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Background: Inflammation is a critical component in the process of resolved hepatitis B virus (HBV) infection. The neutrophil-to-lymphocyte ratio (NLR) serves as a sensitive indicator of systemic inflammation and immune activation. Our study aimed to investigate the correlation between elevated NLR levels and the risk of all-cause mortality in patients with resolved HBV infection. Additionally, we evaluated the potential mediating effect of diabetes mellitus (DM) on this correlation.

Methods: Our study enrolled 1,146 adult patients with resolved HBV infection from the National Health and Nutrition Examination Survey (NHANES) between 1999 and 2018. We utilized the Restricted Cubic Splines (RCS) and Maximum Selection Rank Statistical Method (MSRSM) to analyze the relationship between the NLR and the risk of all-cause mortality. The impact of NLR was evaluated using a weighted multivariate Cox regression model, and the model’s predictive accuracy was assessed using time-dependent Receiver Operating Characteristic (ROC) curves. An intermediary analysis was conducted to explore the potential influence of DM on the observed relationship.

Results: During follow-up period of 103.54 ± 4.90 months, we recorded 207 deaths among the study participants. The analysis using the RCS method revealed a significant positive correlation between the NLR and the risk of all-cause mortality. Those with elevated NLR levels faced a substantially higher mortality risk compared to those with lower levels, as indicated by a Hazard Ratio (HR) of 1.84, with a 95% Confidence Interval (CI) of 1.17 to 2.89 (p < 0.05). The predictive accuracy of the model was substantial, as evidenced by the Area Under the Curve (AUC) for ROC curves at 3, 5, and 10 years, which were 0.873, 0.870, and 0.862, respectively. Furthermore, mediation analysis indicated that DM significantly influenced the relationship between the NLR and mortality, with a mediation effect of 6.57% (95% Confidence Interval [CI]: 0.64 to 15%; p = 0.02).

Conclusion: Elevated NLR is significantly associated with an increased risk of all-cause mortality in patients with resolved HBV infection. Concurrently, DM acts as a partial mediator of this association.
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1 Background

Hepatitis B virus (HBV) infection is recognized as a significant global health challenge (1, 2). The principal therapeutic endpoint in the management of chronic HBV infection is the seroclearance of hepatitis B surface antigen (HBsAg) from serum, a criterion that defines the achievement of a “functional cure.” However, even with the clearance of HBsAg, the complete eradication of HBV may not be possible due to the presence of covalently closed circular DNA (cccDNA) and the integration of HBV DNA into the host genome (3). Consequently, there is still a risk of HBsAg seroconversion, HBV reactivation, liver cirrhosis, and hepatocellular carcinoma (4). Resolved HBV infection denotes a stage characterized by viral elimination, marked by undetectable serum HBsAg and the presence of HBcAb seropositivity (4, 5). Despite affecting approximately 9.87 million US adults (6), this condition is often overlooked. Individuals with resolved HBV infection have higher mortality rates compared to those without chronic liver disease (7). A cohort study in the United States documented 741 fatalities over a span of 10.3 years, equating to a mortality rate of 21.4 percent (7). However, research on mortality and predictive factors for resolved HBV infection is scarce.

The NLR is an emerging biomarker for systemic inflammation, which could better reflect the state of systemic inflammation than a single indicator (8). Neutrophils play a critical role in the innate immune response. They secrete cytokines and chemokines that aid in the recruitment, activation, and coordination of other immune cells. In the pathogenesis of systemic inflammatory response syndrome, these secreted factors are essential for the function of dendritic cells, CD4+ T cells, and CD8+ T cells (9). Lymphocytes, pivotal for immune surveillance, are essential for combating external pathogens and monitoring cellular alterations (10). Fluctuations in lymphocyte counts are significant for assessing immune function and exert a critical regulatory influence on systemic inflammatory processes. The NLR indicates a balance between inflammatory and immune regulatory states and has shown significant prognostic value in diseases such as ulcerative colitis (11), liver failure (9), hemodialysis (12), and autoimmune encephalitis (13), highlighting its potential for further development and clinical application. Meanwhile, the relationship between diabetes and HBV infection remains a contentious issue. Previous research has identified HBV infection as a potential risk factor which could increase the risk of diabetes by 33 percent (14). However, some studies paradoxically suggest a protective effect of HBV against diabetes (15).

Despite a growing interest in the NLR as a prognostic indicator, there is a notable dearth of studies that establish its predictive value for patients with resolved hepatitis B infection. Furthermore, the intermediary role of diabetes remains to be elucidated. This study aims to investigate the link between the NLR score and all-cause mortality in resolved hepatitis B patients, as well as to explore the potential mediating effect of diabetes. The results will offer new assessment metrics for clinical evaluation, thereby aiding in the enhancement of clinical management for this patient cohort.



2 Methods


2.1 Study population

The NHANES, conducted by the Centers for Disease Control and Prevention, is a comprehensive cross-sectional study designed to assess the health and nutritional status of a sample representative of the U.S. population. This assessment encompasses interviews, physical examinations, dietary surveys, and laboratory tests. The study protocol has received formal approval from the National Center for Health Statistics Institutional Review Board, and all participants have provided informed consent.

The research data were extracted from the NHANES program cycles conducted from 1999 to 2018. Participants were excluded based on the following criteria: (a) age under 18 years; (b) pregnancy; (c) do not meet the definition criteria for resolved HBV patients; (d) lost to follow-up; (e) individuals with less than 12 months of follow-up; (f) missing data for any covariates. Ultimately, 1,146 participants were included in the final analysis (Figure 1). Since this study does not involve exposure to personal identity information, it was approved by the National Center for Health Statistics Research Ethics Review Board, thus no additional ethical review was required.
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FIGURE 1
 The flow chart of participants inclusion and exclusion in current study.




2.2 Definition and measurement of resolved HBV infection and blood cell counts

Drawing on prior research, resolved HBV infection is characterized by the absence of detectable HBsAg and the presence of antibodies to hepatitis B core antigen (anti-HBc) (7). Details regarding the definition and laboratory procedures for anti-HBs positivity, as well as the criteria for eligible samples, are available in the NHANES Laboratory Methods Manual (6). The complete blood count is a routine blood test that provides a comprehensive health assessment and can reveal various conditions. The NLR is calculated by dividing the neutrophil count by the lymphocyte count (15).



2.3 All-cause mortality and other variables

The mortality data in this study was derived from the public-use linked mortality file released by NHANES in 2019. Deaths occurring before 1998 were categorized based on the ICD-9 classification system, while those from 1998 onwards were encoded according to the updated ICD-10 standards. The primary endpoint of this study was all-cause mortality, which includes death events from a variety of causes. This analysis utilized an anonymized dataset for secondary research. Data was collected from face-to-face interviews conducted by NHANES staff in participants’ homes, gathering demographic and health-related information, including age, gender, ethnicity, education level, marital status, and household income. At the mobile examination centers, participants’ height, weight, waist circumference, and body mass index (BMI) were measured. BMI is calculated as weight in kilograms divided by the square of height in meters, categorized as <18.5, 18.5–25, 25–30, and ≥30 kg/m2. Ethnicity was categorized as follows: Non-Hispanic Black(Black), Mexican American(Mexican), Non-Hispanic White(White), Other Hispanic(Hispanic), and Other Race-Including Multi-Racial(Other). Educational level was stratified into: college degree or above, high school or equivalent, and less than high school. Drinking history is categorized as present or absent. The FIB-4 score was calculated using the formula:FIB-4 = AST (IU/L) × age (years)/[PLT count (109 /L) × [image: image]ALT (IU/L)]. Smoking history was categorized into three groups: never (those who have smoked fewer than 100 cigarettes in their lifetime), Former (those who have smoked 100 or more cigarettes but are not currently smoking), and Current (those who have smoked 100 or more cigarettes and currently smoke on some days or daily). The Poverty Income Ratio (PIR) was calculated by dividing the total household income by the poverty line standard and was stratified as: ≤1.0, 1.0–3.0, and >3.0. Alanine transaminase (ALT), Aspartate aminotransferase (AST), Alkaline phosphatase (ALP), Gamma Glutamyl Transferase (GGT), Serum Creatinine (SCR), and Albumin are obtained from laboratory test results. DM is defined as: being told by a healthcare professional that you have diabetes; a glycated hemoglobin HbA1c of ≥6.5%, a fasting blood glucose of ≥7.0 mmoL/L, a random blood glucose of ≥11.1 mmoL/L, or a 2-h OGTT blood glucose of ≥11.1 mmoL/L; or the use of diabetes medication or insulin. Cardiovascular disease is defined as: ever being told you had coronary heart disease; ever being told you had angina/angina pectoris; ever being told you had a heart attack.



2.4 Statistical analysis

In this study, we leveraged NHANES examination weights to ensure our analysis accurately represented the U.S. civilian non-institutionalized population across survey cycles from 1999–2000 to 2017–2018, following the NHANES Analytic Guidelines1, 2. Baseline characteristics were assessed using chi-square test or one-way ANOVA, with categorical data expressed as percentages and 95% CI, and continuous data as mean ± standard deviation. The ‘maxstat’ package was employed to determine the optimal NLR cutoff, distinguishing participants based on NLR levels. We explored the linear association between NLR and all-cause mortality in hypertensive patients using RCS models and evaluated the independent association between NLR and mortality in resolved HBV patients with weighted Cox proportional hazards models. Results were stratified into three models adjusting for various demographic and clinical parameters. Survival probabilities were assessed using the Kaplan–Meier method and log-rank tests, while the ‘timeROC’ package was used to evaluate NLR’s predictive accuracy for survival outcomes. Mediation analysis was conducted to investigate the indirect effects of DM on the relationship between NLR and all-cause mortality in resolved HBV patients. All statistical analyses were performed using R version 4.4 (R Foundation for Statistical Computing, Vienna, Austria). A two-tailed p-value of less than 0.05 was considered statistically significant.




3 Results


3.1 General characteristics

From 1999 to 2018, this study enrolled a total of 1,146 individuals with resolved HBV infection, with an average age of 54.30 ± 0.61 years. Males accounted for 57.92% (50.25, 65.59%) of the participants, while females accounted for 42.08% (35.37, 48.79%). As depicted in Figure 2, the optimal cutoff value for NLR was identified as 2.88, which divided the participants into a high NLR group (NLR > 2.88, n = 172) and a low NLR group (NLR ≤ 2.88, n = 974) (Figure 2). Participants in the high NLR group had a higher proportion of whites and exhibited higher white blood cell and neutrophil counts (p < 0.0001), as well as lower lymphocyte counts (p < 0.0001) compared to the low NLR group. Further characteristics of the participants are detailed in Table 1.
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FIGURE 2
 The cutoff point was calculated using the maximally selected rank statistics based on the ‘maxstat’ package and Standardized Log-Rank Statistic.




TABLE 1 Characteristic of participants.
[image: Table1]



3.2 Association between NLR and all-cause mortality

During an average follow-up duration of 103.54 ± 4.90 months, 207 out of 1,146 individuals with resolved HBV infection succumbed to death, representing about 18.06% of the cohort. The high NLR group exhibited a higher mortality rate compared to the low NLR group (Table 1). As demonstrated in Table 2, the unadjusted model revealed that an increase in the NLR was significantly associated with a substantial rise in the risk of all-cause mortality (HR = 2.67, 95% CI: 1.86–3.84, p < 0.0001). Table 3 further illustrates that, after multivariable adjustment, each unit increase in NLR was associated with an 86% increase in the risk of all-cause mortality in Model 1 (HR = 1.86, 95% CI: 1.15–3.00, p < 0.0001), a 77% increase in Model 2 (HR = 1.77, 95% CI: 1.05–2.97, p < 0.05), and a 72% increase in Model 3 (HR = 1.72, 95% CI: 1.04–2.86, p < 0.05). Considering that the resolved HBV infection cohort in this study is predominantly composed of the white population, we specifically adjusted for ethnicity to eliminate potential biases in the study outcomes. As shown in Supplementary Table S1, after excluding the white population, a significant association between high NLR and the risk of all-cause mortality in resolved HBV patients among other ethnic groups still persists. Cox regression analysis demonstrated that the risk for all-cause mortality significantly increased in the higher-NLR group from the crude model (HR 2.53, 95% CI 1.63–3.94, p < 0.0001) to the adjusted models (Models 1, 2, and 3) (HR 2.08, 95% CI 1.22–3.56, p = 0.01; HR 1.76, 95% CI 1.10–2.82, p = 0.02; HR 1.84, 95% CI 1.17–2.89, p = 0.01). Similarly, as shown in Supplementary Table S2, after excluding the impact of trauma/accidents and performing multivariable model adjustments, we ultimately found that the results were consistent with the trends of our aforementioned findings.



TABLE 2 Subgroup analyses of NLR and mortality risk in participants.
[image: Table2]



TABLE 3 The relationships between NLR and mortality in participants with resolved HBV.
[image: Table3]

The use of RCS analysis confirmed a positive linear correlation between the NLR and the risk of all-cause mortality in patients with resolved HBV infection (non-linear p < 0.001), as shown in Figure 3. Additionally, Kaplan–Meier survival curves indicated a significant difference in all-cause mortality rates between the high and low NLR groups (p < 0.0001), with the high NLR group exhibiting a lower survival rate (Figure 4).

[image: Figure 3]

FIGURE 3
 The association of NLR with all-cause mortality in participants with resolved HBV visualized by RCS.


[image: Figure 4]

FIGURE 4
 Kaplan–Meier survival curves and at-risk population proportions (%) for resolved HBV infected patients with higher (>2.88) and lower (≤2.88) NLR value.




3.3 ROC analysis for NLR in resolved HBV mortality prediction

Time-dependent ROC analysis was used to evaluate the predictive power of NLR for all-cause mortality in individuals with resolved HBV infection. The analysis revealed that the AUC for NLR in predicting the risk of all-cause mortality at 3, 5, and 10 years was 0.873 (95% CI: 0.824–0.922), 0.870 (95% CI: 0.823–0.917), and 0.862 (95% CI: 0.824–0.900), respectively (Figure 5). These findings indicate that NLR serves as a significant predictor of all-cause mortality risk, demonstrating both short-term and long-term effectiveness in the resolved HBV infection population.

[image: Figure 5]

FIGURE 5
 Time-dependent ROC curves and time-dependent AUC values (with 95% confidence band) of the NLR for predicting all-cause mortality (A sensitivity and B AUC).




3.4 Mediating effect of diabetes on NLR and all-cause mortality in resolved HBV patients

Excluding mediator variables, the direct effect of NLR on all-cause mortality in individuals with resolved HBV infection is significant (Table 3). Furthermore, when DM is included as a mediating variable in the model, a significant mediating effect of DM on the relationship between NLR and all-cause mortality in resolved HBV patients is observed (β = −0.5097, p < 0.001). Additionally, NLR significantly influences the presence of diabetes (β = 0.45195, p = 0.0143). After conducting proportional mediation analysis, it is found that DM accounts for 6.57% (0.64–15%) of the all-cause mortality in resolved HBV patients (p = 0.02, Figure 6). This proportion indicates that DM plays a partial mediating role in the relationship between NLR and all-cause mortality in individuals with resolved HBV infection. However, as Supplementary Figure S1 shows, our subgroup analysis results indicate that the mediating effect of DM in this study is statistically significant in the white group, while the mediating effect in other ethnic groups is not statistically significant.
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FIGURE 6
 Mediation path diagram: the impact of DM on the association between NLR ratio changes and survival in resolved HBV infected patients.





4 Discussion

In the context of HBV infection treatment and prognosis assessment, the population with resolved HBV infection appears to be overlooked. Previous reports have highlighted the occurrence of de novo hepatitis caused by resolved HBV infection in liver transplant recipients (16–19). Crespo et al. (20) described a case of acute liver failure in a patient with resolved HBV infection following liver transplantation. Current research primarily focuses on the risk of HBV reactivation in patients undergoing immunosuppressive therapy (7, 21–23). Huang et al. (7) demonstrated that the presence of anti-HBs antibodies is associated with a reduced risk of HBV reactivation. Patients with resolved HBV infection who experience reactivation are at risk of severe liver complications, including liver failure and death (21, 24, 25). Consequently, this underscores the necessity for enhanced public health surveillance and the development of additional risk prediction models and prognostic indicators for patients with resolved HBV infection.

In chronic HBV infection, neutrophil and lymphocyte dynamics are intricately linked to viral immune modulation and hepatic pathology. Neutrophilia correlates with systemic inflammation, whereas lymphopenia signifies compromised cellular immunity (25, 26). An elevated NLR, indicative of systemic inflammation, is associated with enhanced hepatic inflammation and fibrosis progression in HBV infection (27, 28). In resolved HBV patients, NLR may predict liver inflammation and extrahepatic inflammatory complications, potentially impacting long-term survival. Elevated NLR reflects persistent inflammation and immune dysregulation, which could be linked to covert liver disease progression, metabolic syndrome, and increased cardiovascular risk, thereby influencing all-cause mortality (29–31). Our study finds that NLR correlates with all-cause mortality in patients with resolved HBV infection. Elevated NLR is significantly linked to resolved HBV and independently predicts patient survival. This association remains significant even after adjusting for common risk factors, highlighting NLR’s potential as a biomarker for patient management and clinical outcomes.

In a large cohort study based on population data from Taiwan and Hong Kong, DM was identified as one of the independent risk factors for disease progression in patients with chronic hepatitis B (CHB) (32). Another study reveals that patients with CHB who also have diabetes are at an elevated risk of all-cause mortality compared to those without diabetes, suggesting a potential link between diabetes and the progression of hepatitis B (33). This association may be mediated through multiple mechanisms. Hyperglycemia and insulin resistance, which are hallmark features of DM, are known to exacerbate liver damage by promoting inflammation, lipotoxicity, and oxidative stress pathways (34, 35). Moreover, in patients with CHB, the presence of DCHBM may intensify liver inflammation and fibrosis (36). Regarding potential mechanisms, DM may lead to metabolic disorders in the liver, thereby affecting the liver’s immune control of HBV, which could promote viral replication and the progression of liver disease (37). Additionally, the characteristics of metabolic syndrome in patients with DM, such as hypertension and dyslipidemia, may also be associated with an increased risk of all-cause mortality in patients with CHB (38). However, these viewpoints require further research evidence to be proven. Our research indicates that DM partially mediates the impact of NLR on all-cause mortality in the resolved HBV infection population, and diabetes is also a risk factor for all-cause mortality in this group. Based on these results, we infer that improving diabetes status is likely to help reduce the mortality risk in this population. Therefore, we recommend that clinicians incorporate diabetes-related indicators, such as blood glucose levels, into the follow-up metrics for this group.

This study carries certain limitations. Firstly, the retrospective nature of the study may introduce selection bias. Furthermore, the inherent constraints of the NHANES database result in an absence of detailed records concerning the collection phase of neutrophil and lymphocyte data, preventing the determination of the specific stage within the infection cycle at which these data were collected in patients with resolved hepatitis B. Additionally, the database lacks HBV DNA results and data on patients with resolved hepatitis B from the periods 2000–2003 and 2004–2013. These limitations may further affect the generalizability of the results. We accounted for multiple covariates, but unknown confounding factors may still impact the precision of our conclusions. Nonetheless, this study provides valuable references for research in the relevant field. Therefore, it would be beneficial for future studies to employ prospective methods to further explore the relationship between the NLR and mortality rates in patients with resolved HBV infection. This approach would help to confirm the efficacy of NLR as a predictive marker for resolved hepatitis B and solidify the scientific basis for clinical diagnosis and treatment protocols.



5 Conclusion

In summary, our analysis of 1,146 resolved HBV patients from the NHANES database (1999–2018) revealed an association between NLR and the risk of all-cause mortality in these patients during long-term follow-up. Our findings underscore the importance of incorporating NLR into routine clinical practice as a biomarker for predicting all-cause mortality in resolved HBV patients. Additionally, our results suggest that DM plays a partial mediating role in the relationship between NLR and all-cause mortality in resolved HBV patients. This indicates that resolved HBV patients with comorbid DM should receive increased attention in clinical practice.



Data availability statement

Publicly available datasets were analyzed in this study. The National Health and Nutrition Examination Survey (NHANES) data are publicly available at https://www.cdc.gov/nchs/nhanes/index.htm.



Ethics statement

The survey protocol of this study has been approved by the Institutional Review Board of the National Center for Health Statistics. All individuals participating in this research have provided their informed consent. Given the nature and context of this investigation, the Institutional Review Board of our institution has granted an exemption for this study.



Author contributions

CQ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Supervision. CY: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Software, Visualization, Writing – original draft. LY: Conceptualization, Data curation, Formal analysis, Writing – original draft, Funding acquisition, Investigation, Methodology, Resources. SL: Conceptualization, Data curation, Formal analysis, Writing – original draft, Investigation, Methodology, Funding acquisition, Resources. QZ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Validation. SJ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Resources. WW: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft. ZJ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. DY: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the grants from Natural Science Foundation of Jilin Province (20220203130SF, YDZJ202401255ZYTS, and YDZJ202301ZYTS043).



Acknowledgments

The authors express heartfelt thanks to all participants and staff members of the NHANES project, whose valuable efforts and support are vital to the conduct of this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1493439/full#supplementary-material



Abbreviations


HBV, Hepatitis B virus; NLR, neutrophil-to-lymphocyte ratio; DM, Diabetes Mellitus; NHANES, National Health and Nutrition Examination Survey; RCS, Restricted Cubic Splines; MSRSM, Maximum Selection Rank Statistical Method; ROC, Receiver Operating Characteristic; HR, Hazard Ratio; AUC, Area Under the Curve; HBsAg, Hepatitis B surface antigen; cccDNA, Covalently closed circular DNA; PIR, Poverty Income Ratio; ALT, Alanine transaminase; AST, Aspartate Aminotransferase; ALP, Alkaline Phosphatase; GGT, Gamma Glutamyl Transferase; SCR, Serum Creatinine; IFN, Interferon; CHB, chronic hepatitis B.




Footnotes

1   https://wwwn.cdc.gov/nchs/nhanes/tutorials/weighting.aspx

2   https://websites.umich.edu/~surveymethod/asda/



References

 1. Liu, Z, Lin, C, Mao, X, Guo, C, Suo, C, Zhu, D , et al. Changing prevalence of chronic hepatitis B virus infection in China between 1973 and 2021: a systematic literature review and meta-analysis of 3740 studies and 231 million people. Gut. (2023) 72:2354–63. doi: 10.1136/gutjnl-2023-330691 

 2. Cui, F, Blach, S, Manzengo Mingiedi, C, Gonzalez, MA, Sabry Alaama, A, Mozalevskis, A , et al. Global reporting of progress towards elimination of hepatitis B and hepatitis C. Lancet Gastroenterol Hepatol. (2023) 8:332–42. doi: 10.1016/S2468-1253(22)00386-7 

 3. Ioannou, GN, and Hepatitis, B. Virus in the United States: infection, exposure, and immunity rates in a nationally representative survey. Ann Intern Med. (2011) 154:319–28. doi: 10.7326/0003-4819-154-5-201103010-00006 

 4. Mücke, MM, Backus, LI, Mücke, VT, Coppola, N, Preda, CM, Yeh, ML , et al. Hepatitis B virus reactivation during direct-acting antiviral therapy for hepatitis C: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol. (2018) 3:172–80. doi: 10.1016/S2468-1253(18)30002-5 

 5. Kusumoto, S, Arcaini, L, Hong, X, Jin, J, Kim, WS, Kwong, YL , et al. Risk of HBV reactivation in patients with B-cell lymphomas receiving obinutuzumab or rituximab immunochemotherapy. Blood. (2019) 133:137–46. doi: 10.1182/blood-2018-04-848044 

 6. Huang, S-W, Chen, C, Kong, H-Y, and Huang, J-Q. Prevalence of cirrhosis/advanced fibrosis among HBsAg-negative and HBcAb-positive US adults: a Nationwide population-based study. Infect Dis Ther. (2022) 11:1901–16. doi: 10.1007/s40121-022-00680-2 

 7. Huang, S-W, Li, X-T, Chen, C, Ning, Q, and Huang, J-Q. Effect of anti-HBs on mortality among resolved HBV infection: a population-based prospective cohort study. Infect Dis Ther. (2023) 12:871–90. doi: 10.1007/s40121-023-00766-5 

 8. Song, M, Graubard, BI, Rabkin, CS, and Engels, EA. Neutrophil-to-lymphocyte ratio and mortality in the United States general population. Sci Rep. (2021) 11:464. doi: 10.1038/s41598-020-79431-7 

 9. Wang, N, He, S, Zheng, Y, and Wang, L. The value of NLR versus MLR in the short-term prognostic assessment of HBV-related acute-on-chronic liver failure. Int Immunopharmacol. (2023) 121:110489. doi: 10.1016/j.intimp.2023.110489 

 10. Buonacera, A, Stancanelli, B, Colaci, M, and Malatino, L. Neutrophil to lymphocyte ratio: an emerging marker of the relationships between the immune system and diseases. Int J Mol Sci. (2022) 23:3636. doi: 10.3390/ijms23073636 

 11. Fu, W, Fu, H, Ye, W, Han, Y, Liu, X, Zhu, S , et al. Peripheral blood neutrophil-to-lymphocyte ratio in inflammatory bowel disease and disease activity: a meta-analysis. Int Immunopharmacol. (2021) 101:108235. doi: 10.1016/j.intimp.2021.108235 

 12. Mayne, KJ, Lees, JS, Rutherford, E, Thomson, PC, Traynor, JP, Dey, V , et al. Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios: associations with mortality in a haemodialysis cohort. Clin Kidney J. (2023) 16:512–20. doi: 10.1093/ckj/sfac248 

 13. Liu, Z, Li, Y, Wang, Y, Zhang, H, Lian, Y, and Cheng, X. The neutrophil-to-lymphocyte and monocyte-to-lymphocyte ratios are independently associated with the severity of autoimmune encephalitis. Front Immunol. (2022) 13:911779. doi: 10.3389/fimmu.2022.911779 

 14. Cai, C, Zeng, J, Wu, H, Shi, R, Wei, M, Gao, Y , et al. Association between hepatitis B virus infection and diabetes mellitus: a meta-analysis. Exp Ther Med. (2015) 10:693–8. doi: 10.3892/etm.2015.2537 

 15. Yu, Y, Tong, K, Hu, G, Yang, X, Wu, J, Bai, S , et al. Love-hate relationship between hepatitis B virus and type 2 diabetes: a Mendelian randomization study. Front Microbiol. (2024) 15:1378311. doi: 10.3389/fmicb.2024.1378311 

 16. Chazouillères, O, Mamish, D, Kim, M, Carey, K, Wright, TL, Ferrell, L , et al. “Occult” hepatitis B virus as source of infection in liver transplant recipients. Lancet. (1994) 343:142–6. doi: 10.1016/S0140-6736(94)90934-2 

 17. Crespo, J, Fábrega, E, Casafont, F, Rivero, M, De Las Heras, G, De La Peña, J , et al. Severe clinical course of de novo hepatitis B infection after liver transplantation. Liver Transpl Surg. (1999) 5:175–83. doi: 10.1002/lt.500050301 

 18. Paul, S, Saxena, A, Terrin, N, Viveiros, K, Balk, EM, and Wong, JB. Hepatitis B virus reactivation and prophylaxis during solid tumor chemotherapy: a systematic review and Meta-analysis. Ann Intern Med. (2016) 164:30–40. doi: 10.7326/M15-1121 

 19. Gao, M, Xu, L, Li, Y, Wang, X, Chen, P, Shi, SF , et al. Hepatitis B virus status and clinical outcomes in IgA nephropathy. Kidney Int Rep. (2024) 9:1057–66. doi: 10.1016/j.ekir.2024.01.009 

 20. Paul, S, Dickstein, A, Saxena, A, Terrin, N, Viveiros, K, Balk, EM , et al. Role of surface antibody in Hepatitis B reactivation in patients with resolved infection and hematologic malignancy: a meta-analysis. Hepatology. (2019) 66:379–88. doi: 10.1002/hep.29082

 21. Oh, JH, Park, DA, Ko, MJ, Yoo, J-J, Yim, SY, Ahn, JH , et al. Direct-acting antivirals and the risk of Hepatitis B reactivation in Hepatitis B and C co-infected patients: a systematic review and Meta-analysis. J Pers Med. (2022) 12:1957. doi: 10.3390/jpm12121957 

 22. Singhal, A, and Kumar, S. Neutrophil and remnant clearance in immunity and inflammation. Immunology. (2022) 165:22–43. doi: 10.1111/imm.13423 

 23. Bostick, JW, and Zhou, L. Innate lymphoid cells in intestinal immunity and inflammation. Cell Mol Life Sci. (2016) 73:237–52. doi: 10.1007/s00018-015-2055-3 

 24. Targher, G, Bertolini, L, Rodella, S, Zoppini, G, Lippi, G, Day, C , et al. Non-alcoholic fatty liver disease is independently associated with an increased prevalence of chronic kidney disease and proliferative/laser-treated retinopathy in type 2 diabetic patients. Diabetologia. (2008) 51:444–50. doi: 10.1007/s00125-007-0897-4 

 25. Peng, Y, Li, Y, He, Y, Wei, Q, Xie, Q, Zhang, L , et al. The role of neutrophil to lymphocyte ratio for the assessment of liver fibrosis and cirrhosis: a systematic review. Expert Rev Gastroenterol Hepatol. (2018) 12:503–13. doi: 10.1080/17474124.2018.1463158 

 26. Qiu, Z, Huang, C, Xu, C, and Xu, Y. Predictive role of neutrophil-to-lymphocyte ratio in metabolic syndrome: meta-analysis of 70,937 individuals. BMC Endocr Disord. (2024) 24:155. doi: 10.1186/s12902-024-01689-z 

 27. Fisicaro, P, Barili, V, Montanini, B, Acerbi, G, Ferracin, M, Guerrieri, F , et al. Targeting mitochondrial dysfunction can restore antiviral activity of exhausted HBV-specific CD8 T cells in chronic hepatitis B. Nat Med. (2017) 23:327–36. doi: 10.1038/nm.4275 

 28. Trtica Majnarić, L, Guljaš, S, Bosnić, Z, Šerić, V, and Wittlinger, T. Neutrophil-to-lymphocyte ratio as a cardiovascular risk marker may be less efficient in women than in men. Biomol Ther. (2021) 11:528. doi: 10.3390/biom11040528 

 29. Hsu, Y-C, Yip, TC-F, Ho, HJ, Wong, VW-S, Huang, Y-T, el-Serag, HB , et al. Development of a scoring system to predict hepatocellular carcinoma in Asians on antivirals for chronic hepatitis B. J Hepatol. (2018) 69:278–85. doi: 10.1016/j.jhep.2018.02.032 

 30. Shyu, Y, Huang, T, Chien, C, Yeh, C, Lin, C, Chen, R , et al. Diabetes poses a higher risk of hepatocellular carcinoma and mortality in patients with chronic hepatitis B: a population-based cohort study. J Viral Hepat. (2019) 26:718–26. doi: 10.1111/jvh.13077 

 31. El-Serag, HB, Hampel, H, and Javadi, F. The association between diabetes and hepatocellular carcinoma: a systematic review of epidemiologic evidence. Clin Gastroenterol Hepatol. (2006) 4:369–80. doi: 10.1016/j.cgh.2005.12.007 

 32. Xie, J. Global burden and trends of primary liver Cancer attributable to comorbid type 2 diabetes mellitus among people living with Hepatitis B: an observational trend study from 1990 to 2019. J Epidemiol Glob Health. (2024) 14:398–410. doi: 10.1007/s44197-024-00237-1 

 33. Huang, S, and Kao, J. The interplay between chronic hepatitis B and diabetes mellitus: a narrative and concise review. Kaohsiung J Med Sci. (2024) 40:6–10. doi: 10.1002/kjm2.12762 

 34. Wu, C-S, Lai, M-S, Gau, SS-F, Wang, S-C, Tsai, H-J, and Multhoff, G. Concordance between patient self-reports and claims data on clinical diagnoses, medication use, and health system utilization in Taiwan. PLoS One. (2014) 9:e112257. doi: 10.1371/journal.pone.0112257

 35. Huang, T-S, Lin, C-L, Shyu, Y-C, Yeh, C-T, Liang, K-H, Sun, C-C , et al. Diabetes, hepatocellular carcinoma, and mortality in hepatitis C-infected patients: a population-based cohort study. J Gastroenterol Hepatol. (2017) 32:1355–62. doi: 10.1111/jgh.13670

 36. Marzo, B, Vidal-Jordana, A, Castilló, J, Robles-Sanchez, M-A, Otero-Romero, S, Tintore, M , et al. Hepatitis B reactivation is a rare event among patients with resolved infection undergoing anti-CD20 antibodies in monotherapy without antiviral prophylaxis: results from the HEBEM study. J Neurol. (2024) 271:134–40. doi: 10.1007/s00415-023-11973-y 

 37. Yang, Y, Zeng, J, Zhang, T, Wang, J, Fan, X, Wang, Q , et al. Association between resolved hepatitis B virus infection and femoral and spinal bone mineral density in American adults: a cross-sectional study. Front Endocrinol. (2023) 14:1237618. doi: 10.3389/fendo.2023.1237618 

 38. Dong, G, Gan, M, Xu, S, Xie, Y, Zhou, M, and Wu, L. The neutrophil–lymphocyte ratio as a risk factor for all-cause and cardiovascular mortality among individuals with diabetes: evidence from the NHANES 2003–2016. Cardiovasc Diabetol. (2023) 22:267. doi: 10.1186/s12933-023-01998-y 


Copyright
 © 2025 Qiu, Yu, Yang, Liu, Zhang, Jia, Wang, Jin and Yu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The neutrophil–lymphocyte ratio as a risk factor for all-cause mortality among individuals with resolved HBV infection: evidence from the NHANES 1999–2018



		1 Background



		2 Methods



		2.1 Study population



		2.2 Definition and measurement of resolved HBV infection and blood cell counts



		2.3 All-cause mortality and other variables



		2.4 Statistical analysis









		3 Results



		3.1 General characteristics



		3.2 Association between NLR and all-cause mortality



		3.3 ROC analysis for NLR in resolved HBV mortality prediction



		3.4 Mediating effect of diabetes on NLR and all-cause mortality in resolved HBV patients









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		Footnotes



		References



















OPS/images/fpubh-12-1493439-t003.jpg
Crude model Model 1 Model 2 Model 3

Character 95%CI P 95%Cl 95%CI 95%C
Low NLR Ref Ref Ref Ref
177 (105, 172 (104,
High NLR 267(1.86,3.84) <0.0001 186 (1.15,3.00) 001 297) 0.03 2.86) 0.04

Crude model, unadjusted: Model 1, adjusted for age, ethnicity, BMI, smoke, alcohol; Model 2 adjusted for age,ethnicity, BMI, smoke, alcohol, FIB-4, AST/ALT, ALY, GGT, Albumin; Model3
adjusted for age, ethnicity, BMI, smoke, alcohol, FIB-4, AST/ALT, ALP, GGT, Albumin, SCR, CVD.






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The neutrophil-lymphocyte ratio
as a risk factor for all-cause
mortality among individuals with
resolved HBV infection: evidence
from the NHANES 1999-2018












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-12-1493439-g004.jpg
:<0.0001

0 12 2 36 48 60 72 84 9 108 120

Time (months)

Group
LowNLR

— HighNLR





OPS/images/fpubh-12-1493439-g005.jpg
w ® B
1.004 29
075 29
025 C
- b 2
T o g oo L3 - . . . .
1-Specifiiy w© © 0 100 0

Time (months)





OPS/images/fpubh-12-1493439-g002.jpg
NLR

Distribution

6

* HighNLR
© LowNLR

Standardized Log—Rank Statis!

NLR





OPS/images/fpubh-12-1493439-g003.jpg
log hazard

0s

00

Non-linear P < 0,001

NLR





OPS/images/fpubh-12-1493439-t002.jpg
Character Low NLR Higl p for interactiol
Sex 0172
Female Ref 1.827 (0.838,3.983) 013
Male Ref 3341 (20135.546) <0.0001
Race 0049
White Ref 2418 (1.307,4471) 0005
Black Ref 1496 (0.794,2.820) 0213
Mexican Ref 1151 (0.2525.247) 0856
Hispanic Ref 19.807 (7.340,53.451) <0.0001
Other Ref 3.066 (0.809,11.621) 0099
Education level 012
Less than high school Ref 6,097 (2.937,12.657) <0.0001
school or equivalent Ref 3,360 (1.9825.697) <0.0001
College or above Ref 1.803 (0.783,4.149) 0.166
Smoking status 0794
Never Ref 2,694 (1.353,5.364) 0005
Former Ref 2485 (1.448,4.262) <0.001
Now Ref 3,085 (1.495,6.365) 0002
Alcohol history 0514
No Ref 1.837 (0.522,6.460) 0343
Yes Ref 2,874 (1.8324507) <0.0001
<D 0.469
Yes Ref 1759 (0.792,3.909) 0.165
No Ref 2739 (1.7724.234) <0.0001
DM 0171
No Ref 3,054 (1.9324.826) <0.0001
Yes Ref 1,652 (0.778,3.508) 0191
BMI 0627
185-25 Ref 2.168 (0.8805.339) 0092
<185 Ref 1.738 (0.466,6.480) 041
25-30 Ref 3,507 (2.091,5.880) <0.0001
230 Ref 2,601 (1.275,5.303) 0.009
PIR 0583
<10 Ref 2,399 (1.2304.679) 001
10-30 Ref 2,308 (1.286,4.143) 0005
>3 Ref 3311 (1.673,6551) <0.001

HR, hazard ratio; 95%Cl, confidence interval; Ref, reference; CVD, Cardiovascular disease; DM, diabetes mellitus; BMI, Body Mass Index; PIR, poverty income ratio.





OPS/images/fpubh-12-1493439-g006.jpg
Prop Mediated
6.57%(0.64%~15%) p=0.02

0.8037 p<<0.001





OPS/images/fpubh-12-1493439-t001.jpg
Variable Total (n

Age 5430+ 0,61 56704225 53.86 £ 0.60 022
PIR 2542010 250£0.18 2542011 081
BMI 27754024 27.96+0.49 27.71£0.26 0.64
FIBA 126003 128+0.09 126003 086
WBC 703011 8.13£0.21 683011 <0.0001
M 218004 153£0.04 230005 <0.0001
NEU 4024008 5732017 3714007 <0.0001
Follow up time 103,54 £ 490 98.97£8.85 10438+ 521 056
ALT 25154057 2333%127 25.49£0.63 013
AST 25274053 23054094 25.67+0.58 001
ALP 71774119 76614334 7088122 o1
GGT 3193£ 156 30,64 %241 3216 184 063
SCR 091002 0.99:£0.05 089002 007
Albumin 42904017 42744037 4293016 059
NLR 203005 384£0.09 169:40.03 <0.0001
Year 05
1999-2000 18.34 (13.38,23.30) 19.51(10.97,28.04) 18.13 (13.58,22.67)
2003-2004 2223 (16.31,28.16) 27,54 (14.58,40.50) 2126 (16.34,26.18)
2013-2014 2112 (16.52,25.71) 14.54(6.94,22.15) 2232 (17.82,26.82)
2015-2016 2157 (18.42,24.72) 20.29(12.262832) 2180 (18.39,25.22)
2017-2018 1674 (11.11,22.36) 18.12(7.26,28.98) 1649 (1142,21.55)
Sex 0.04
Female 4208 (35.37,48.79) 30,69 (2026,41.11) 44,17 (39.06,49.28)
Male 57.92(50.25,65.59) 69.31(58.89,79.74) 55.83 (50.72,60.94)
Race <0.0001
White 4222 (34.52,49.93) 59.48 (50.60,68.36) 39.06 (33.85,44.28)
Black 2406 (20.20,27.92) 16.94 (11.79,22.09) 2536 (21.44,29.28)
Mexican 3.29(2.19,4.38) 3.20(1.225.17) 330 (210451)
Hispanic 855(5.15,11.95) 476/(0.85,8.67) 9.24(5.89,12.59)
Other 2189 (17.14,26.63) 15.62(9.22,22.02) 2303 (18.85,27.21)
Education level 0.06
Less than high school 11.96(9.46,14.47) 9.05(533,12.76) 1250 (9.91,15.09)
High school or equivalent 3630 (30.49,42.11) 46,17 (35.78,56.56) 3449 (29.77,39.22)
College or above 5174 (43.40,60.08) 4479 (34.04,55.53) 53.01(47.26,58.77)
Smoke 014
Never 50.28 (43.48,57.08) 4187 (33.24,50.49) 5182 (47.88,55.76)
Former 2483 (20.96,28.70) 2785 (20.22,35.48) 24.28 (20.47,28.09)
Now 2488 (19.45,3032) 30.28 (20.58,39.98) 2390 (19.56,28.23)
DM 003
No 81,59 (71.72,91.46) 7231 (62.64,81.98) 83.29 (80.31,86.27)
Yes 18.41(15.44,21.38) 27,69 (18.0237.36) 16.71(13.73,19.69)
Mortality <0.0001
Assumed alive 84.20 (73.63,94.78) 67.26 (58.88,75.64) 87.31 (84.31,90.30)
Assumed deceased 15.80 (13.20,18.39) 3274 (24.3641.12) 12.69(9.70,15.69)
cvD 001
No 9191 (8091,10292) 8641 (81.01.91.81) 92.92(90.89,94.96)
Yes 8.09(6.17, 10.00) 13.59 (8.19,18.99) 7.08(5.04,9.11)
PIR group 006
<10 20.22(16.56,23.88) 15.69 (10.28,21.10) 2105 (17.06,25.04)
10-30 4366 (36.65,50.68) 54,82 (44.90,64.73) 41,62 (36.47,46.78)
>3 36.11(29.07,43.16) 29.49 (19.48,39.50) 3733 (31.15,43.50)
BMI group 062
<185 1710069, 2.73) 1.76(-061,4.13) 1.70(0.56,2.84)
18.5-25 3358 (27.98,39.17) 35.21(25.99,44.43) 33.28 (28.75,37.80)
25-30 3561 (29.05,42.16) 30,09 (19.77,40.40) 3662 (31.39,41.85)
>30 2911 (24.14,34.08) 3295 (23.53,4236) 28.41(24,54,3227)
Alcohol history 057
no 16.98 (13.46,20.50) 14.91(7.58,22.23) 17.36 (14.16,20.56)
yes 83,02 (73.46,92.58) 85.09(77.77,9242) 82.64(79.44,85.84)

PIR, poverty income ratio; WBC, white blood cell; LYM, lymphocyte; NEU, neutrophil; NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl transferase; FIB-d, fibrosis-4 index; SCR, serum creatinine; DM, diabetes mellitus; CVD, cardiovascular disease.






OPS/images/fpubh-12-1493439-e001.jpg





OPS/images/fpubh-12-1493439-g001.jpg
Participants from
NHANES 1999-2018

(N=101316)
Excluded:

N=42112 participants with Age<<18
f————>| N=1670 participants were pregnant
N=139  participants with missing

mortality data
N=57395
Excluded:
N=3298 participants with a follow-up
time of less than one year
N=501 participants with Anti-HCV (+)
N=42287 participants with Missing Row
N=11309

Included:
participants with HBcAg(+)and HBsAg(-)

N=1146






