e-16), indicating that adiponectin and fibrosis severity 

have a very strong negative relationship. 

 

 
Figure 6: Correlation of serum TNF-α and adiponectin levels 

with FibroScan liver stiffness (LSM, kPa) across fibrosis stages. 

A-D: Stage-specific scatter plots illustrating the Spearman 

correlation between serum TNF-α levels and LSM in fibrosis 

stages F1-F4. Strong positive correlations were observed in 

early stages (F1: ρ = 0.879, p = 8.79e-14; F2: ρ = 0.641, p = 4.43e-

05), a moderate correlation in F3 (ρ = 0.488, p = 0.034), and no 

significant correlation in F4 (ρ = 0.700, p = 0.233).  E: Overall 

TNF-α levels correlation across all stages shows a significant 

positive association (ρ = 0.663, p = 9.998e-14). The shaded region 

represents the 95% confidence interval. F-I: Stage-specific 

scatter plots showing the negative correlation between serum 

adiponectin and LSM in stages F1-F4. Weak to moderate 

negative correlations were observed in F1-F3 (F1: ρ = -0.321, p 

= 0.024; F2: ρ = -0.328, p = 0.042; F3: ρ = -0.506, p = 0.023), with 

no significant correlation in F4 (ρ = -0.7, p = 0.233). J: 

Combined adiponectin levels analysis, across all stages 

demonstrates a strong negative correlation (ρ = -0.845, p= 5.83e-

32). Shaded areas indicate 95% confidence intervals. 
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Correlation of Biomarkers with Liver Stiffness: Spearman 

correlation revealed a significant positive correlation 

between TNF-α and LSM (ρ = 0.663, p= 9.998e-14), 

strongest in early fibrosis (F1: ρ = 0.879, p = 8.79e-14; F2: ρ 

= 0.641, p = 4.43e-05). Correlation weakened in F3 (ρ = 

0.488, p = 0.034) and F4 (ρ = 0.700, p = 0.233) due to small 

sample size (Figure 6A-E). On the other hand, LSM showed 

a pronounced negative relationship with adiponectin at all 

stages (ρ= -0.845, p = 5.83e-32), and in early stages and in 

high-variability F4 (Figure 6F-J). The levels of AST were 

slightly positively correlated with LSM (r = 0.252, p = 

0.012), with higher levels as fibrosis progressed. 

Receiver Operating Characteristic (ROC) Curve 

Analysis 

The ROC analysis revealed that adiponectin was a strong 

discriminator, distinguishing mild (F1-F2) from severe 

fibrosis (F3-F4) with an optimal cutoff of <3.055 µg/mL, 

yielding 95.8% sensitivity and 95.9% specificity (Table 2, 

Figure 7). TNF-α showed good specificity (93.2%) and poor 

sensitivity (45.8%), yielding moderate diagnostic 

performance (AUC = 0.717), whereas AST showed poor to 

fair diagnostic performance (AUC = 0.649). These findings 

indicate that adiponectin is a potent independent biomarker, 

and TNF-alpha can serve as a supplementary biomarker 

indicative of an inflammatory process. Coupled 

measurement of biomarkers could enhance early diagnosis 

and risk stratification of fibrosis in MASLD. 

 

 
Figure 7: Receiver Operating Characteristic (ROC) curves 

depicting the diagnostic performance of serum adiponectin, 

TNF-α, and AST levels in differentiating mild (F1-F2) and 

severe (F3-F4) stages of hepatic fibrosis in patients with 

MASLD.  

 

Table 2: Optimal cutoff values, sensitivity, and specificity of serum biomarkers for differentiating mild and severe fibrosis in MASLD 

patients. 

Biomarker Cutoff Value Sensitivity Specificity AUC Value Diagnostic value 

Adiponectin (µg/mL) ≤ 3.055 95.8% 95.9% 0.971 Strong predictor of fibrosis severity 

TNF-α (ng/mL) ≥ 27.259 45.8% 93.2% 0.717 Supportive marker; not strong alone 

AST (U/L) ≥ 53.5 50.0% 82.4% 0.649 Poor 

 

Color-coded red, green, and blue marks adiponectin, TNF- 

alpha, and AST, respectively. The diagonal line is dashed; it 

shows the reference line (AUC = 0.5), indicating no 

discrimination. The relative diagnostic accuracy of each 

biomarker is annotated on the curves with AUC values. 

 

DISCUSSION 

One of the global medical issues is Metabolic dysfunction 

associated steatotic liver disease (MASLD), including both 

simple steatosis and non-alcoholic steatohepatitis (NASH) 

that may follow the path of cirrhosis and hepatocellular 

carcinoma.[20] The prevalence of MASLD has risen over 

time, from 26 percent in research conducted before 2005 to 

38 percent in research conducted after 2016.[21] This is in line 

with the rising rates of type 2 diabetes and obesity, two 

significant risk factors for the disease's progression.[22] 

The current study clearly demonstrated a male 

predominance, with 72.6% of participants being men and a 

male-to-female ratio of 2.65:1.  This finding is consistent 

with previous studies that found a higher incidence of 

MASLD in men, most likely as a result of increased visceral 

fat accumulation and de novo lipogenesis (20, 23, 24).  The 

average age of the participants was 41.5 ± 7.49 years, with 

females having a slightly higher mean age than males.  This 

is in line with global trends that show MASLD is more 

prevalent in younger men but is increasing in older 

women.[25,26] 

Liver damage is frequently evaluated using biochemical 

indicators, such as aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT).[27,28] Males had higher mean ALT and 

AST levels than females in our cohort.  While ALT showed 

inconsistent trends across stages, AST levels gradually increased 

with fibrosis stage, peaking at F3.  These results corroborate 

earlier findings that transaminases reflect hepatocellular injury, 

but their reliability as stand-alone markers is limited, as they do 

not consistently correlate with fibrosis severity.[29–31] 

Fibrosis risk was non-invasively stratified using the Fibrosis-4 

(FIB-4) index, which included age, ALT, AST, and platelet 

counts.  25.7% of individuals were high risk, 39.8% were 

intermediate risk, and 34.5% were low risk.  This distribution 

emphasizes the usefulness of FIB-4 for identifying individuals 

who may need further testing, such as elastography or biopsy, to 

accurately stage fibrosis.[32] These results were supported by 

FibroScan's liver stiffness measurement (LSM), which showed a 

progressive increase with increasing fibrosis severity.  In line 

with worldwide findings that early fibrosis predominates in 

MASLD populations, the majority of patients were in stage F1, 

with a lesser percentage in advanced stages (F3–F4).[33,34] 

In this investigation, the anti-inflammatory and insulin-

sensitizing adipokine adiponectin demonstrated a strong inverse 

correlation with the degree of fibrosis.  The consistent drop in 

serum levels from F1 to F4 and the strong negative correlation 
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between all stages suggest that hypoadiponectinemia may 

play a role in the development of fibrosis.  These results are 

in line with previous studies that connected reduced 

adiponectin to increased necroinflammation and fibrogenesis 

in MASLD.[35–37] Conversely, the pro-inflammatory cytokine 

TNF-α increased as fibrosis progressed, showing a 

significant positive correlation in early fibrosis (F1-F2) that 

decreased in F3 and F4.  This pattern suggests a major role 

for TNF-α in the onset and early progression of fibrosis, 

consistent with other research linking TNF-α to hepatic 

inflammation and stellate cell activation.[38-40] Their 

opposing tendencies highlight the hepatoprotective effect of 

adiponectin and TNF-α's fibrogenesis-promoting role in the 

pathogenesis of MASLD. 

Receiver operating characteristic (ROC) analysis revealed 

that adiponectin is a dependable non-invasive biomarker for 

distinguishing between mild (F1-F2) and severe (F3-F4) 

fibrosis, with an AUC of 0.971.  The optimal cutoff of 3.055 

µg/mL produced excellent sensitivity (95.8%) and specificity 

(95.9%).  TNF-α's potential as a supplementary marker was 

highlighted by its intermediate diagnostic performance 

(AUC = 0.717), good specificity (93.2%), and low sensitivity 

(45.8%).  In contrast, AST showed low discriminatory 

capacity (AUC = 0.649), consistent with prior research 

indicating that it has poor predictive value for fibrosis in 

MASLD (41,42).  These results highlight the potential 

benefits of integrating TNF-α and adiponectin measures for 

non-invasive fibrosis assessment and risk categorization. 

Limitations 

Limitations of the study include its cross-sectional design, 

small sample size, and absence of longitudinal follow-up.  To 

validate and improve non-invasive fibrosis assessment, 

future research should include larger, multicenter cohorts, 

longitudinal evaluations, and the integration of new 

biomarkers with liver histology.  Translation into routine 

clinical practice will be facilitated by establishing 

standardized cutoff values and investigating the molecular 

mechanisms underlying TNF-α and adiponectin in the 

progression of fibrosis. 

 

CONCLUSION 

All things considered, our data show that MASLD is more 

common in middle-aged males in our group and is associated 

with metabolic changes, including decreased platelet counts 

and elevated liver enzymes.  While TNF-α reflects the 

inflammatory milieu associated with disease development, 

adiponectin shows great promise as a biomarker for the non-

invasive diagnosis of progressive fibrosis.  By incorporating 

these indicators into clinical practice, it may be possible to 

enhance early detection, lessen the need for invasive 

procedures, and enable individualised therapy plans. 
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