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Background

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease with low survival time. Since the pathophysiological progression of IPF is closely associated with immunological and inflammatory responses, immune biomarkers, including neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and monocyte-high density lipoprotein ratio (MHR), have the potential to predict overall survival in IPF patients.



Methods

A total of 278 patients with IPF were finally enrolled. The demographic and clinical characteristics of the patients at baseline were recorded. Multivariable Cox regression analysis was used to evaluate the association between the three biomarkers and overall survival in both the total cohort and acute exacerbation subgroup.



Results

The median follow-up was 5.84 months. After adjusting for confounders, we found that only elevated NLR was associated with worse overall survival (OR = 1.019, 95% CI 1.001-1.037, P =0.041) by using multivariable Cox regression analysis. In 116 acute exacerbation IPF patients, the results of the Cox multiple regression model also indicated that the NLR was a significant prognostic factor (OR= 1.022, 95% CI 1.001-1.044, P =0.036). The NLR before death was also significantly higher than that at admission in nonsurvival acute exacerbation IPF patients (P=0.014). No significant differences were found in PLR (P=0.739) or MHR changes (P=0.478).



Conclusions

Our results indicated that elevated NLR expression is associated with shorter overall survival in IPF patients, which is independent of other prognostic factors. The NLR may be regarded as a reliable prognostic biomarker for IPF patients.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, fibrotic interstitial lung disease of unknown causes with high mortality (1, 2). The mean life expectancy is only 2-3 years in the absence of lung transplantation (2). The majority of patients usually experience a gradual worsening of exertional dyspnea and reductions in lung function (1). Acute exacerbation (AE) may occur in a minority proportion of IPF patients, with a significantly high in-hospital mortality rate of more than 50% despite active treatment (3, 4). Currently, only two medicines, nintedanib and pirfenidone, are approved by the Food and Drug Administration for the treatment of IPF (5). Because the disease course of IPF is highly variable, the prognosis of IPF is difficult to predict (6), which is raising an urgent need for identifying reliable biological markers, especially noninvasive serum markers, in evaluating the severity of the disease, predicting disease progression and therapeutic effects on treatment, and measuring the treatment response (7).

The pathogenesis of IPF is a complex genetic disorder. The formation of IPF is gradually converted from a single chronic inflammatory disorder to a comprehensive consequence of epithelial cell injury, chronic inflammation, fibroblast proliferation, and deposition of extracellular matrix (8, 9). Inflammation and oxidative stress further lead to epithelial cell injury and fibroblast activation and migration in aging alveolar epithelium as local microinjuries (2).

The neutrophil lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR) and monocyte-high density lipoprotein ratio (MHR) are biomarkers of inflammation and oxidative stress. The expression of NLR and PLR is associated with worse outcomes in multiple diseases, including chronic obstructive pulmonary disease, coronavirus-induced disease 2019 (COVID-2019), pulmonary embolism, cardiovascular diseases, rheumatoid arthritis and various solid tumors (10–12). The MHR has also been regarded as a prognostic marker in cardiovascular diseases (13, 14).

However, limited data have been presented on the relationship between NLR/PLR/MHR and clinical outcomes in IPF patients. There are a few studies evaluating the prognostic value of NLR and/or PLR in IPF patients, suggesting that higher NLR and/or PLR may contribute to worse outcomes (15–17). Although high lipid protein levels have been found to have a negative correlation with the mortality rate in IPF patients, it is still unknown whether the MHR is a prognostic biomarker for evaluating the progression of IPF patients (18). Additionally, the number of monocytes is an independent risk factor for IPF progression, all-cause hospitalization and all-cause mortality (19).

Consequently, the aim of this retrospective study was to determine the prognostic value between NLR/PLR/MHR and overall survival in patients with IPF. We also investigated the changes in NLR/PLR/MHR at baseline and before death in AE-IPF patients.



Materials and Methods


Patients and Data Collection

A retrospective review of the medical records of 613 patients diagnosed with idiopathic pulmonary fibrosis at Drum Tower Hospital from June 2017 to June 2021 was carried out. All patients were over 18 years old and had clinical lymphocyte, neutrophil, and monocyte counts and a high density of lipoprotein within 24 h after admission. The exclusion criteria were as follows: 1) incomplete data; 2) severe, life-threatening disease of another system unrelated to idiopathic pulmonary fibrosis; and 3) confirmed lung cancer before admission. A total of 335 patients were excluded based on these criteria. Finally, 278 patients were enrolled in our final analysis.

The diagnosis of idiopathic pulmonary fibrosis was performed according to the 2018 international consensus guidelines (20), which depends on the identification of the usually interstitial pneumonia (UIP) pattern, usually with high-resolution computed tomography (HRCT), and rules out other interstitial lung diseases or overlapping conditions. The diagnostic criteria for AE-IPF were based on the 2018 guidelines (20), which include a previous or concurrent diagnosis of IPF and meeting the following criteria: acute worsening or development of dyspnea, typically<1 month (3); the appearance of new bilateral ground-glass opacity and/or consolidation superimposed consistent with UIP in HRCT imaging; and (4) deterioration not fully explained by cardiac failure or fluid overload.

We collected the following variables for all patients at baseline: demographic and laboratory characteristics. The follow-up time was defined as the interval from admission to death, the last visit or the end of the study. Follow-up data were obtained by inpatient/outpatient visits or telephone calls every year. We also collected repeated measurements of NLR/PLR/MHR in non-survival AE-IPF patients on the last hospital admission and before death. All methods were carried out in accordance with relevant guidelines and regulations. PaO2 was measured with arterial blood sampling and FiO2=(21+oxygen flow*4)/100.This study was approved by the Human Research Ethics Committee of Drum Tower Hospital. The informed consent requirement was exempted because of the retrospective study.



Statistical Analyses

Quantitative variables with a normal distribution are expressed as the mean and standard deviation, and the difference was identified by using Student’s t test. Variables that were not normally distributed are presented as the median and range, and the Mann–Whitney–Wilcoxon test was used for comparisons. Categorical variables were described as numbers and frequencies and compared using Pearson’s chi-square or Fisher’s exact tests.

First, we analyzed the correlation between the baseline NLR/PLR/MHR and PaO2/FiO2 in the total cohort. Then, we analyzed the relationship between the baseline NLR and survival in the total cohort and AE-IPF subgroup separately. In the total cohort, we also divided the patients into two groups according to the median of the baseline NLR/PLR/MHR values. We used multivariable Cox regression analysis and smooth curve fitting to test the independent effects of the baseline NLR/PLR/MHR and mortality with unadjusted and adjusted models. Then, we selected statistically significant variables between survivors and nonsurvivors at baseline as confounders to adjust the regression model. In the AE-IPF subgroup, univariate analysis was used to assess the potential influence of patient characteristics on prognosis. Statistically significant factors associated with NLR/PLR/MHR were introduced into a multivariate Cox proportional hazards analysis. In addition, we compared the changes in NLR/PLR/MHR in AE-IPF patients who experienced in-hospital mortality using the Mann–Whitney–Wilcoxon test. The area under the receiver operating characteristic (AUROC) curve was created to estimate the predictive power of NLR/PLR/MHR for overall survival.

All missing data were imputed using the E-M model. All tests were two-sided, and a P value < 0.05 was defined as statistically significant. R software, version 3.5.1 (http://www.r-project.org), was used for all analyses.




Results


Baseline Characteristics of the Study Population

The baseline characteristics of 278 IPF patients are summarized in Table 1, which contained 117 survivors and 161 non-survivors. The mean age of the study cohort was 67.97 ± 8.93 years, and 79.14% of the participants were male. The median NLR values at baseline were 4.49 ± 4.76 in survivors and 8.18 ± 11.60 in nonsurvivors. The median PLR values at baseline were 150.22 ± 91.84 in survivors and 202.80 ± 218.76 in nonsurvivors. The median MHR values at baseline were 0.51 ± 0.36 in survivors and 0.53 ± 0.45 in nonsurvivors. The demographic characteristics at baseline were generally balanced between the two groups. Non-survivors had higher proportion of AE-IPF patients and lower PaO2/FiO2 than survivors. We also found that there were significant differences in laboratory data. Non-survivors had markedly higher counts of white blood cells (WBCs) and neutrophils and higher levels of lactate dehydrogenase (LDH), total cholesterol (TC), apolipoprotein B (apoB), arcinoembryonic antigen (CEA), cytokeratin 21-1 (CYFRA21-1) and neurospecific enolase (NSE) than survivors.


Table 1 | Baseline characteristics of the total cohort.





Association Between Baseline NLR/PLR/MHR and PaO2/FiO2

As shown in Figure 1, the relationship between NLR/PLR/MHR and PaO2/FiO2 was displayed. The expression of NLR and PLR was negatively associated with PaO2/FiO2 (NLR: r=-0.324, P<0.001; PLR: r=-0.220, P<0.001). However, no association was observed between MHR and PaO2/FiO2 (r=0.085, P=0.159).




Figure 1 |  Correlations of the NLR, PLR and MHR with PaO2/FiO2 on admission: (A) Correlations of the NLR with PaO2/FiO2; (B) Correlations of the PLR with PaO2/FiO2; (C) Correlations of the MHR with PaO2/FiO2.





Association Between Baseline NLR/PLR/MHR and Overall Survival in All Patients

The median follow-up time of all patients was 5.84 (2.19–23.44) months. During the follow-up period, 117 patients died. We divided all included patients into 2 groups according to the median NLR/PLR/MHR value (NLR: 3.65, PLR 130.95, MHR 0.41), and the Kaplan–Meier survival curves are shown in Figure 2. Higher expression of NLR and PLR were associated with shorter overall survival time [N2: 3.93 (0.77-11.90) months vs N1: 14.10 (4.60-28.07) months, OR(95%CI): 2.114 (1.459-3.064), P = 0.000; P2: 4.52 (1.07-14.60) months vs P1: 11.92 (3.60-28.47) months, OR(95%CI):1.872(1.294-2.709), P = 0.001], while patients with the higher level of MHR showed a longer survival time [M2: 7.88 (2.93-24.34) months vs M1: 5.60 (1.60-19.83) months, OR(95%CI): 0.744(0.516-1.071), P = 0.112].




Figure 2 | Kaplan–Meier curves for overall survival time by NLR, PLR and MHR: (A) Kaplan–Meier curves for overall survival time by NLR. (B) Kaplan–Meier curves for overall survival time by PLR; (C) Kaplan–Meier curves for overall survival time by MHR.



As shown in Table 2, multivariable Cox regression analysis of baseline NLR, PLR and MHR for overall survival was performed. After adjusted for confounding factors including age, sex, smoking, PaO2/FiO2, WBCs, LDH, TC, apoB, CEA, CYFRA21-1 and NSE, an SD increase in the baseline NLR was associated with a 1.9% increase in the risk of mortality (OR 1.019, 95% CI 1.001-1.037, P =0.041). However, PLR and MHR were not independent risk factors for mortality after adjusted for confounding factors. Smooth curve fitting was used to indicate the correlation between the baseline NLR/PLR/HMR and the risk of mortality, which is presented in Figure 3. In the generalized regressive model, an inverse U-shaped relationship between NLR and mortality, an inverse U-shaped relationship between PLR and mortality and a U-shaped relationship between MHR and mortality were observed after adjusting for potential confounders. After the expression of NLR, PLR and MHR were classified into two categories, there was no significant association between NLR, PLR, MHR and mortality in adjusted model 2 (Table 2 and Figure 4).


Table 2 | Multivariable Cox regression analysis of baseline NLR, PLR and MHR for overall survival.






Figure 3 | A smooth curve fitting for the relationship between the baseline NLR, PLR, MHR and the log odds ratio of mortality: (A) An inverse U-shaped relationship between NLR and mortality; (B) An inverse U-shaped relationship between PLR and mortality; (C) An U-shaped relationship between MHR and mortality.






Figure 4 | Adjusted hazard ratios for mortality by NLR, PLR and MHR.





NLR as a Predictor for Overall Survival in All Patients

The AUROC of NLR (0.776, 95% CI 0.707-0.844, P<0.001) was larger than that of PLR (0.676, 95% CI 0.600-0.751, P<0.001) and MHR (0.430, 95% CI 0.348-0.512, P=0.082). In addition, we combined NLR and PLR to evaluate the prognosis value for overall survival. The AUROC of NLR+PLR was (0.772, 95% CI 0.703-0.842, P<0.001) (Figure 5).




Figure 5 | Area under the receiver operating characteristics curve (AUROC) of the NLR, PLR and MHR for overall survival.





Association Between Baseline NLR/PLR/MHR and Overall Survival in AE-IPF Patients

The baseline characteristics of the AE-IPF subgroup are listed in Supplementary Table 1. After adjusted for confounding factors including age, sex, PaO2/FiO2, WBCs, LDH, apoB, D-dimer, CEA, CYFRA21-1 and NSE, NLR was an independent risk factor for overall survival (OR=1.022, 95% CI 1.001-1.044, P=0.036) in patients with AE-IPF. However, PLR (OR=1.001, 95% CI 0.999-1.002, P=0.298) and MHR(OR= 0.977, 95% CI 0.453-2.107, P=0.953) were not significantly correlated with overall survival in patients with AE-IPF, after adjusted for confounding factors.



Changes in NLR/PLR/MHR on Last Admission and Before Death in AE-IPF Patients Who Experienced In-Hospital Death

The baseline characteristics of the last admission in 34 AE-IPF patients who underwent in-hospital mortality are summarized in Supplementary Table 2. In view of the significant differences between last admission and before death, we performed a Mann–Whitney analysis. The NLR before death was significantly higher than that on admission (21.52 ± 13.48 vs 15.17 ± 16.96, P=0.014). There were no significant changes in PLR and MHR on admission or before death (PLR: 263.18 ± 188.25 vs 274.15 ± 325.59, P=0.739; MHR: 0.52 ± 0.42 vs 0.53 ± 0.60, P=0.478). There was no significant correlation between the three prognostic factors on admission and the length of hospitalization.




Discussion

IPF is a chronic progressive lung disease characterized by parenchymal fibrosis of unknown origin leading to irreversible lung injury (21). The incidence of IPF is estimated to range from 1.25 to 23.4 cases per 100,000 population. The incidence of IPF is specifically high in male adults aged over 50 years. The 5-year survival rate of IPF patients is approximately 20% (6). It is acknowledged that accurate assessment of the severity of IPF disease is critical to determine therapeutic strategies. Thus, it is necessary to find simple, inexpensive and easily accessible indicators to identify severe cases of IPF, which will be useful to provide personalized treatment in advance and improve survival rates.

In this retrospective cohort study, we confirmed that NLR and PLR were significantly negatively correlated with PaO2/FiO2. There was a significant negative correlation between baseline NLR and overall survival of patients with IPF. A higher NLR on admission was associated with a shorter overall survival time in both the total cohort and the AE-IPF subgroup. The relationship remained stable after adjusting for clinical confounders. Moreover, we found that in AE-IPF patients who experienced in-hospital mortality, the NLR dynamically increased during the last hospital stay. ROC analysis showed that the AUROC of NLR for predicting overall survival was 0.776, larger than that of PLR, MHR and NLR+PLR. These results indicated that NLR might serve as a potential prognostic biomarker for overall survival in patients with IPF.

To our knowledge, there have been only four previous studies on the relationship between baseline NLR or PLR and the clinical outcomes of IPF patients. Poor prognosis is observed in patients with a higher baseline NLR and is independent of the GAP (sex, age, physiology) score. A previous retrospective study of 73 IPF patients indicated that the NLR was significantly negatively associated with baseline forced expiratory volume in the 1st second (FEV1) and diffusion capacity for carbon monoxide (DLCO%) (16). Nathan et al. found that a higher increase in NLR or PLR over 12 months was positively associated with higher mortality (15). D’alessandro et al. measured the NLR in bronchoalveolar lavage (BAL) samples isolated from IPF patients, indicating a negative correlation between NLR and forced vital capacity (FVC) and FEV1 (17). Their results indicated that NLR was correlated with the composite physiologic index, which was measured at the timepoint of collecting BAL samples. The relationship between baseline NLR and prognosis in IPF patients was consistent with previous studies. To the best of our knowledge, this is the first time that the NLR, PLR and MHR have been monitored to identify their association with IPF outcomes.

Although the mechanism of IPF has not been fully elucidated, the aging of the alveolar epithelium is remarkably associated with the progression of pulmonary fibrosis (6). Recurrent epithelial injury is triggered by comprehensive genetic and environmental risk factors, such as shortened telomeres, oxidative injury, proteostatic dysregulation, and endoplasmic reticulum stress, followed by uncontrolled migration and proliferation of lung fibroblasts and differentiation from fibroblasts to myofibroblasts. Pulmonary fibrosis is the end result of chronic inflammation, aberrant wound repair and acceleration, which leads to irreversible damage to lung tissue (22, 23). Collectively, inflammation and oxidative stress play a central role in the fibrogenesis of lung fibrosis.

Transforming growth factor-β (TGF-β)-mediated signaling is one of the critical pathways in the excessive inflammatory response and is required for the development of IPF (24). Neutrophil elastase (NE) is a serine proteinase generated by active neutrophils that is highly similar to components of the extracellular matrix. Several studies indicate that NE enhances pulmonary fibrosis by inducing fibroblast proliferation and myofibroblast differentiation in a TGF-β-independent pathway (25, 26). Monocytes also promote fibrosis formation through two critical mechanisms: one is to produce proinflammatory cytokines [IFN-α, MIB-α (CCL3) and MIP-1β (CCL4)] to promote myofibroblast differentiation, and the other way is to serve as progenitor fibrocytes to induce pulmonary fibrosis (27). Platelets can also participate in fibrogenesis by modulating the production of TGF-β1 by platelet-derived growth factor. Recurrent alveolar epithelium injuries can activate platelets with fibrin-rich clot formation, resulting in upregulation of plasminogen activator inhibitor-1 (PAI-1) by inducing the activation of TGF-β1/Smad3 signaling (24). High-density lipoprotein cholesterol (HDL-c) plays an anti-inflammatory and antioxidant role through the expression of endothelial nitric oxide synthase to decrease the vascular tension of endothelial cells and accelerate the oxidation of low-density lipoprotein cholesterol (LDL-c) (28).

It is well known that pulmonary function tests, such as percent predicted FVC and percent predicted DLCO, are used to evaluate the severity of lung impairment and predict prognosis in IPF patients (20). In our study, approximately half of the patients experienced respiratory failure and were not able to cooperate with lung function tests. Instead, because the PaO2/FiO2 test has become routine in the clinical diagnosis and treatment of IPF, we chose PaO2/FiO2 to reflect lung function because PaO2/FiO2 decline is among the earliest objective indicators of abnormal gas exchange function, and PaO2/FiO2 measurement is a routine test in our center. We found that the expression of NLR and PLR was negatively correlated with PaO2/FiO2. In addition, in the subgroup of AE-IPF patients, there was a dynamic increase in NLR at the last measurement compared with that at the last admission, which indicates the potential prognostic value of early changes in these inflammatory biomarkers. Because complete repetitive measurement data of these inflammatory biomarkers are still limited, large, randomized, multicenter, prospective studies are needed to verify our hypothesis.

Our results should be interpreted within the limitations of the study. First, this was a small-sample retrospective single-center study. Second, we did not evaluate the lung function of these participants because lung function test was difficult for the severer patients. Finally, there were no regular repetitive measurements of these prognostic biomarkers at certain points, so we could not sufficiently evaluate the changes in these parameters as disease progressed.

In conclusion, in our study, there was a negative correlation between baseline NLR and PaO2/FiO2. NLR was an independent prognostic factor of shorter overall survival time in the total cohort of IPF patients and in AE-IPF patients. Furthermore, we found that there was a significant increase in NLR at the last measurement compared with that at the last admission in nonsurvival AE-IPF patients. We should pay more attention to NLR expression and identify patients with poor outcomes in advance to obtain a better prognosis. However, prospective studies are needed to prove our findings.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Nanjing Drum Tower Hospital ethics committee. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

XY and YC conceived and designed the study. JC and MZ collected the data. XY, YC, JC, and MZ analyzed the data. YC wrote the original draft. XY, JC, and MZ revised the manuscript. XY administered and supervised the study. All authors contributed to the article and approved the submitted version.



Acknowledgments

We appreciate the help and support from all participants who took part in the study.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.882217/full#supplementary-material



References

1. Lederer, DJ, and Martinez, FJ. Idiopathic Pulmonary Fibrosis. N Engl J Med (2018) 378:1811–23. doi: 10.1056/NEJMra1705751

2. Kropski, JA, and Blackwell, TS. Progress in Understanding and Treating Idiopathic Pulmonary Fibrosis. Annu Rev Med (2019) 70:211–24. doi: 10.1146/annurev-med-041317-102715

3. Song, JW, Hong, SB, Lim, CM, Koh, Y, and Kim, DS. Acute Exacerbation of Idiopathic Pulmonary Fibrosis: Incidence, Risk Factors and Outcome. Eur Respir J (2011) 37:356–63. doi: 10.1183/09031936.00159709

4. Biondini, D, Balestro, E, Sverzellati, N, Cocconcelli, E, Bernardinello, N, Ryerson, CJ, et al. Acute Exacerbations of Idiopathic Pulmonary Fibrosis (AE-IPF): An Overview of Current and Future Therapeutic Strategies. Expert Rev Respir Med (2020) 14:405–14. doi: 10.1080/17476348.2020.1724096

5. du Bois, RM. Strategies for Treating Idiopathic Pulmonary Fibrosis. Nat Rev Drug Discovery (2010) 9:129–40. doi: 10.1038/nrd2958

6. Richeldi, L, Collard, HR, and Jones, MG. Idiopathic Pulmonary Fibrosis. Lancet (2017) 389:1941–52. doi: 10.1016/S0140-6736(17)30866-8

7. Drakopanagiotakis, F, Wujak, L, Wygrecka, M, and Markart, P. Biomarkers in Idiopathic Pulmonary Fibrosis. Matrix Biol (2018) 68-69:404–21. doi: 10.1016/j.matbio.2018.01.023

8. Raghu, G, Ley, B, Brown, KK, Cottin, V, Gibson, KF, Kaner, RJ, et al. Risk Factors for Disease Progression in Idiopathic Pulmonary Fibrosis. Thorax (2020) 75:78–80. doi: 10.1136/thoraxjnl-2019-213620

9. Wells, AU. Pamrevlumab in Idiopathic Pulmonary Fibrosis. Lancet Respir Med (2020) 8:2–3. doi: 10.1016/S2213-2600(19)30339-X

10. Chan, AS, and Rout, A. Use of Neutrophil-To-Lymphocyte and Platelet-To-Lymphocyte Ratios in COVID-19. J Clin Med Res (2020) 12:448–53. doi: 10.14740/jocmr4240

11. Liu, J, Ao, W, Zhou, J, Luo, P, Wang, Q, and Xiang, D. The Correlation Between PLR-NLR and Prognosis in Acute Myocardial Infarction. Am J Transl Res (2021) 13:4892–9.

12. Erre, GL, Paliogiannis, P, Castagna, F, Mangoni, AA, Carru, C, Passiu, G, et al. Meta-Analysis of Neutrophil-to-Lymphocyte and Platelet-to-Lymphocyte Ratio in Rheumatoid Arthritis. Eur J Clin Invest (2019) 49:e13037. doi: 10.1111/eci.13037

13. Acikgoz, SK, Acikgoz, E, Sensoy, B, Topal, S, and Aydogdu, S. Monocyte to High-Density Lipoprotein Cholesterol Ratio Is Predictive of in-Hospital and Five-Year Mortality in ST-Segment Elevation Myocardial Infarction. Cardiol J (2016) 23:505–12. doi: 10.5603/CJ.a2016.0026

14. Chen, SA, Zhang, MM, Zheng, M, Liu, F, Sun, L, Bao, ZY, et al. The Preablation Monocyte/ High Density Lipoprotein Ratio Predicts the Late Recurrence of Paroxysmal Atrial Fibrillation After Radiofrequency Ablation. BMC Cardiovasc Disord (2020) 20:401. doi: 10.1186/s12872-020-01670-3

15. Nathan, SD, Mehta, J, Stauffer, J, Morgenthien, E, Yang, M, Limb, SL, et al. Changes in Neutrophil-Lymphocyte or Platelet-Lymphocyte Ratios and Their Associations With Clinical Outcomes in Idiopathic Pulmonary Fibrosis. J Clin Med (2021) 10:1427. doi: 10.3390/jcm10071427

16. Zinellu, A, Paliogiannis, P, Sotgiu, E, Mellino, S, Mangoni, AA, Zinellu, E, et al. Blood Cell Count Derived Inflammation Indexes in Patients With Idiopathic Pulmonary Fibrosis. Lung (2020) 198:821–7. doi: 10.1007/s00408-020-00386-7

17. D'Alessandro, M, Bergantini, L, Carleo, A, Cameli, P, Perrone, A, Fossi, A, et al. Neutrophil-To-Lymphocyte Ratio in Bronchoalveolar Lavage From IPF Patients: A Novel Prognostic Biomarker? Minerva Med (2020) 02:12. doi: 10.23736/S0026-4806.20.06614-8

18. Barochia, AV, Kaler, M, Weir, N, Gordon, EM, Figueroa, DM, Yao, X, et al. Serum Levels of Small HDL Particles Are Negatively Correlated With Death or Lung Transplantation in an Observational Study of Idiopathic Pulmonary Fibrosis. Eur Respir J (2021) 58:2004053. doi: 10.1183/13993003.04053-2020

19. Kreuter, M, Lee, JS, Tzouvelekis, A, Oldham, JM, Molyneaux, PL, Weycker, D, et al. Monocyte Count as a Prognostic Biomarker in Patients With Idiopathic Pulmonary Fibrosis. Am J Respir Crit Care Med (2021) 204:74–81. doi: 10.1164/rccm.202003-0669OC

20. Raghu, G, Remy-Jardin, M, Myers, JL, Richeldi, L, Ryerson, CJ, Lederer, DJ, et al. Diagnosis of Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med (2018) 198:e44–68. doi: 10.1164/rccm.201807-1255ST

21. Spagnolo, P, Tzouvelekis, A, and Bonella, F. The Management of Patients With Idiopathic Pulmonary Fibrosis. Front Med (Lausanne) (2018) 5:148. doi: 10.3389/fmed.2018.00148

22. Wolters, PJ, Collard, HR, and Jones, KD. Pathogenesis of Idiopathic Pulmonary Fibrosis. Annu Rev Pathol (2014) 9:157–79. doi: 10.1146/annurev-pathol-012513-104706

23. Chanda, D, Otoupalova, E, Smith, SR, Volckaert, T, De Langhe, SP, and Thannickal, VJ. Developmental Pathways in the Pathogenesis of Lung Fibrosis. Mol Aspects Med (2019) 65:56–69. doi: 10.1016/j.mam.2018.08.004

24. Heukels, P, Moor, CC, von der Thusen, JH, Wijsenbeek, MS, and Kool, M. Inflammation and Immunity in IPF Pathogenesis and Treatment. Respir Med (2019) 147:79–91. doi: 10.1016/j.rmed.2018.12.015

25. Gregory, AD, Kliment, CR, Metz, HE, Kim, KH, Kargl, J, Agostini, BA, et al. Neutrophil Elastase Promotes Myofibroblast Differentiation in Lung Fibrosis. J Leukoc Biol (2015) 98:143–52. doi: 10.1189/jlb.3HI1014-493R

26. Takemasa, A, Ishii, Y, and Fukuda, T. A Neutrophil Elastase Inhibitor Prevents Bleomycin-Induced Pulmonary Fibrosis in Mice. Eur Respir J (2012) 40:1475–82. doi: 10.1183/09031936.00127011

27. Zimmermann, HW, Seidler, S, Nattermann, J, Gassler, N, Hellerbrand, C, Zernecke, A, et al. Functional Contribution of Elevated Circulating and Hepatic Non-Classical CD14CD16 Monocytes to Inflammation and Human Liver Fibrosis. PloS One (2010) 5:e11049. doi: 10.1371/journal.pone.0011049

28. Katipoglu, Z, Mirza, E, Oltulu, R, and Katipoglu, B. May Monocyte/HDL Cholesterol Ratio (MHR) and Neutrophil/Lymphocyte Ratio (NLR) Be an Indicator of Inflammation and Oxidative Stress in Patients With Keratoconus? Ocul Immunol Inflammation (2020) 28:632–6. doi: 10.1080/09273948.2019.1611876




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.

The reviewer CW declared a shared parent affiliation with the authors to the handling editor at the time of the review.


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.

Copyright © 2022 Chen, Cai, Zhang and Yan. 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.


OEBPS/Images/fimmu-13-882217-g001.jpg
Corn G
s oo o






OEBPS/Images/fimmu.2022.882217_cover.jpg
’ frontiers l Frontiers in Immunology

Prognostic Role of NLR, PLR and
MHR in Patients With Idiopathic
Pulmonary Fibrosis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Prognostic Role of NLR, PLR and MHR in Patients With Idiopathic Pulmonary Fibrosis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients and Data Collection

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Baseline Characteristics of the Study Population

          



          		

            Association Between Baseline NLR/PLR/MHR and PaO2/FiO2

          



          		

            Association Between Baseline NLR/PLR/MHR and Overall Survival in All Patients

          



          		

            NLR as a Predictor for Overall Survival in All Patients

          



          		

            Association Between Baseline NLR/PLR/MHR and Overall Survival in AE-IPF Patients

          



          		

            Changes in NLR/PLR/MHR on Last Admission and Before Death in AE-IPF Patients Who Experienced In-Hospital Death

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-882217-g002.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-882217-g004.jpg
Stody outcome.

Nowadjusted model
Navent

wn

AT
Adjusted model
NN

P

A2vMI
Adjusted model 2
2w
]
M2ZwMI

00

o5

Harard ratios (95%CT)

10

15 20 25 30

35

pvalue

oo
ool
o

oo
oot
ors

oss
o158
oo





OEBPS/Images/table2.jpg
Variables

NLR (1sd)
NLR
<3.65
>3.65
PLR (1sd)
PLR
<130.95
>130.95
MHR (1sd)
MHR
<0.41
>0.41

Non adjusted

Adjusted model 1

Adjusted model 2

OR

1.040

2114
1.001

1
1.872

1.092
1
0.744

95%Cl

1.023-1.050

1.459-3.064
1.000-1.002
1.294-2.709
0.661-1.804

0.516-1.071

<0.001

<0.001
0.004

0.001

0.731

0.112

OR

1.036

2122
1.001

1
1.878

1.126
1
0.744

95%CI

1.021-1.051

1.462-3.079
1.000-1.002

1.291-2.732
0.682-1.862

0.533-1.124

<0.001

<0.001
0.017
0.001

0.642

0.179

OR

1.019

1.146
1.000

1
1.309

0.881
1
0.765

95%ClI

1.001-1.037

0.750-1.752
1.000-1.001
0.869-1.972
0.507-1.532

0.430-1.035

0.041

0.528
0.286
0.198
0.655

0.071

NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MHR, lymphocyte-monocyte ratio; OR, odds ratio; Cl, confidence interval.
Model 1: adjusted for age, sex, smoking.
Model 2: adjusted for age, sex, smoking, PaO2/FiO2, white blood cell count, lactate dehydrogenase, total cholesterol, apolipoprotein B, carcinoembryonic antigen, cytokeratin 21-1 and
neurospecific enolase.





OEBPS/Images/fimmu-13-882217-g005.jpg
o,





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-882217-g003.jpg





OEBPS/Images/table1.jpg
Variables

Age (years)

Male (n,%)

Group

Stable (n,%)

AE (n, %)

Smoking (n,%)
Disease duration (months)
PaO2/Fi02

WBC count (10"9/1)
Neutrophils (10/9/L)
Lymphocytes (10/9/L)
Monocytes (1079/L)
Platelet (1079/L)
ALT (UL)

AST (UL)

LDH (UL)

ALP (U/L)

TB (umol/L)

TC (mmol/L)

HDL (mmol/L)

LDL (mmol/L)

APOA (g/L)

ApoB (g/L)

CRP (ng/L)

D-dimer (mg/L)

CEA (ng/ml)
CYFRA21-1 (ng/ml)
NSE (ng/ml)

NLR

PLR

MHR

Survivors (n=117)

67.62 + 8.60
128 (79.50)

103 (63.98)
58 (36.02)
68 (42.24)

19.28 + 15.61

329.19 + 125.35
754 +311
5.20 +2.86
1.66 +0.68
0.48 £0.25

194,67 +81.35

21.11 +16.66
20.07 + 8.95
256.86 + 73.73
74.06 + 21.69
1019+ 4.78
412+102
1.11£034
241+075
0.98 +0.26
0.76 +0.21
19.44 +30.35
1.48 +5.54
3524246
510 +2.90
15.24 +5.09
4.49 £ 476

150.22 + 91.84
051+036

Nonsurvivors (n=161)

68.45 + 9.39
92 (78.63)

59 (50.43)
58 (49.57)
40 (34.19)
806 + 11.27
264.54 + 122,64
9.07 + 3.61
6.84 +3.53
1.54 £ 0.83
0.49 +0.29
210.02 + 88.43
23.25 + 16.02
22.40 + 11.55
344.00 + 174.89
76.08 + 28.06
11.57 + 5.81
4.36 + 0.99
1.11 £ 0.38
251+0.78
098 +0.29
0.85+0.25
27.55 + 41.00
3.84 + 13.48
517 + 4.16
7.16 £ 4.70
19.84 + 9.42
8.18 + 11.60
202.80 + 21876
053 + 0.45

0.37
0.86
0.02

0.17
<0.01
<0.01
<0.01
<0.01

0.10

0.95

0.14

0.08

0.16
<0.01

0.56

0.07

0.04

0.91

0.26

0.88
<0.01

0.05

0.05
0.001
0.011
<0.01
0.002
0.106
0.416
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