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leukin 1 beta (IL-1β) and interleukin 18 (IL-18) were 
detected using enzyme-linked immunosorbent assay. 
Correlations between inflammatory markers and 
liver function parameters were analysed, and multi-
variate logistic regression and receiver operating char-
acteristic curve analyses were performed to evaluate 
predictive performance. The ALF group showed sig-
nificantly elevated NLRP3 mRNA expression and 
higher serum levels of IL-1β and IL-18 compared to 
the NLF and control groups (all P < 0.001). These 
inflammatory markers were positively correlated with 
ALT, AST and HBV-DNA levels (all P < 0.001). 
Multivariate analysis identified NLRP3, IL-1β, IL-18, 
ALT and HBV-DNA as independent risk factors for 
liver dysfunction. The combined model of NLRP3, 
IL-1β, IL-18 and HBV-DNA demonstrated superior 
predictive performance (AUC = 0.954) compared to 
any single indicator. This research shows that elevat-
ed NLRP3 expression and increased levels of IL-1β 
and IL-18 in early pregnancy are associated with 
liver dysfunction in HBV-infected pregnant women. 
The combination of these inflammatory markers with 
HBV-DNA provides a highly accurate diagnostic 
model for early identification of high-risk individuals, 
offering a potential strategy for early intervention and 
improved management.

Introduction
Chronic infection with the hepatitis B virus (HBV) 

is a significant global health issue, affecting approxi-
mately 254 million individuals worldwide, as reported 
by the World Health Organization (WHO) (Hsu et al., 
2023; Zeng et al., 2025). China is one of the regions with 
a high prevalence of HBV, with a general popula-
tion prevalence of 5.6 % in 2022. Notably, the infection 
rate among pregnant women remains high at 4.56 % 
(Lok et al., 2021; Weng et al., 2023). Studies indicate that 
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Abstract. Hepatitis B virus-infected pregnant women 
often develop liver dysfunction. Although the NLRP3 
inflammasome drives HBV-related liver injury, its 
predictive role in this group remains unclear. 
Participants were categorized into normal liver func-
tion (NLF, N = 73), abnormal liver function (ALF, N = 
66) and control (N = 40) groups. Reverse transcription 
quantitative polymerase chain reaction was used to 
measure NLRP3 mRNA expression in peripheral 
blood mononuclear cells, and serum levels of inter-
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28.3 %–35.6 % of pregnant women with HBV infection 
develop elevated alanine aminotransferase during mid-
to-late pregnancy, a prevalence markedly higher than in 
their non-infected counterparts (Cai et al., 2019; Li et al., 
2021). Therefore, even with improved strategies to miti-
gate mother-to-child transmission, maternal liver dysfunc-
tion persists as a significant issue in the management of 
HBV during pregnancy, given its potential implications 
for both maternal well-being and pregnancy outcomes.

The nucleotide-binding oligomerization domain-like 
receptor 3 (NLRP3), as the most thoroughly studied pat-
tern recognition receptor in the NLR family, recognizes 
different endogenous hazard signal-damage-related pat-
tern molecules and exogenous hazard signal-pathogen-
related pattern molecules (Nunzi et al., 2023; Shi et al., 
2025). It promotes the maturation and release of down-
stream inflammatory factors interleukin 1 beta (IL-1β) 
and interleukin 18 (IL-18) and induces the inflammatory 
cascade reaction (Paerewijck et al., 2022). This mecha-
nism has been confirmed in chronic hepatitis B-related 
liver injury (Du et al., 2025; Ma et al., 2025). Notably, 
the unique immunomodulatory state of pregnancy and 
the persistent inflammatory activation caused by chronic 
HBV infection interact in a complex manner (Lu et al., 
2023). This interaction may specifically affect the activ-
ity of key inflammatory pathways such as the NLRP3 
inflammasome, thereby constituting a potentially impor-
tant mechanism for liver dysfunction in HBV-infected 
pregnant women. However, the specific characteristics 
of this mechanism in the context of pregnancy remain 
unclear. Consequently, the imbalance between immune 
tolerance and inflammatory response during pregnancy 
may further amplify the activation of the NLRP3 pathway 
in pregnant women with hepatitis B (Cornelius et al., 
2022; Ratho et al., 2022). Currently, guidelines (e.g., 
EASL) emphasize early identification of pregnancy-re-
lated liver dysfunction as crucial for optimizing manage-
ment (EASL Clinical Practice Guidelines on the manage-
ment of autoimmune hepatitis, 2025), yet they lack 
mechanistic biomarkers. Although traditional liver func-
tion indicators such as alanine aminotransferase (ALT) 
or aspartate aminotransferase (AST) are relied upon in 
clinical practice to warn of liver injury, their sensitivity 
to potential inflammatory activities is insufficient.

Therefore, this study aimed to evaluate whether NLRP3 
can predict the risk of abnormal liver function in pregnant 
women with HBV infection, providing a guiding basis 
for early intervention.

Material and Methods

Research design and grouping criteria

This study adopted a retrospective cohort design to 
systematically analyse the clinical data of 166 pregnant 
women with chronic hepatitis B who were registered at 
Shijiazhuang Maternal and Child Health Hospital from 
January 2020 to October 2022. Meanwhile, 40 healthy 

pregnant women of the same gestational age during the 
same period were included as controls. The specific inclu-
sion criteria were as follows: single pregnancy, first reg-
istration and prenatal examination within 12 weeks of 
gestation, the case group needed to meet the tri-positiv-
ity characteristics of hepatitis B serological markers 
(hepatitis B surface antigen (HBsAg) positive, hepatitis B 
e antigen (HBeAg) positive, and anti-HBc positive); adopt 
natural conception and be singleton pregnancies; have 
normal baseline liver function indicators  (defined as ALT 
and AST levels ≤ 2 times the upper limit of normal, 
2×ULN); have no antiviral or immunomodulatory treat-
ment before pregnancy; the control group needed to be 
HBsAg negative and have no history of any internal 
diseases. Strict exclusion criteria included: concurrent 
hepatitis C/HIV and other infectious diseases; previous 
history of liver disease; history of antiviral treatment or 
drug-induced liver injury; evidence of active hepatitis; 
history of metabolic diseases; accompanied by limb dys-
function, mental psychological disorders or mental ill-
ness; pregnancy complications such as gestational dia-
betes, gestational hypertension; and those with incomplete 
follow-up data. After screening, a total of 27 cases (in-
cluding 18 cases lost to follow-up and 9 cases with miss-
ing biomarker data) were excluded. Finally, we formed 
three cohorts based on their longitudinal liver function 
status during pregnancy: the normal liver function group 
(NLF, ALT persistently ≤ 2×ULN, N = 73), the abnormal 
liver function group (ALF, N = 66) and the healthy con-
trol group (Control, N = 40). Fasting venous blood spec-
imens were obtained from the participants.

Follow-up protocol and outcome definition
All the included pregnant women were subject to 

regular follow-up according to the routine prenatal ex-
amination protocol of our hospital. After collecting base-
line blood samples in the early pregnancy (≤ 12 weeks), 
liver function was re-examined at least once in the mid-
pregnancy (16–28 weeks) and late pregnancy (28–40 
weeks). If ALT was found to be abnormally elevated, the 
re-examination interval was shortened to 2–4 weeks.

The primary outcome of this study, “abnormal liver 
function during pregnancy”, was defined as follows: 
after the collection of baseline blood samples, the ALT 
level was > 2×ULN, and this abnormality persisted in the 
re-examination at least two weeks later. At the same time, 
clinical exclusion was required to rule out liver injury 
caused by other clear reasons such as intrahepatic cho-
lestasis of pregnancy, preeclampsia, or drugs. Individuals 
meeting this definition were classified into the ALF 
group. The gestational week when the pregnant woman 
first reached this abnormal standard was recorded as the 
time of outcome occurrence.

Sample processing and storage
The blood was then subjected to centrifugation to sepa

rate the serum, which was subsequently aliquoted into 
individual vials and stored at –80 °C until further analy-
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sis. Meanwhile, peripheral blood mononuclear cells 
(PBMCs) were isolated using standard density-gradient 
centrifugation techniques and cryopreserved for subse-
quent assays. The study extracted baseline demographic 
characteristics and laboratory parameters from the elec-
tronic medical record system. This study has been ap-
proved by the Institutional Review Board of Shijiazhuang 
Maternal and Child Health Hospital, and all participants 
provided informed consent.

Detection of NLRP3 mRNA expression
Total RNA was extracted from isolated PBMCs using 

TRIzol reagent (Invitrogen, #15596026, Carlsbad, CA). 
Complementary DNA (cDNA) was synthesized using a 
PrimeScript RT Master Mix (Takara, #RR036A, Kyoto, 
Japan). Quantitative real-time PCR was performed using 
TB Green Premix Ex Taq II (Takara, #RR820A) in a 
QuantStudio 5 system (Applied Biosystems, Waltham, 
MA). The following primer sequences (Sangon Biotech, 
Shanghai, China) were used: NLRP3: forward 
5’-CTCAGTGTCCTTGCTGCAAT-3’, reverse 
5’-TCCTGGGACAGTAAGGTGGT-3’; GAPDH: for-
ward 5’-TGACGTGCACATCCGCAAAG-3’, reverse 
5’-CTGGAAGGTGGACAGCGAGG-3’. Relative 
mRNA expression levels were calculated using the 2–ΔΔCt 

method normalized to GAPDH, with all samples run in 
technical triplicate.

Enzyme-linked immunosorbent assay (ELISA)
Serum concentrations of IL-18 and IL-1β were deter-

mined using commercial ELISA kits from MBL (Tokyo, 
Japan; kit number: 7620) and R&D Systems (Minneapolis, 
MN; kit number: HSLB00), with sensitivity limits of 
5.1 pg/ml and 0.1 pg/ml, respectively. According to the 
verification data provided by the manufacturer, the inter-
batch variation coefficients of the above IL-18 and IL-1β 
kits range from 5.21 % to 10.07 % and from 2.4 % to 
4.4 % respectively, indicating that the detection method 
has excellent repeatability. All samples were tested in 
duplicate within the same detection plate to further con-
trol the internal variation of the experiment.

Statistical analysis
Continuous variables were reported as mean ± standard 

deviation for normal distribution or median (interquartile 
range) for non-normal distribution. Categorical variables 
were expressed as frequencies (percentages). For com-
parisons among three groups, one-way analysis of vari-
ance (ANOVA) or Kruskal-Wallis H test was used, with 
Tukey’s or Games-Howell post-hoc tests for pairwise 
comparisons where appropriate. Two-group comparisons 
were performed using an independent t-test or Mann-
Whitney U test. Categorical variables were analysed by 
χ2 or Fisher’s exact test. Correlations between inflamma-
tory markers and liver function parameters were assessed 
using Pearson or Spearman correlation coefficients. 
Independent predictors of liver dysfunction were identi-
fied by multivariate logistic regression, and their dis-

criminative performance was evaluated by receiver op-
erating characteristic (ROC) curves with area under the 
curve (AUC). All statistical analyses were conducted with 
SPSS 26.0 (two-sided P < 0.05 considered significant), 
and graphs were generated using GraphPad Prism 9.0.

Specifically for the final combined predictive model, 
internal validation, calibration and clinical utility were 
assessed as follows. The optimism of the model’s appar-
ent performance was corrected using bootstrap internal 
validation with 1000 resamples. Model calibration was 
evaluated with the Hosmer-Lemeshow goodness-of-fit 
test. The optimal cut-off probability was determined by 
maximizing Youden’s index (J = sensitivity + specificity 
– 1). At this threshold, clinical utility metrics including 
sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) were calculated.

Results

Baseline characteristics of study participants

As shown in Table 1, this study included three groups 
of research subjects: control, NLF, and ALF. Baseline 
characteristics of these groups were compared and anal-
ysed. In terms of demographic indicators, there were no 
significant differences among the three groups in terms 
of age, body mass index (BMI) and primiparous rate. 
However, in terms of liver function indicators, the levels 
of ALT, AST and total bilirubin (TBIL) in the ALF group 
were significantly higher than those in the NLF group 
and the control group (P < 0.001). In terms of viral load, 
the HBV-DNA level in the ALF group was significantly 
higher than that in the NLF group (P < 0.001). Additionally, 
the expression levels of NLRP3, IL-18 and IL-1β in the 
predictive variables were also significantly higher in the 
ALF group than in the other two groups (P < 0.001), 
indicating that these inflammation-related indicators are 
closely related to liver dysfunction.

The expression of NLRP3 and related 
inflammatory factors increased in the ALF group

We used the RT-qPCR method to detect the expression 
level of NLRP3 mRNA. Compared with NLF patients or 
the control group, the mRNA level of NLRP3 in PBMCs 
of ALF patients was higher (P < 0.001, Fig. 1A). ELISA 
assays showed that the levels of IL-18 and IL-1β in the 
serum of ALF patients were significantly higher than 
those of NLF patients or the control group (P < 0.001, 
Fig. 1B–C).

Inflammatory factors vs liver function: 
correlation insights

As shown in Fig. 2, in both the NLF and ALF groups, 
NLRP3, IL-18 and IL-1β were significantly positively 
correlated with liver function impairment indicators (ALT, 
AST) and HBV-DNA (all P < 0.001).

L. Zhang et al.



Vol. 72	 131

Combined inflammatory markers for predicting 
abnormal liver function

This study evaluated the related factors through mul-
tivariate logistic regression analysis (Table 2). The results 
showed that NLRP3, IL-18, IL-1β, ALT and HBV-DNA 
were all independent risk factors for abnormal liver func-
tion. Among them, NLRP3 had the most significant cor-
relation with abnormal liver function, with an odds ratio 
(OR) of 9.683, a 95% confidence interval (CI) of 3.368 – 

27.836 and a P value less than 0.001. In contrast, age, 
BMI and the first birth rate did not show statistical sig-
nificance in this study.

To further evaluate the diagnostic efficacy of these 
markers, ROC curve analysis was conducted in this study 
(Fig. 3). The results indicated that NLRP3 had a high 
predictive value, with an AUC of 0.8204; the AUC values 
of IL-18 and IL-1β were 0.7489 and 0.7826, respec-
tively, and the AUC value of HBV-DNA was 0.7837. 
Notably, when NLRP3, IL-18, IL-1β and HBV-DNA were 

Table 1. Baseline characteristics of the research subjects

Characteristic Control NLF ALF P value
Demographics
 Age (year) 26.72 ± 3.99 27.08. ± 4.36 27.93 ± 4.13 0.420
 BMI (kg/m2) 23.59 ± 2.39 23.94 ± 1.98 23.06 ± 1.91 0.426
 First birth rate, N (%) 13 (32.5 %) 31 (42.46 %) 27 (40.9 %) 0.340
Liver function indicators
 ALT (U/l) 19.57 ± 4.83 56.18 ± 11.77 84.98 ± 11.48 < 0.001
 AST (U/l) 18.91 ± 4.91 45.03 ± 7.87 74.54 ± 8.50 < 0.001
 TBIL (μmol/l) 11.38 ± 2.53 14.75 ± 3.66 22.78 ± 4.81 < 0.001
Viral load indicators
 HBV-DNA (log₁₀ IU/ml) NA 3.97 ± 1.13 6.33 ± 0.31 < 0.001
Predictor variable
 NLRP3 1.02 ± 0.21 1.31 ± 0.32 2.33 ± 0.34 < 0.001
 IL-18 (pg/ml) 122.73 ± 22.42 165.53 ± 37.15 220.02 ± 49.1 < 0.001
 IL-1β (pg/ml) 2.03 ± 0.48 1.27 ± 0.28 8.71 ± 11.63 < 0.001

Abbreviations: ALF – abnormal liver function, BMI – body mass index, ALT – alanine transaminase, AST – aspartate transaminase, 
TBIL – total bilirubin, IL-18 – interleukin 18, IL-1β – interleukin 1β.
Note: The NLF group comprised women whose ALT levels remained ≤ 2×ULN during pregnancy.

Fig. 1. Inter-group comparison and correlation analysis of NLRP3 and inflammatory factor levels. (A) Intergroup com-
parison of the relative expression levels of NLRP3 mRNA. (B) Intergroup comparison of IL-18 concentration. (C) Inter-
group comparison of IL-1β concentration. P***< 0.001.
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analysed jointly, the predictive efficacy was significant-
ly improved, with an AUC value of 0.954, which was 
significantly better than any single indicator.

Table 2. Multivariate logistic regression for risk factors of 
abnormal liver function

Characteristic OR
95% CI

P value
Lower Upper

Age 1.05 0.934 1.179 0.414
BMI 1.05 0.842 1.310 0.664
First birth rate 1.604 0.572 4.495 0.369
ALT 5.602 1.853 16.931 0.002
HBV-DNA 4.245 1.504 11.98 0.006
NLRP3 9.683 3.368 27.836 < 0.001
IL-18 3.453 1.26 9.464 0.016
IL-1β 5.33 1.881 15.102 0.002

Abbreviations: BMI – body mass index, ALT – alanine ami-
notransferase, IL-18 – interleukin 18, IL-1β – interleukin 1β.

Fig. 2. Correlation analysis of NLRP3 with related liver function indicators and cytokines. (A–C) Correlation analysis of 
NLRP3 with ALT, AST and HBV-DNA. (D–F) Correlation analysis of IL-1β with ALT, AST and HBV-DNA. (G–I) Cor-
relation analysis of IL-18 with ALT, AST and HBV-DNA.

Fig. 3. ROC curves for the diagnostic efficacy of NLRP3, 
IL-18, IL-1β, HBV-DNA and their combined analysis

L. Zhang et al.
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The bootstrap-corrected AUC was 0.954 with a 95% 
CI of 0.920 to 0.981. At the optimal cut-off value of 
0.6041 determined by the Youden index, the model dem-
onstrated a sensitivity of 84.8 %, a specificity of 95.9 %, 
a PPV of 94.9 % and an NPV of 87.5 %. The calibration 
of the model, evaluated by the Hosmer-Lemeshow good-
ness-of-fit test, was good (P = 0.803, Table 3).

Discussion
During pregnancy, HBV infection can trigger abnormal 

immune responses, enhanced inflammatory activity and 
fluctuations in hormone levels in pregnant women, there-
by leading to abnormal liver function and an increased 
risk of liver damage (Tang et al., 2025). Therefore, before 
liver function abnormalities occur, especially in the ear-
ly stages of pregnancy, identifying high-risk pregnant 
women is crucial for implementing early intervention, 
optimizing management strategies, and improving the 
prognosis of both mothers and infants.

As a critical intracellular pattern recognition receptor, 
the NLRP3 inflammasome can be directly activated and 
regulated by HBV, positioning it as a central molecular 
switch in virus-induced liver injury (Wan et al., 2024). 
This activation, often triggered by specific viral compo-
nents, leads to the cleavage and release of potent pro-
inflammatory cytokines such as IL-1β and IL-18, there-
by orchestrating the inflammatory cascade within the 
liver (Sayaf et al., 2024). This study found that NLRP3, 
IL-1β and IL-18 were significantly positively correlated 
with HBV-DNA and liver cell damage markers (ALT, 
AST). This result indicates that in pregnant women with 
HBV infection, the NLRP3 inflammasome serves as a 
crucial molecular hub that transforms “viral replication” 
into “liver cell damage”. Because the positive correlation 
between NLRP3 and HBV-DNA confirms that the viral 
load is the core driving factor of the pathway’s activity 
(Verburg et al., 2022), the positive correlation with ALT/
AST verifies that this pathway is the direct effector for 
the inflammatory damage of liver cells. Previous studies 
have shown that when the inflammasome is activated and 

leads to hepatocyte pyroptosis, the cellular contents (in-
cluding ALT/AST) are released into the blood, increasing 
their serum levels. This causal relationship has been 
confirmed in other liver injury models (Zhao et al., 2025). 
Furthermore, clinical studies have confirmed that the 
HBV-DNA load is positively correlated with the ALT 
level. Simultaneously, the detection of these two indica-
tors can effectively reflect the state of viral replication 
and liver cell damage (Sayaf et al., 2024). Another multi-
centre study also pointed out that HBV-DNA is an im-
portant independent influencing factor for immune-me-
diated liver damage in patients with chronic hepatitis B 
(Kim et al., 2024; Wang et al., 2024). In pregnant indi-
viduals, this viral-mediated process may be synergisti-
cally potentiated within the distinct gestational microen-
vironment. The hallmark “dual-phase” immune state is 
characterized by coexisting immune tolerance and phys-
iological inflammation; in conjunction with hormonally 
reprogrammed inflammatory signalling (Joo et al., 2024), 
it may collectively reduce the activation threshold of the 
NLRP3 inflammasome, thereby exerting a potentiating 
“secondary insult” in the context of HBV infection 
(Matias et al., 2021). Therefore, monitoring the activity 
of this pathway may provide a mechanistic perspective 
beyond traditional liver enzymes for evaluating the in-
flammatory load within the liver.

The multivariate logistic regression identified the 
NLRP3 inflammasome as the most prominent indepen-
dent risk factor for liver dysfunction in pregnant women 
with HBV infection, which confers substantial predictive 
value for the clinical outcome. Prior in vitro and clinical 
investigations have confirmed that HBV-derived compo-
nents, including the HBx protein, can trigger NLRP3 
inflammasome activation and subsequent pyroptosis in-
duction, and that the expression levels of NLRP3 and 
IL-1β in hepatic tissue exhibit a positive correlation with 
serum HBV DNA concentrations (Xie et al., 2020). In 
addition, the diagnostic value of IL-18 and IL-1β in this 
study (AUC = 0.7489 and 0.7826, respectively) is con-
sistent with the research conclusion that pro-inflamma-
tory factors are auxiliary indicators of liver inflammation 
activity (Osman et al., 2024). As downstream effector 
molecules of the NLRP3 pathway, their abnormal expres-
sion is a direct manifestation of the activation of the in-
flammasome, and their combined detection with NLRP3 
can reflect the entire activation process of the pathway, 
which provides a more comprehensive reference for 
judging the degree of liver inflammatory injury than a 
single factor (Sayaf et al., 2024).

The most important finding of this study is that the 
combined model of NLRP3/IL-18/IL-1β/HBV-DNA has 
significantly improved the diagnostic efficacy for abnor-
mal liver function (AUC = 0.954), which is significantly 
higher than any single indicator, and the bootstrap resam
pling validation (corrected AUC = 0.954, 95% CI : 
0.920–0.981) and Hosmer-Lemeshow test (P = 0.803) 
confirmed the good robustness and calibration of the 
model. This result fully reflects the advantages of com-
bining inflammatory pathway markers and viral replica-

Table 3. Diagnostic performance of the combined biomar
ker model

Metric Value Note / 95% CI
Corrected AUC) 0.954 0.920–0.981
Hosmer-Lemeshow 0.803 -
Optimal cut-off 
probability

0.6041 (Determined by maximizing 
the Youden index)

Sensitivity 84.8 % -
Specificity 95.9 % -
PPV 94.9 % -
NPV 87.5 % -

Note: PPV – positive predictive value, NPV – negative predictive 
value.
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tion markers in improving the diagnostic accuracy of 
HBV-associated liver function abnormality and is sig-
nificantly superior to the diagnostic efficacy of existing 
HBV-related marker combination models.

Existing studies on HBV-related liver disease diagno-
sis mostly focus on combinations of viral markers or 
traditional indicators. A systematic review of 14 estab-
lished models for hepatocellular carcinoma risk prediction 
in chronic hepatitis B revealed that their discriminative 
performance, while acceptable, has a conventional ceil-
ing, with pooled AUC values predominantly ranging 
between 0.70 and 0.83 (Wu et al., 2021). This range is 
reflective of the efficacy plateau seen in many serum 
marker-based models for HBV-related conditions, under-
scoring the need for novel approaches to achieve supe-
rior diagnostic accuracy. In contrast, the combined mod-
el in this study innovatively integrates the core factors of 
the NLRP3 inflammatory pathway with the classic viral 
marker HBV-DNA, making the diagnostic efficacy reach 
more than 0.95, which fills the gap in the research of 
combining inflammasome pathway markers with viral 
markers for the diagnosis of HBV-associated abnormal 
liver function. In addition, the good calibration of the 
model (Hosmer-Lemeshow P = 0.803) is also consistent 
with the evaluation standard of an ideal clinical prediction 
model in existing studies, indicating that the predicted 
probability of the model is highly consistent with the 
actual clinical occurrence probability, and it has good 
clinical applicability.

This study still has certain limitations: first, it is a 
single-centre study, and the sample size may limit the 
generalizability of the results, and multi-centre and large-
sample prospective studies are needed for further verifi-
cation; second, the study only conducted internal valida-
tion of the model through bootstrap resampling, and the 
external validation of different populations (such as dif-
ferent HBV infection stages, combined with other liver 
diseases) is lacking, which is the focus of subsequent 
research; third, the study only explored the diagnostic 
value of the NLRP3 pathway and viral markers, and the 
optimization of the model needs to be further studied. In 
the future, we will expand the sample size and carry out 
multi-centre external validation, and further explore the 
regulatory mechanism of the NLRP3 pathway in HBV-
associated liver injury, in order to provide more compre-
hensive evidence for the clinical application of the mod-
el and the development of targeted therapies.
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