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Background: Autoimmune hepatitis (AIH) is a chronic inflammatory disease that 
can progress to cirrhosis and liver failure. While various biomarkers have been 
associated with AIH progression and prognosis, their specific roles in diagnosing, 
predicting, and managing cirrhosis, particularly in compensated cirrhosis, 
remain unclear. Accurately predicting 2-year survival and clinical outcomes for 
patients with compensated cirrhosis is a critical challenge.

Methods: This study analyzed clinical data from non-cirrhotic and cirrhotic AIH 
patients to identify factors influencing cirrhosis development and prognosis. 
Serum and nutritional indices were compared between groups with differing 
prognoses. The diagnostic efficacy of TSP-1, Gal-3, Cys-C, AIb, and PA was 
evaluated in compensated cirrhosis patients, and their prognostic value was 
validated using linear regression and Cox proportional hazards models.

Results: No significant differences in gender, age, BMI, hypertension, diabetes 
history, or AMA positivity were observed between the non-cirrhotic AIH and 
cirrhotic AIH groups. However, TBil levels were significantly higher, and CD38 and 
IL-22 levels were significantly lower in the cirrhosis group. Multivariate logistic 
regression identified elevated TBil and reduced CD38 and IL-22 levels were 
associated with increased cirrhosis risk. Prognosis analysis revealed that patients 
with good outcomes had significantly lower TSP-1, Gal-3, and Cys-C levels and 
higher AIb and PA levels than those with poor outcomes. Cox proportional 
hazards modeling identified TSP-1, Gal-3, and Cys-C as independent risk factors 
and AIb and PA as protective factors influencing 2-year survival.

Conclusion: This study underscores the critical roles of TBil, CD38, and IL-22 in 
cirrhosis development among AIH patients and validates the diagnostic and 
prognostic significance of TSP-1, Gal-3, Cys-C, AIb, and PA in compensated 
cirrhosis. These biomarkers facilitate early risk identification and inform clinical 
decision-making, contributing to improved management and outcomes for AIH 
patients.
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1 Introduction

Autoimmune hepatitis (AIH) is a chronic liver disease 
characterized by immune-mediated hepatocellular damage, which can 
progress to cirrhosis if left untreated (1–3). Cirrhosis, the end-stage of 
liver fibrosis, is associated with significant morbidity and mortality, 
making its prevention and early detection critical for improving 
patient outcomes (4, 5). The pathogenesis of AIH involves a 
dysregulated immune response, where the liver is attacked by the 
body’s immune system (6). Although the disease affects individuals 
across all age groups, it is more commonly diagnosed in women, 
particularly those in their 50s and 60s.

The diagnosis of AIH is based on clinical, biochemical, 
immunological, and histological findings (7, 8). The 2022 
American Academy of Hepatology Practice Guidelines provide a 
diagnostic framework for severe forms of liver disease, including 
decompensated cirrhosis, which can develop in AIH patients (9). 
These guidelines emphasize the use of imaging, biochemical, and 
physical assessments for accurate diagnosis. Management 
strategies for AIH primarily involve immunosuppressive therapy 
to control the immune response and prevent further liver damage 
(10). However, the progression to cirrhosis in AIH patients is 
highly variable, influenced by factors such as age, gender, body 
mass index (BMI), and comorbidities like hypertension and 
diabetes mellitus (11, 12). Antimitochondrial antibody (AMA) 
positivity is also assessed, as it may indicate alternative liver 
pathologies (13, 14). Despite these known factors, accurately 
predicting the development of cirrhosis in AIH patients remains 
a challenge.

In recent years, serum biomarkers have gained attention for 
their potential in predicting liver disease prognosis, including AIH 
(15, 16). Biomarkers such as Thrombospondin-1 (TSP-1), 
Galectin-3 (Gal-3), and Cystatin C (Cys-C) have been studied for 
their roles in assessing liver fibrosis and predicting cirrhosis 
progression (17–19). These biomarkers reflect various aspects of 
liver injury and function, providing valuable insights into disease 
severity and patient prognosis. This study aimed to investigate the 
clinical characteristics of AIH patients and identify factors 
influencing cirrhosis development.

2 Materials and methods

2.1 Research volunteer recruitment

The study adhered to the Declaration of Helsinki and received 
approval from the hospital’s Ethics Committee. And this study 
enrolled 75 patients with non-cirrhotic AIH and 18 patients with 
cirrhosis AIH hospitalized at our institution between June 2020 and 
June 2023. Clinical data, including gender, age, BMI, hypertension and 
diabetes history, AMA positivity, total bilirubin (TBil), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), white blood 
cell count (WBC), immunoglobulin G (IgG), CD38, and 
interleukin-22 (IL-22) levels, were analyzed to compare non-cirrhotic 
and cirrhotic groups. The non-cirrhotic cohort comprised 40 males 
and 35 females, aged 45–79 years, with a mean age of 
59.31 ± 5.12 years. And the cirrhotic cohort comprised 10 males and 
8 females, aged 42 to 80 years, with a mean age of 56.22 ± 6.28 years.

2.1.1 Inclusion criteria
1. Met the diagnostic criteria for decompensated cirrhosis as 

outlined in the 2022 American Academy of Hepatology Practice 
Guidelines, confirmed through imaging, biochemical, and physical 
assessments. 2. No history of metabolic encephalopathy, toxic 
encephalopathy, or neurological disorders. 3. No active variceal 
bleeding within 1 month prior to admission. 4. Complete clinical data.

2.1.2 Exclusion criteria
1. Patients with blood or infectious diseases. 2. Patients using 

immunosuppressants. 3. Patients with abnormal immune function. 4. 
Patients with other liver tumors. 5. Past recipients of liver 
transplantation. 6. Patients with severe heart disease.

2.2 Serum protein ELISA assay

A 5 mL fasting blood sample was collected from the cubital vein 
of each participant, and no repeated measures were taken. Serum was 
isolated by centrifugation at 2,000 rpm with a 6 cm radius for 3 min 
and stored at −80°C until analysis. Thrombospondin-1 (TSP-1), 
Galectin-3 (Gal-3), and Cystatin-C (Cys-C) levels were measured 
using enzyme-linked immunosorbent assay (ELISA) and a Hitachi 
Labospec T008AS automatic biochemical analyzer. Blood albumin 
(Alb) and prealbumin (PA) were analyzed using a Beckman Coulter 
LH750 total autokinetic blood cell analyzer.

2.3 Statistical analysis

Data analysis was performed using SPSS version 22.0. Variables 
following a normal distribution were expressed as mean ± standard 
deviation (SD) and analyzed using an independent t-test. The linear 
regression model was used to establish regression equations for 
analyzing correlations. The Cox proportional hazards regression 
model was employed to identify prognostic factors and develop a 
predictive model. The model’s accuracy was assessed using the area 
under the curve (AUC) of the receiver operating characteristic (ROC) 
curve. Survival rates were analyzed using Kaplan–Meier survival 
curves. A difference was considered statistically significant when 
p < 0.05.

3 Results

3.1 Comparison of clinical characteristics 
between patients in non-cirrhosis and 
cirrhosis group

To identify factors influencing cirrhosis development in 
patients with AIH, we analyzed clinical data from non-cirrhotic 
and cirrhotic patient groups (Table 1). No significant differences 
were observed between the two groups regarding gender, age, 
BMI, history of hypertension and diabetes, or AMA positivity. 
However, significant differences were found in total bilirubin 
(TBil) levels, which were notably higher in the cirrhotic group 
compared to the non-cirrhotic group. Levels of CD38 and IL-22 
were significantly lower in the cirrhotic group. Multivariate 
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logistic regression analysis identified TBil, CD38, and IL-22 as 
independent factors influencing cirrhosis development in AIH 
patients. Combined detection of TBil, CD38, and IL-22 levels 
demonstrated high sensitivity and specificity for predicting 
cirrhosis development in AIH patients, highlighting their potential 
as reliable biomarkers for early identification and risk assessment.

3.2 Comparative of serum and nutritional 
indexes between the good prognosis 
group and the poor prognosis group in 
non-cirrhosis patients

Serum and nutritional indicators were analyzed between the Good 
Prognosis and Poor Prognosis groups (Table 2). The Good Prognosis 
Group consisted of 38 subjects, while the Poor Prognosis Group had 37 
subjects. The Good Prognosis Group exhibited significantly lower 
mean levels of Thrombospondin-1 (TSP-1), Galectin-3 (Gal-3), and 
Cystatin-C (Cys-C) compared to the Poor Prognosis Group. 
Additionally, the Good Prognosis Group had significantly higher mean 
levels of albumin (Alb) and prealbumin (PA). These findings 
demonstrate that the Good Prognosis Group exhibited notably superior 
serum and nutritional indicators relative to the Poor Prognosis Group.

3.3 Diagnostic performance analysis of 
biomarkers for predicting prognosis of 
patients with compensatory cirrhosis

We conducted an in-depth analysis to evaluate the diagnostic 
capabilities of biomarkers in compensated cirrhosis (Table 3). Our aim 
was to identify indicators that accurately forecast patient outcomes, 

TABLE 1 Analysis of clinical data contrasting the good and poor prognosis groups.

Variable Non-cirrhosis group 
(n = 75)

Cirrhosis group 
(n = 18)

Statistical value p-value

Gender/cases (%) χ2 = 0.029 0.865

 Male 40(53.33) 10(55.56)

 Female 35(46.67) 8(44.44)

Age/cases (%) χ2 = 0.355 0.552

 ≤60 years 40(53.33) 11(61.11)

 >60 years 3(46.67) 7(38.89)

BMI (kg/m2) 22.65 ± 2.04 22.61 ± 3.12 t = 0.067 0.947

Hypertension history/cases (%) χ2 = 3.386 0.066

 Present 11 (14.67) 6 (33.33)

 Absent 64 (85.33) 12 (66.67)

Diabetes history/cases (%) χ2 = 2.403 0.121

 Present 16(21.33) 7(38.89)

 Absent 59(78.67) 11(61.11)

AMA/cases (%) χ2 = 0.000 1.000

 Negative 0 0

 Positive 75(100.00%) 18(100.00%)

TBil (μmol/L) 40.51 ± 16.34 85.91 ± 27.15 t = 9.183 0.001

AST (U/L) 53.26 ± 9.17 54.35 ± 10.29 t = 0.442 0.659

ALT (U/L) 59.39 ± 11.14 61.51 ± 12.28 t = 0.711 0.479

WBC (L) 5.51 ± 1.72 × 109 5.87 ± 2.01 × 109 t = 0.772 0.442

IgG (g/L) 19.46 ± 3.41 20.82 ± 3.75 t = 1.491 0.140

CD38 (ng/L) 9.24 ± 1.97 19.25 ± 3.04 t = 17.260 <0.001

IL-22 (ng/L) 71.28 ± 10.61 50.36 ± 7.09 t = 7.934 <0.001

BMI, body mass index; AMA, antimitochondrial antibody; TBil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell; IgG, immunoglobulin 
G.

TABLE 2 Comparison of serum and nutritional indicators between two 
groups.

Variable Good 
prognosis 
(n = 38)

Poor 
prognosis 

(n = 37)

t-
value

P-
value

TSP-1(ng/

mL)

1.11 ± 0.36 1.71 ± 0.33 7.288 <0.001

Gal-3 (ng/L) 17.77 ± 3.33 23.96 ± 3.91 7.719 <0.001

Cys-C (mg/L) 1.05 ± 0.23 1.54 ± 0.42 8.087 <0.001

AIb (g/L) 36.15 ± 4.48 28.89 ± 6.41 6.466 <0.001

PA (mg/L) 89.13 ± 10.42 72.53 ± 13.46 6.497 <0.001

TSP-1, thrombospondin-1; Gal-3, antimitochondrial antibody; Cys-C, cystatin C; AIb, 
albumin; PA, prealbumin.
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thereby guiding clinical decisions and potentially enhancing patient 
outcomes. Our study assessed the diagnostic efficacy of key 
biomarkers. TSP-1 and Gal-3 emerged as strong predictors, with 
TSP-1 showing an area under the curve (AUC) of 0.892, sensitivity of 
81.0%, and specificity of 100.0%. Gal-3 exhibited an AUC of 0.900, 
sensitivity of 90.5%, and specificity of 88.6%. These findings suggest 
that TSP-1 and Gal-3 have the potential to play a significant role in the 
early detection and prognosis of compensated cirrhosis. Furthermore, 
Cys-C, Alb, and PA also demonstrated promising diagnostic 
performance, with AUCs ranging from 0.832 to 0.885 and varying 
levels of sensitivity and specificity. Although these biomarkers are less 
robust than TSP-1 and Gal-3, they still offer valuable insights for 
clinical decision-making in compensated cirrhosis.

3.4 Relationship between linear regression 
analysis and prognosis of compensated 
cirrhosis

To investigate the relationship between patient prognosis in 
compensated cirrhosis and various biomarkers, we performed linear 
regression analysis (Table 4). The results showed that TSP-1, Gal-3, 
Cys-C, Alb, and PA were significantly correlated with prognosis in 
patients with compensated cirrhosis. TSP-1, Gal-3, and Cys-C were 
positively correlated with poor prognosis, while Alb and PA 
demonstrated a negative correlation with poor prognosis. Additionally, 
the tolerance and variance inflation factor (VIF) of each indicator are 
listed in the table to evaluate multicollinearity. These findings suggest 
that this biomarkers may be  useful indicators for assessing the 
prognosis of patients with compensated cirrhosis.

3.5 Cox proportional hazards analysis of 
factors affecting 2-year survival rate in 
compensated cirrhosis

To investigate the impact of various biomarkers on the 2-year 
survival rate in patients with compensated cirrhosis, we conducted a 
Cox proportional hazards analysis (Table  5). TSP-1 significantly 
predicted survival, with a hazard ratio (HR) of 112.562 (95% CI: 
31.739–399.203, p < 0.001), suggesting that elevated TSP-1 levels 
markedly increase mortality risk. Gal-3 (HR = 92.562, 95% CI: 
12.392–691.394, p < 0.001) and Cys-C (HR = 43.773, 95% CI: 5.870–
326.402, p < 0.001) were also significant risk factors for poor survival 
outcomes. Conversely, albumin (Alb) and prothrombin activity (PA) 
were associated with a reduced risk of mortality. The HR for Alb was 

0.014 (95% CI: 0.003–0.059, p < 0.001), and for PA, it was 0.020 (95% 
CI: 0.003–0.147, p < 0.001), indicating that elevated levels of these 
biomarkers correlate with improved survival outcomes.

4 Discussion

Cirrhosis results from the prolonged destruction of the liver’s 
normal lobular structure due to various causes, leading to fibrosis, 
nodular regeneration, and hepatocyte necrosis (20–22). 
Decompensated cirrhosis represents an advanced stage of liver 
disease, characterized by portal hypertension and significant liver 
function impairment, with poor prognosis and high mortality (23). 
Liver transplantation remains the only curative option but is limited 
by high risk, cost, and insufficient donor availability. Thus, identifying 
effective and objective clinical indicators is crucial for treatment 
planning and prognosis evaluation (24).

Thrombospondin-1 (TSP-1) is a multifunctional trimeric protein 
involved in apoptosis, angiogenesis, and coagulation, playing a 
significant role in cirrhosis pathogenesis (25). Decreased liver function 
during decompensation alters TSP-1 production, making its serum 
levels a reliable marker for assessing disease severity and prognosis 
(26). This study identified elevated TSP-1 levels as strongly associated 
with poor prognosis, suggesting a positive correlation between high 
TSP-1 expression and adverse outcomes. Activation of TSP-1 
precursor complexes can trigger signal transduction, causing 
extracellular matrix accumulation, reduced stromal degradation, and 
microenvironment changes, ultimately leading to fibrosis and 
microcirculatory dysfunction (27, 28). Additionally, TSP-1 acts as a 
potent activator of transforming growth factor-β1 (TGF-β1), binding 
to form the TSP1-LAP complex, which regulates cell proliferation and 
adhesion via signal transduction (29).

Galectin-3 is a β-galactoside-binding lectin extensively involved 
in inflammatory responses, apoptosis, and fibrotic processes (30–32). 
In cirrhosis, Galectin-3 is closely associated with the activation of 
hepatic stellate cells, a key step in liver fibrosis (33). Moreover, 
Galectin-3 affects the inflammatory response in the liver by regulating 
the infiltration of inflammatory cells and intercellular signaling (34). 
High expression of Galectin-3 may reflect the active degree of 
inflammation and fibrosis in cirrhotic patients, making it an important 
biomarker for assessing prognosis.

Cystatin-C (Cys-C) is a low-molecular-weight protein that serves 
as a marker of glomerular filtration rate due to its stable production 
and rapid metabolic breakdown (35, 36). This study found a positive 
correlation between elevated Cys-C levels and poor prognosis in 
decompensated cirrhosis. The proposed mechanism involves portal 

TABLE 3 Diagnostic performance of indicators in predicting outcomes of compensated cirrhosis.

Variable Area SE P-value 95% Cl Cut-off Younden’s 
Index

Sensitivity Specificity

TSP-1 0.892 0.055 <0.001 0.785–0.999 1.55 0.81 81.0 100.0

Gal-3 0.900 0.035 <0.001 0.831–0.969 20.95 0.791 90.5 88.6

Cys-C 0.885 0.051 <0.001 0.785–0.985 1.25 0.647 90.5 74.2

AIb 0.859 0.064 <0.001 0.733–0.984 31.4 0.804 85.7 94.7

PA 0.832 0.057 <0.001 0.720–0.943 82.1 0.63 85.7 77.3

95% Cl, 95% confidence interval; TSP-1, thrombospondin-1; Gal-3, antimitochondrial antibody; Cys-C, cystatin C; AIb, albumin; PA, prealbumin.
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hypertension and splenomegaly, leading to immune and hematopoietic 
imbalances that elevate Cys-C levels. These findings align with prior 
studies linking Cys-C to disease severity. Malnutrition is a common 
complication in decompensated cirrhosis, driven by impaired liver 
function and gastrointestinal absorption (37).

Albumin (Alb) and prealbumin (PA) serve as key nutritional 
indicators, reflecting the liver’s synthetic capacity and the body’s 
nutritional status (38). This study found lower Alb and PA levels in 
patients with poor prognosis, indicating a negative correlation with 
survival outcomes. The mechanisms include increased energy 
consumption due to cirrhosis, reduced intake of high-quality proteins, 
and intestinal absorption disorders caused by portal hypertension, 
leading to malnutrition and decreased Alb and PA levels (39).

In the end, a Cox proportional hazards model identified 
independent risk factors influencing 2-year survival in decompensated 
cirrhosis:TSP-1 levels ≥1.55 ng/mL, Gal-3 levels ≥20.95 ng/L, Cys-C 
levels ≥1.25 mg/L, AIb levels <31.4 g/L, PA levels <82.1 mg/L. Our 
study demonstrated that TSP-1, Gal-3, and Cys-C independently 
increased the risk of death in compensated cirrhosis, whereas albumin 
and plasminogen activity could act as protective factors. These results 
highlight the potential clinical utility of these biomarkers in predicting 
survival and guiding therapeutic strategies in patients with 
compensated cirrhosis.

There are some limitations of our study, firstly, our study is a 
retrospective study, sample size is small and absence of external 
validation, future studies expand the sample size through multicenter 
collaboration to improve the statistical power and future external 
validation in independent cohorts to confirm the generalizability of 
our results. Secondly, our study was not externally validated, but 
we used appropriate models in our statistical analysis and plan to 
conduct external validation in future studies. Thirdly, our study 
focused on the assessment of short-term prognosis, the potential value 
of these biomarkers in long-term prognosis also warrants further 
exploration. Future studies will aim to validate the performance of 

these markers in long-term follow-up and explore their potential 
application in different disease stages.

5 Conclusion

In this study, TSP-1, Galectin-3, and Cystatin-C were found to 
be  independent risk factors for death in patients with cirrhosis, 
whereas Albumin and Prealbumin were protective. The combined 
application of these markers provides a new tool for the assessment of 
short-term prognosis. However, this study has limitations, including 
a small sample size and the omission of other potential indicators such 
as vitamin B12, serum iron, and folic acid, which may introduce bias. 
Future research should address these limitations to enhance the 
reliability of findings and develop more comprehensive 
prognostic models.
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PA −0.010 0.001 −0.371 −7.266 <0.001 0.611 1.636
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