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Objective

This study investigates the link between inflammatory markers and liver fibrosis in type 2 diabetes mellitus (T2DM) patients with metabolic dysfunction-associated fatty liver disease (MAFLD).





Methods

From Oct 2020 to Oct 2024, 769 hospitalized T2DM patients were studied. They were split into Control (n=389) and Experimental groups (T2DM with MAFLD, n=380). The Experimental group was further divided based on FIB-4 scores into non-fibrosis (FIB-4< 1.3, n=267), suspected fibrosis (1.3 ≤ FIB-4 ≤ 2.67, n=99), and advanced fibrosis (FIB-4 > 2.67, n=14). Logistic regression identified factors affecting liver fibrosis, while ROC analysis assessed the predictive value of NLR, SIRI, PLR, and PHR for liver fibrosis in T2DM-MAFLD patients.





Results

The Experimental group showed higher BMI, FPG, TG, TC, LDL-C, ALT, AST, ALB, GGT, and SUA, but lower age, diabetes duration, MPV, and HDL-C (P< 0.05). Compared to non-fibrosis, suspected fibrosis had higher age, diabetes duration, MPV, AST, and NLR, and lower LY, PLR, PHR. Advanced fibrosis featured higher age, AST, NLR, FPG, HbA1c, SIRI, and lower LY, RBC, LDL-C, PLR, PHR, Hb, PLT, and ALB (P< 0.05). Logistic regression identified NLR, SIRI, PLR, and PHR as significant factors for liver fibrosis. ROC analysis showed AUCs of 0.712 (NLR), 0.757 (SIRI), 0.703 (PLR), and 0.806 (PHR) with sensitivities and specificities varying among markers. Optimal cut-offs were 1.573 (NLR), 1.465 (SIRI), 110.819 (PLR), and 185.379 (PHR).





Conclusions

NLR, SIRI, PLR, and PHR significantly influence liver fibrosis in T2DM patients with MAFLD, aiding in its diagnosis and management.
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1 Introduction

The liver is a central organ responsible for regulating metabolic homeostasis in the body. As such, it plays a pivotal role in maintaining glucose, lipid, and protein balance. Among various liver conditions, metabolic dysfunction-associated fatty liver disease (MAFLD) is emerging as a global health concern. The term “non-alcoholic fatty liver disease” (NAFLD) was officially redefined as MAFLD in 2020 to reflect a broader understanding of its pathophysiology, which includes metabolic disturbances beyond just fat accumulation in the liver (1). This reclassification was accompanied by the release of international expert consensus statements and updated diagnostic criteria, which provide a more accurate framework for the identification and management of MAFLD (2). These changes in terminology and diagnostic criteria have facilitated better patient stratification and understanding of the disease’s underlying pathogenesis.

MAFLD, if left untreated, can progress to liver fibrosis, cirrhosis, and ultimately hepatocellular carcinoma, significantly increasing liver-related morbidity and mortality. The progression from steatosis to fibrosis is closely linked to chronic inflammation, characterized by immune cell infiltration, cytokine release, and activation of hepatic stellate cells, which promote extracellular matrix deposition (3). Although liver biopsy remains the gold standard for diagnosing liver fibrosis, it is invasive and carries certain risks, such as infection and bleeding, making it less suitable for widespread use, especially in patients with early-stage fibrosis. Consequently, non-invasive methods such as the FIB-4 score have become widely adopted for assessing liver fibrosis severity in clinical practice (4). The FIB-4 score, based on a combination of age, liver enzymes (AST and ALT), and platelet count, allows for stratifying patients with fatty liver disease based on the likelihood of having significant fibrosis.

The prevalence of both type 2 diabetes mellitus (T2DM) and MAFLD has been rising at alarming rates worldwide, leading to increased clinical attention towards the co-occurrence of these two metabolic disorders. T2DM is a well-established risk factor for the development of MAFLD, with the presence of insulin resistance and dysregulated lipid metabolism playing central roles in its pathogenesis (5). Furthermore, inflammation is thought to play a significant role in the progression of MAFLD to more severe liver damage, including fibrosis and cirrhosis. Chronic low-grade inflammation, driven by adipose tissue dysfunction, oxidative stress, and gut microbiota dysbiosis, creates a pro-fibrogenic microenvironment in the liver (6). This inflammatory milieu is reflected in systemic biomarkers, which have emerged as promising tools for non-invasive risk stratification.

Inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR), systemic inflammation response index (SIRI), platelet-to-lymphocyte ratio (PLR), and platelet-to-high-density lipoprotein cholesterol ratio (PHR) are gaining prominence in metabolic and hepatic diseases. NLR, calculated as the ratio of neutrophils to lymphocytes, reflects systemic inflammation and immune imbalance (7, 8). Elevated NLR has been associated with severity of liver fibrosis in MAFLD and predicts adverse outcomes in cardiovascular diseases (9, 10). SIRI, integrating neutrophil, monocyte, and lymphocyte counts, is a novel marker of systemic inflammation (11). Recent studies highlight its predictive value for cardiovascular events (12) and hepatic complications (13) in metabolic syndrome. PLR, representing the balance between thrombotic and inflammatory pathways, has shown inverse correlations with MAFLD severity and insulin resistance (14). PHR, a composite marker of platelet activity and lipid metabolism, is positively correlated with hepatic steatosis and fibrosis progression, offering insights into the interplay between dyslipidemia and inflammation (15). These indices are cost-effective, readily available from routine blood tests, and provide a holistic view of the inflammatory state, making them attractive for clinical application.

This study seeks to examine the correlation between these inflammatory markers (NLR, SIRI, PLR, and PHR) and liver fibrosis in patients with T2DM and MAFLD, with the goal of providing a clinical basis for early diagnosis and targeted intervention. By evaluating the role of these inflammatory indices in liver fibrosis, we hope to enhance the understanding of the complex relationship between systemic inflammation, metabolic disorders, and liver disease progression, which could potentially inform future therapeutic strategies.




2 Subjects and methods



2.1 Study subjects

A total of 769 patients with T2DM who were hospitalized at our institution from October 2020 to October 2024 were included in the study. All participants met the diagnostic criteria for diabetes as outlined by the World Health Organization (WHO) in 1999 (16). The diagnosis of MAFLD was established according to the “Guidelines for the Prevention and Treatment of Metabolic-Associated (Non-Alcoholic) Fatty Liver Disease (2024 Edition)” (17), which requires the presence of hepatic steatosis (detected via abdominal ultrasound or computed tomography [CT]) combined with at least one of the following metabolic risk abnormalities: (1) overweight/obesity (BMI ≥23 kg/m²), (2) type 2 diabetes mellitus, or (3) evidence of metabolic dysregulation (elevated blood pressure, triglycerides ≥150 mg/dL, HDL-C<40 mg/dL in males or<50 mg/dL in females, or prediabetes) (2).

Exclusion criteria included: patients with type 1 diabetes mellitus (T1DM), gestational diabetes mellitus (GDM), other specific types of diabetes, or those with acute severe diabetes complications; individuals with severe liver or kidney dysfunction, long-term heavy alcohol consumption, viral hepatitis, autoimmune hepatitis, or drug-induced liver injury; patients with hepatic hemangioma, intrahepatic calcification, or those who had undergone liver surgery that could affect liver function test results; individuals with acute or chronic infectious diseases, malignant tumors, or hematological disorders; and patients with incomplete clinical data.

Based on the presence or absence of MAFLD, patients were divided into two main groups: the Control group (n=389) and the Experimental group (n=380). The Experimental group was further stratified into three subgroups based on the FIB-4 score: non-fibrosis subgroup (FIB-4<1.3, n=267), suspected fibrosis subgroup (1.3 ≤ FIB-4 ≤ 2.67, n=99), and advanced fibrosis subgroup (FIB-4 >2.67, n=14) (18). This study was approved by the hospital’s ethics committee, and the requirement for informed consent was waived due to the retrospective nature of the study.




2.2 Research methods

Demographic data including gender, age, and diabetes duration were collected for all subjects. Height and weight were measured, and body mass index (BMI) was subsequently calculated. After an overnight fast of at least 8 hours, 5 mL of venous blood was drawn from the antecubital vein the following morning. Hematological parameters, including white blood cell count (WBC), neutrophil count (NE), lymphocyte count (LY), monocyte count (MC), red blood cell count (RBC), hemoglobin (Hb), platelet count (PLT), platelet distribution width (PDW), mean platelet volume (MPV), mean corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH), were measured using a Sysmex XN-9000 hematology analyzer (Sysmex Corporation, Kobe, Japan) with associated reagents (Lot No. XN-CA21, Sysmex).

Biochemical parameters, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), alkaline phosphatase (ALP), γ-glutamyl transferase (GGT), serum creatinine (Scr), serum uric acid (SUA), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting plasma glucose (FPG), and glycated hemoglobin (HbA1c), were measured using a Roche Cobas 8000 automated biochemical analyzer (Roche Diagnostics, Basel, Switzerland) with standardized reagents (Lot No. 06657522, Roche).

The inflammatory markers were calculated as follows:

	Neutrophil-to-lymphocyte ratio (NLR): NE/LY, validated as a marker of systemic inflammation in metabolic diseases (19).

	Systemic inflammation response index (SIRI): NE × MC/LY, a composite index predictive of hepatic fibrosis in MAFLD (20).

	Platelet-to-lymphocyte ratio (PLR): PLT/LY, associated with insulin resistance and liver injury (21).

	Platelet-to-high-density lipoprotein cholesterol ratio (PHR): PLT/HDL-C, reflecting dyslipidemia-driven inflammation (22).



The FIB-4 score (23) was calculated using the following formula:  .

Doppler ultrasound (GE Logiq E10, General Electric, USA) was used to measure left ventricular ejection fraction (LVEF). Additionally, abdominal imaging results from Doppler ultrasound (Philips EPIQ 7, Philips Healthcare, Netherlands) and CT scans (Siemens SOMATOM Definition Edge, Siemens Healthineers, Germany) were collected to assess liver morphology and function.




2.3 Statistical analysis

Statistical analysis was performed using SPSS 26.0 software. Non-normally distributed continuous data were expressed as median (interquartile range) [M (QL, QU)], and intergroup comparisons were conducted using non-parametric tests. Pairwise comparisons between groups were performed using the Kruskal-Wallis one-way ANOVA test. Logistic regression analysis was utilized to identify the factors influencing liver fibrosis in T2DM patients with MAFLD. The diagnostic value of inflammatory markers (NLR, SIRI, PLR, and PHR) in predicting liver fibrosis was assessed using receiver operating characteristic (ROC) curve analysis. A P-value of less than 0.05 was considered statistically significant.





3 Results



3.1 Comparison of general characteristics and biochemical indicators between the two groups

The Experimental group exhibited significantly higher levels of BMI, LY, RBC, Hb, FPG, TG, TC, LDL-C, AST, ALT, ALB, GGT, and SUA compared to the Control group (P< 0.05). In contrast, the Experimental group showed significantly lower levels of age, duration of diabetes, mean platelet volume (MPV), and high-density lipoprotein cholesterol (HDL-C) (P< 0.05) (Table 1).


Table 1 | Comparison of general data and biochemical indexes between the two groups [M (QL, QU), n (%)].






3.2 Comparison of general characteristics and biochemical indicators among subgroups

When compared to the non-fibrosis subgroup, the suspected fibrosis subgroup demonstrated increased age, duration of diabetes, MCV, AST, and NLR (P< 0.05). In contrast, LY, PLT, and PHR were significantly decreased (P< 0.05). The advanced fibrosis subgroup exhibited further increases in age, AST, and NLR (P< 0.05), while LY, RBC, LDL-C, PLR, and PHR were significantly lower (P< 0.05). Additionally, compared to the suspected fibrosis subgroup, the advanced fibrosis subgroup had elevated levels of FPG, HbA1c, and SIRI (P< 0.05), while Hb, PLT, and ALB levels were significantly lower (P< 0.05) (Table 2).


Table 2 | Comparison of general data and biochemical indexes among subgroups[M (QL, QU), n (%)].






3.3 Logistic regression analysis of factors influencing liver fibrosis in T2DM patients with MAFLD

Logistic regression analysis, using the degree of liver fibrosis as the dependent variable and statistically significant indicators from Table 2 (excluding those with multicollinearity) as independent variables, revealed that NLR, SIRI, PLR, and PHR were significant factors influencing liver fibrosis in T2DM patients with MAFLD (Table 3).


Table 3 | Logistic regression analysis of influencing factors for T2DM complicated with MAFLD liver fibrosis.






3.4 ROC curve analysis of NLR, SIRI, PLR, and PHR in predicting liver fibrosis in T2DM patients with MAFLD

ROC curve analysis showed that the AUC for NLR, SIRI, PLR, and PHR in predicting liver fibrosis in T2DM patients with MAFLD was 0.712, 0.757, 0.703, and 0.806, respectively. The sensitivity values for NLR, SIRI, PLR, and PHR were 0.929, 0.500, 0.857, and 0.929, respectively, while the specificity values were 0.388, 0.902, 0.497, and 0.593, respectively. The optimal cutoff values for NLR, SIRI, PLR, and PHR were 1.573, 1.465, 110.819, and 185.379, respectively (Figures 1, 2).




Figure 1 | ROC curve analysis of NLR and SIRI in predicting liver fibrosis.






Figure 2 | ROC curve analysis of PLR and PHR in predicting liver fibrosis.







4 Discussion

MAFLD is a common cause of chronic liver injury worldwide, with liver metabolic dysregulation playing a central role in the development of various metabolic diseases. The interplay between glucose and lipid metabolism significantly impacts insulin resistance (IR), a condition prevalent in most patients with T2DM. IR is a key factor in the progression of steatosis and non-alcoholic steatohepatitis, leading to dysfunction in hepatic adipose tissue. This dysfunction affects the production and secretion of adipokines and inflammatory cytokines, contributing to further liver damage (24). Our findings align with this mechanism, as the Experimental group exhibited elevated FPG, HbA1c, TG, and LDL-C—hallmarks of insulin resistance and dyslipidemia—which collectively drive hepatic inflammation and fibrogenesis.

In this study, we observed a lower prevalence of MAFLD in females compared to males, though females exhibited a higher proportion of liver fibrosis progression, especially in older age groups. This could be attributed to the decrease in estrogen levels post-menopause, which plays a crucial role in regulating mood, homeostasis, fat distribution and function, inflammatory responses, and IR (25). Estrogen deficiency exacerbates hepatic lipotoxicity and mitochondrial dysfunction, creating a pro-inflammatory microenvironment that favors fibrogenesis (26). The reduction in estrogen after menopause disrupts internal balance, promoting the development of MAFLD and increasing the likelihood of liver fibrosis in females. Additionally, the Experimental group had a significantly higher BMI compared to the Control group, reinforcing the association between high BMI and the development of MAFLD (27). Obesity-induced adipose tissue hypoxia and macrophage polarization toward a pro-inflammatory phenotype further amplify systemic inflammation, contributing to liver injury and fibrosis (28).

A national cross-sectional study (29) reported prevalences of steatosis, severe steatosis, advanced fibrosis, and cirrhosis at 44.39%, 10.57%, 2.85%, and 0.87%, respectively. In our study, 3.7% of participants had liver fibrosis, which aligns with these previous findings. The subgroups with progressive liver fibrosis in this study showed elevated levels of the NLR and the SIRI. Both NLR and SIRI are inflammatory markers calculated using NE, LY, and MC. Elevated NLR reflects a systemic imbalance between innate immune activation (neutrophilia) and adaptive immune suppression (lymphopenia), which is increasingly recognized as a hallmark of progressive liver fibrosis in MAFLD (30). In our cohort, the advanced fibrosis subgroup demonstrated a stepwise increase in NLR (1.573 cutoff), supporting its role as a sensitive marker of fibrotic progression. In the inflammatory stress response, margination and redistribution are key factors contributing to the decrease in LY in peripheral venous blood (31). NE plays a significant role in the innate immune response, including the release of inflammatory factors, mediators, and phagocytosis of dead or necrotic cells (18). Neutrophils exacerbate liver fibrosis by secreting MMPs and ROS, which directly damage hepatocytes and activate hepatic stellate cells. This process is amplified by bidirectional interactions between neutrophils and HSCs, as demonstrated in models of steatohepatitis and gut microbiota-driven inflammation (32, 33). This is consistent with our observation of elevated AST and ALT in fibrosis subgroups, indicative of ongoing hepatocyte injury.

SIRI, which incorporates the change in MC, emphasizes the importance of MC in clearing infections, promoting tissue repair, and supporting immune defense. However, the aggregation of MCs can exacerbate inflammation and lead to degenerative diseases (34). Recent evidence highlights that monocytes infiltrate the liver and differentiate into pro-fibrotic macrophages, secreting TGF-β and PDGF to stimulate collagen synthesis (35). In our study, the advanced fibrosis subgroup exhibited significantly higher SIRI (1.465 cutoff) compared to non-fibrosis subgroups, underscoring its specificity in reflecting monocyte-driven fibrotic processes.

Our study confirms that NLR and SIRI are influential factors in liver fibrosis progression in T2DM patients with MAFLD. Additionally, the decreases in PLR and PHR suggest an aggravated inflammatory state, which could promote the progression of liver fibrosis, showing a negative correlation with MAFLD-related fibrosis. Low PLR indicates thrombocytopenia relative to lymphopenia, reflecting both impaired liver synthetic function and heightened inflammation. Platelets themselves release pro-fibrotic mediators like serotonin and TGF-β, linking thrombocytopenia to reduced capacity for fibrosis modulation (36). This aligns with our findings of reduced PLT and PLR in advanced fibrosis subgroups. Reduced high-density lipoprotein cholesterol (HDL-C) is a well-established marker for increased risk of decompensation in chronic liver diseases, and it could effectively complement existing prognostic scoring systems (37). HDL-C exerts anti-inflammatory effects by inhibiting endothelial adhesion molecule expression and neutralizing oxidized lipids (38); its reduction in MAFLD exacerbates oxidative stress and hepatocyte apoptosis (39). The significant decrease in PHR (185.379 cutoff) in fibrosis subgroups highlights the dual impact of dyslipidemia and platelet dysfunction in fibrosis progression.

Logistic regression analysis identified PLR and PHR as significant factors influencing liver fibrosis in T2DM patients with MAFLD. Furthermore, ROC curve analysis demonstrated the predictive value of NLR, SIRI, PLR, and PHR, with NLR and PHR showing higher sensitivity (0.929 and 0.929, respectively), while SIRI exhibited greater specificity (0.902) in predicting liver fibrosis. These findings align with a 2023 study validating NLR and SIRI as robust predictors of fibrosis in MAFLD, with AUCs comparable to traditional biomarkers like FIB-4 (40). The superior AUC of PHR (0.806) in our study suggests that integrating lipid and platelet indices enhances fibrosis prediction, potentially due to their dual reflection of metabolic dysregulation and inflammatory burden.

One limitation of this study is its single-center design, which may introduce potential biases due to the influence of local dietary habits, lifestyle patterns, and genetic factors. Furthermore, the impact of medication use was not accounted for. To address these limitations, future research should include data from diverse geographical regions to improve the generalizability and applicability of the findings.

In summary, NLR, SIRI, PLR, and PHR are significant factors influencing liver fibrosis in T2DM patients with MAFLD. These inflammatory markers hold potential as valuable diagnostic tools to assist in identifying liver fibrosis in this specific patient population.
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