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Background: Neutrophils to lymphocytes and platelets (N/LP) ratio has been confirmed as an indirect marker of inflammation. In this study, we aimed to further evaluate the prognostic significance of the N/LP ratio in sepsis patients admitted to the ICU.

Methods: Sepsis patients from the Affiliated Hospital of Jiangsu University were retrospectively enrolled from January 2015 and July 2023. The primary outcomes were 30/60 days mortality. The secondary outcomes included the incidence of AKI, vasoactive drug, CRRT, invasive ventilation, length of ICU stay, length of hospital stay and ICU mortality.

Results: A total of 1,066 sepsis patients were enrolled with a median age of 75.0 (66.0, 85.0) years, and 62.5% of them being male. The 30 days and 60 days mortality rates were found to be 28.7 and 34.0%, respectively, while the incidence of AKI was 45.2%. Based on their N/LP ratios, we classified the sepsis patients into three groups: low, middle, and high, consisting of 266, 534, and 266 patients, respectively. According the Cox proportional hazard model, the middle and high N/LP groups were associated with a 1.990/3.106-fold increase in 30 days mortality risk and a 2.066/3.046-fold increase in 60 days mortality risk compared with the low N/LP group. Besides, multivariate logistic regression model suggested that the risk of AKI occurrence increased 2.460 fold in the high group compared to the low group. However, through subgroup analyses, we observed substantial variations in the association between N/LP ratios and 30/60 days mortality rates as well as the incidence of AKI among different populations. Notably, the N/LP ratio measured at ICU admission exhibited a higher AUC for predicting 30/60 days mortality (0.684/0.687). Additionally, we observed a good predictive power for the occurrence of AKI (AUC: 0.645) using the N/LP ratio measured at sepsis prognosis. Regarding the other secondary outcomes, the N/LP ratio was associated with disease severity in sepsis patients, including the need for vasoactive drugs, length of ICU stay, and ICU mortality.

Conclusion: The N/LP ratio at ICU admission was found to have a significant independent association with 30/60 days mortality and the incidence of AKI in sepsis patients.
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Introduction

Sepsis, a life-threatening condition characterized by organ dysfunction caused by an uncontrolled immune response to infection, remains a significant threat to human survival (1). According to previous epidemiological studies, the global incidence of sepsis is approximately 50 million cases per year, with approximately 11 million deaths annually (2). In China, it is estimated that 20.6% of patients in the intensive care unit (ICU) suffer from sepsis, and over 35.5% of them succumb to the condition (3). Despite extensive research efforts focused on understanding the pathogenesis, early diagnosis, and clinical treatment of sepsis, the mortality rate among ICU patients with sepsis remains alarmingly high (4, 5). Therefore, identifying applicable prognostic factors for sepsis patients is crucial to facilitate timely interventions and improve patient outcomes.

Previous studies had identified several biomarkers such as oncostatin M (OSM), apoptosis inhibitor of the macrophage (AIM/CD5L), interleukin-26 (IL-26), interleukin-17D (IL-17D), interleukin-37 (IL-37), and growth differentiation factor-15 (GDF-15) as potential predictors of sepsis prognosis (6–11). However, most of these markers were costly and not feasible for routine clinical practice. In light of this, it is worth noting that systemic inflammatory responses play a significant role in the development and progression of sepsis (12). The neutrophils to lymphocytes and platelets (N/LP) ratio, a readily available inflammation marker, had emerged as a low-cost alternative that can be assessed through routine blood counts (13). The N/LP ratio had shown utility in reflecting patients’ inflammatory status and had been identified as a risk factor for adverse outcomes in various conditions, including Corona Virus Disease 2019 (COVID-19) and the occurrence of acute kidney injury (AKI) following abdominal and cardiovascular surgeries (14–16). However, the relationship between N/LP ratios and adverse outcomes in sepsis patients has received limited attention.

Sepsis is a severe infectious disease characterized by dysregulation of the body’s immune system and activation of inflammatory response. During the onset of sepsis, immune cells such as neutrophils and lymphocytes participate in the immune process, and platelets also play an important role in the inflammatory response (17). Studies had shown that the neutrophil-to-lymphocyte ratio (NLR) was considered an indicator of the equilibrium between innate and adaptive immune responses. It had been extensively investigated as a prognostic factor in numerous inflammatory diseases, including sepsis (18–20). However, in cases of sepsis, the activation of inflammation and coagulation systems can lead to platelet aggregation and decrease (21). Consequently, monitoring the N/LP ratio may provide some reference for evaluating the prognosis of sepsis. Currently, there is a paucity of research examining the association between N/LP ratios and the prognosis of sepsis patients in the ICU. Therefore, the main objective of this study was to investigate the prognostic value of the N/LP ratio in ICU patients with sepsis.



Methods


Patient selection

This retrospective analysis was conducted at the Affiliated Hospital of Jiangsu University, focusing on sepsis patients admitted between January 2015 and July 2023, including both internistic and surgical patients. The inclusion criteria comprised patients who met the Sepsis 3.0 diagnostic criteria (confirmed or suspected infection with a total SOFA score of 2 points) (1) at the time of ICU admission and were aged 18 or above. Additionally, patients needed to have complete clinical data available. Exclusion criteria included patients who were discharged or died within 24 h of ICU admission, patients with chronic kidney disease (CKD), and patients with hepatic cirrhosis. A diagnosis of CKD is confirmed if a patient presents a glomerular filtration rate (GFR) below 60 mL/min/1.73 m2 for three consecutive months, accompanied by alterations in any kidney injury marker or evidence from imaging tests (22). The study protocol was approved by the Ethics Committee of the Affiliated Hospital of Jiangsu University (Approval No. KY2023K1007). All patients provided written informed consent.



Data collection

Clinical data for the included patients were extracted from electronic medical records. The collected clinical data encompassed various aspects, including demographic information [age, gender, smoking, body mass index (BMI)], associated comorbidities [hypertension, diabetes, coronary artery disease, chronic obstructive pulmonary disease (COPD), cerebral infarction], infection pathogens (gram-positive bacteria, gram-negative bacteria, fungus, virus), infection locations (multisite infection, lower respiratory infection, gastrointestinal infection, intra-abdominal infection, genitourinary tract infection, bacteremia, skin and soft tissue infection), laboratory test variables [white blood cell (WBC), neutrophil (Neu), lymphocyte (Lym), platelet (PLT), hemoglobin (Hb), C-reactive protein (CRP), albumin (Alb), creatinine, glucose, blood urea nitrogen (BUN), uric acid, endotoxin, procalcitonin (PCT), prothrombin time (PT), D-dimer, potassium, sodium, lactate], severity scores [Acute Physiology and Chronic Health Evaluation II (APACHE II) score, Sequential Organ Failure Assessment (SOFA) score], therapies administered [use of vasoactive drug, continuous renal replacement therapy (CRRT), invasive ventilation] and endpoints (incidence of AKI, length of ICU stay, length of hospital stay, 30 days mortality, 60 days mortality, and ICU mortality). The worst values of the above laboratory markers were collected within 24 h of ICU admission. AKI was diagnosed according to the criteria set by the Kidney Disease Improving Global Outcomes (KDIGO) guidelines (23). Specifically, AKI was defined as an increase in creatinine levels to at least 1.5 times the baseline within the prior 7 days or an absolute increase of at least 0.3 mg/dL within 48 h. It is important to note that the diagnosis of AKI was made after the patient’s admission to the ICU.

The N/LP ratio was calculated using the equation: Neutrophil count × 100/(lymphocyte count × platelet count) (14). Patients were then categorized into three groups based on their N/LP ratio quartile range: low (N/LP <= 5.68, <=25th percentile), middle (5.68 <= N/LP <= 10.4128, 25th–75th percentile), and high (N/LP >= 28.41, >=75th percentile).



Outcomes

The primary outcomes of interest in this study were the 30 days mortality and 60 days mortality. The secondary outcomes included the incidence of AKI, use of vasoactive drugs, CRRT, invasive ventilation, length of ICU stay, length of hospital stay, and ICU mortality.



Statistical analysis

For continuous variables, descriptive statistics such as mean with standard deviation or median with interquartile ranges (IQR) were calculated. The one-way ANOVA test or nonparametric Kruskal–Wallis test was used to compare continuous variables between groups. Categorical variables were presented as frequencies and percentages, and comparisons between groups were made using chi-square or Fisher exact tests. To evaluate the mortality of sepsis patients based on the N/LP ratio, Kaplan–Meier curves, Cox proportional hazards models, and cubic spline regression analyses were performed. Kaplan–Meier curves were used to analyze cumulative survival probabilities at 30 days and 60 days mortality. Multivariate Cox proportional hazard models were employed to examine the relationship between the N/LP ratio and 30 days and 60 days mortality, adjusting for various covariates in different models. Hazard ratios (HR) and 95% confidence intervals (CI) were reported. Model 1 did not include any covariate adjustments, while Model 2 adjusted for age, hypertension, diabetes, Alb, creatinine, BUN, uric acid, SOFA score, CRRT, and invasive ventilation. Model 3 adjusted for age, BMI, smoking, hypertension, diabetes, Hb, CRP, Alb, creatinine, BUN, uric acid, PT, D-dimer, potassium, APACHE II score, SOFA score, vasoactive drug, CRRT, invasive ventilation, and incidence of AKI. Additionally, cubic spline regression analysis was used to visualize the association between the N/LP ratio and mortality risk, with five equally distributed knots along the N/LP ratio curve, placed at 5, 27.5, 50, 72.5, and 95 percentiles for the N/LP ratio. The reference point was set at the 5.68 (25th). The association between the N/LP ratio and the incidence of AKI was investigated through logistic regression models with different degrees of covariate adjustment. Model 1 was an univariate analysis without adjusting for any covariates. Model 2 adjusted for age, gender, hypertension, diabetes, intra-abdominal infection, genitourinary tract infection, WBC, potassium, and lactate level. Model 3 adjusted for age, gender, BMI, hypertension, diabetes, coronary artery disease, gram-negative bacteria, intra-abdominal infection, genitourinary tract infection, bacteremia, WBC, potassium, sodium, and lactate level. Cubic spline regression analysis was also employed to explore the relationship between the N/LP ratio and the occurrence of AKI. Additionally, we performed a stratified analysis to examine whether the N/LP ratio had any association with 30/60 days mortality in specific subgroups based on age, gender, hypertension, diabetes, SOFA score, and AKI. We also investigated whether the N/LP ratio was associated with the occurrence of AKI in subgroups stratified by age, gender, hypertension, diabetes, SOFA score, and lactate level. Furthermore, we estimated the predictive value of the N/LP ratio for 30/60 days mortality and the incidence of AKI using the ROC analysis. To assess the association between the N/LP ratios and in-hospital adverse outcomes, multivariate binary logistic or Cox or linear regression analysis was employed. All statistical analyses were conducted using IBM SPSS 26.0, GraphPad Prism 9.0, and R version 4.2.0. Statistical significance was defined as a p-value less than 0.05 (two-sided).




Results


Patient characteristics

In this study, a total of 1,066 patients were included (Figure 1). The distribution of the N/LP ratio was summarized as follows: the 25th percentile, median, and 75th percentile were 5.68, 12.14, and 28.41, respectively. Based on predefined grouping criteria, 266 patients were categorized into the low N/LP group, 534 into the middle N/LP group, and 266 into the high N/LP group. Table 1 presented the baseline characteristics of the patients. The median age was 75.0 years (interquartile range: 66.0, 85.0), with 666 (62.5%) being male. Among the enrolled patients, 209 (19.6%) were smokers, and the median BMI was 22.60 kg/m2 (interquartile range: 19.92, 25.38). Hypertension (51.7%) was the most prevalent comorbidity, followed by diabetes (36.9%), cerebral infarction (14.4%), coronary artery disease (10.3%), and COPD (7.7%). Regarding the source of infection, the high N/LP group had a higher proportion of gram-negative bacteria (p = 0.005) and multisite infection (p < 0.001) compared to the other groups. Several laboratory parameters were significantly different among the N/LP groups. The high N/LP group had significantly higher levels of WBC, Neu, CRP, creatinine, BUN, uric acid, PCT, PT, D-dimer, and lactate (p < 0.001). Conversely, Lym, Hb, PLT, and Alb were significantly lower in the high N/LP group (p < 0.001). As anticipated, the high N/LP group demonstrated significantly higher APACHE II score and SOFA score when compared to the other groups (p < 0.001, p < 0.001, respectively). Spearman’s analysis was conducted to examine the correlation between N/LP ratios and APACHE II score and SOFA score (Figure 2). The resulting correlation coefficients were as follows: N/LP and APACHE II score = 0.121 (p < 0.001), N/LP and SOFA score = 0.174 (p < 0.001).
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FIGURE 1
 Flow diagram of the study. ICU, intensive care unit.




TABLE 1 Baseline demographic and clinical characteristics by different N/LP ratios in sepsis patients.
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FIGURE 2
 Association between N/LP ratios and APACHE II score (A) and SOFA score (B) using Spearman’s analysis. APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment.




Patient outcomes

Among the 1,066 patients included in the study, 715 (67.1%) received vasoactive drugs and 720 (67.5%) required invasive ventilation. AKI was diagnosed in 483 (45.2%) patients, with 74 (6.9%) requiring CRRT. During the hospital admission, a total of 306 (28.7%) deaths occurred within 30 days, and 362 (34.0%) deaths occurred within 60 days (Table 2). Additionally, the median length of ICU stay was 6 days (interquartile range: 3, 12), and the median length of hospital stay was 17 days (interquartile range: 11, 25). Among the patients admitted to the ICU, 346 (32.5%) individuals died during their ICU admission.



TABLE 2 Patient outcomes based on the N/LP ratio.
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The relationship between N/LP ratios and 30/60 days mortality

As indicated in Table 2, there was a significant variation in 30/60 days mortality within each N/LP group. The mortality rates increased progressively with higher N/LP ratios (Figures 3A,B). Furthermore, the cumulative incidence curves generated using the Kaplan–Meier method and the log-rank test (p < 0.001) displayed the same pattern (Figure 4). To further investigate the impact of different N/LP ratios on 30/60 days mortality in sepsis patients, univariate and multivariate Cox proportional hazards regression analyses were conducted (Figures 5A,B). Based on the results of the univariate Cox analysis, variables such as age, BMI, smoking, hypertension, diabetes, Hb, CRP, Alb, creatinine, BUN, uric acid, PT, D-dimer, potassium, APACHE II score, SOFA score, vasoactive drug, CRRT, invasive ventilation, and incidence of AKI were included in the multivariate analysis. The findings demonstrated that a high N/LP ratio was associated with an increased HR for both 30 days and 60 days mortality in sepsis patients. This association remained consistent in all three models. In Model 3, after adjusting for all twenty-one covariates, the middle and high N/LP ratio groups had a 1.990/3.106-fold higher risk of 30 days mortality (95% CI: 1.329, 2.981; 95% CI: 2.028, 4.758, respectively) and a 2.066/3.046-fold higher risk of 60 days mortality (95% CI: 1.421, 3.003; 95% CI: 2.054, 4.517, respectively) compared to the low N/LP group. Moreover, the relationship between N/LP ratios and 30/60 days mortality risk was assessed using cubic spline regression analyses (Figures 6A,B). The HR for 30/60 days mortality significantly increased when the N/LP ratio upon ICU admission exceeded or equaled 5.68. Furthermore, the risk of 30/60 days mortality substantially escalated with higher N/LP ratios.
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FIGURE 3
 The 30/60 days mortality and the proportion of AKI in different N/LP groups. (A) The 30 days mortality of sepsis patients in each N/LP group were 11.7% (low N/LP group), 28.3% (middle N/LP group), and 46.6% (high N/LP group); (B) The 60 days mortality of sepsis patients in each N/LP group were 13.5% (low N/LP group), 34.6% (middle N/LP group), and 53.0% (high N/LP group); (C) The proportion of AKI in each N/LP group were 31.2% (low N/LP group), 42.7% (middle N/LP group), and 64.7% (high N/LP group). Statistical analysis by chi-square test; *p < 0.05 and **p < 0.001. AKI, acute kidney injury.
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FIGURE 4
 Kaplan–Meier analysis for 30/60 days survival basing on the N/LP ratio. (A) Kaplan–Meier analysis for 30 days survival basing on the N/LP ratio at ICU admission. (B) Kaplan–Meier analysis for 60 days survival basing on the N/LP ratio at ICU admission.
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FIGURE 5
 Multivariate cox proportional hazard model for 30 days (A) and 60 days (B) mortality based on N/LP ratio; Model 1: univariate analysis; Model 2: adjusted for age, hypertension, diabetes, Alb, creatinine, BUN, uric acid, SOFA score, CRRT, and invasive ventilation; Model 3: adjusted for age, BMI, smoking, hypertension, diabetes, Hb, CRP, Alb, creatinine, BUN, uric acid, PT, D-dimer, potassium, APACHEII score, SOFA score, vasoactive drug, CRRT, invasive ventilation, and incidence of AKI. BMI, body mass index; Hb, hemoglobin; CRP, C-reactive protein; Alb, albumin; BUN, blood urea nitroge; PT, prothrombin time; APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment; CRRT, continuous renal replacement therapy; ICU, intensive care unit; AKI, acute kidney injury.
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FIGURE 6
 The association between N/LP ratios and the adverse outcomes risk by using cubic spline regression analyses. The 30 days mortality risk (A), 60 days mortality risk (B), and AKI occurrence (C) were analyzed by using cubic spline regression basing on the N/LP ratio. AKI, acute kidney injury.




The incidence of AKI in various N/LP groups

According to the data presented in Table 2, the high N/LP group showed a significantly higher proportion of patients with AKI compared to the other groups (p < 0.001). Furthermore, as shown in Figure 3C, the proportion of AKI cases increased with higher N/LP ratios. The results of the multivariate logistic regression analysis, summarized in Figure 7, indicated that only the high N/LP group had a significantly increased risk of AKI compared to the low NLR group (HR 2.460; 95%CI: 1.496, 4.046), despite the fact that HR increased. Additionally, the cubic spline regression analysis demonstrated a clear association between an increased N/LP ratio and a higher risk of AKI occurrence (Figure 6C).

[image: Figure 7]

FIGURE 7
 Multivariate logistic regression analyses for AKI occurrence based on N/LP ratio; Model 1: univariate analysis; Model 2: adjusted for age, gender, hypertension, diabetes, intra-abdominal infection, genitourinary tract infection, WBC, potassium and lactate level; Model 3: adjusted for age, gender, BMI, hypertension, diabetes, coronary artery disease, gram-negative bacteria, intra-abdominal infection, genitourinary tract infection, bacteremia, WBC, potassium, sodium and lactate level. BMI, body mass index; WBC, white blood cell count; AKI, acute kidney injury.




Subgroup analysis

We conducted subgroup analyses to investigate the correlation between different N/LP ratios and the risk of 30 days or 60 days mortality in patients with sepsis in the ICU. The results are presented in Tables 3, 4. Interaction tests were conducted to examine the potential influence of age, gender, hypertension, diabetes, SOFA score, and AKI on the risk of mortality. However, these tests yielded non-significant results for both 30 days mortality (p = 0.154, 0.104, 0.055, 0.967, 0.907, and 0.990) and 60 days mortality (p = 0.279, 0.360, 0.117, 0.897, 0.508, and 0.761). Moreover, a subgroup analysis was performed to evaluate the association between N/LP ratios and the risk of AKI in septic patients. The results are presented in Supplementary Table S1. Similarly, interaction tests were conducted to assess the potential impact of age, gender, hypertension, diabetes, SOFA score, and lactate level on the risk of AKI. However, these tests also yielded non-significant results (p = 0.982, 0.110, 0.237, 0.779, 0.208, and 0.415). Nevertheless, we observed that higher N/LP ratios had a noticeable impact on male patients, older individuals, and those with poor health conditions.



TABLE 3 Subgroup analysis regarding the influence of different N/LP ratios in the 30 days mortality.
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TABLE 4 Subgroup analysis regarding the influence of different N/LP ratios in the 60 days mortality.
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ROC analysis of the predictive value of the N/LP ratio for 30/60 days mortality and incidence of AKI

We conducted AUC analyses to evaluate the predictive value of the N/LP ratio and other relevant indicators. The N/LP ratio exhibited a higher AUC (0.684, 95% CI: 0.650, 0.718) for predicting 30 days mortality, with a cut-off value of 11.49 (Figure 8A). In comparison, the AUC values for NLR, WBC, Neu, Lym, PLT, CRP, Alb, creatinine, glucose, BUN, uric acid, PCT, D-dimer, and lactate level were 0.641, 0.537, 0.548, 0.629, 0.621, 0.548, 0.559, 0.635, 0.530, 0.681, 0.631, 0.511, 0.621, and 0.675, respectively (Table 5). The sensitivity and specificity for predicting 30 days mortality using the N/LP ratio were 72.5 and 56.7%, respectively. Similarly, the N/LP ratio also demonstrated a higher AUC (0.687, 95% CI: 0.654, 0.719) for predicting 60 days mortality compared to the other indicators (Figure 8B). The AUC values for NLR, WBC, Neu, Lym, PLT, CRP, Alb, creatinine, glucose, BUN, uric acid, PCT, D-dimer, and lactate level were 0.652, 0.543, 0.557, 0.633, 0.608, 0.547, 0.569, 0.618, 0.540, 0.666, 0.596, 0.499, 0.617, and 0.676, respectively (Table 5). The ROC analysis identified a cut-off value of 11.83 for the N/LP ratio, with a sensitivity of 70.7% and specificity of 59.4% in predicting 60 days mortality. Furthermore, we found that the N/LP ratio was also predictive of the incidence of AKI, with an AUC value of 0.645 (95% CI: 0.611, 0.678) and a cut-off value of >25.99 (Figure 8C). The sensitivity and specificity for predicting AKI using the N/LP ratio were 39.5 and 82.3%, respectively (Supplementary Table S2).
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FIGURE 8
 The predictive value of N/LP ratio for 30 days/60 days mortality and AKI occurrence by ROC analysis. (A) The predictive value of N/LP ratio for 30 days mortality by ROC analysis; (B) The predictive value of N/LP ratio for 60 days mortality by ROC analysis; (C) The predictive value of N/LP ratio for AKI occurrence by ROC analysis. ROC, receiver operating characteristic curve; AUC, area under curve; AKI, acute kidney injury.




TABLE 5 The diagnostic accuracy of various prediction factors for 30/60 days mortality.
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Association between N/LP ratios and other secondary outcomes

Univariate analysis revealed that the high N/LP group was significantly associated with an increased risk of CRRT (p < 0.001), vasoactive drug usage (p < 0.001), longer ICU stay (p < 0.001), and higher ICU mortality rate (p < 0.001) when compared to the other groups (Table 2). After adjusting for confounding factors, such as age, sex, hypertension, diabetes, WBC, CRP, Alb, creatinine, BUN, uric acid, PCT, D-dimer, and lactate level, both the middle and high N/LP groups showed a greater risk of ICU mortality with a 2.451/3.830-fold increase (95%CI: 1.273, 4.718; 95%CI: 1.934, 7.585, respectively) compared to the low NLR group. In addition, only the high N/LP group exhibited a significantly increased risk of vasoactive drug usage (95%CI: 1.090, 4.435) and longer ICU stay (95%CI: 0.921, 3.457). However, the N/LP ratio was not found to be predictive of CRRT, invasive ventilation, or length of hospital stay (Table 6).



TABLE 6 Relationship between different N/LP ratios and secondary outcomes.
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Discussion

In the present study, we had employed various methods to evaluate the association between N/LP ratios and adverse outcomes in sepsis patients. Our findings indicated that the initial N/LP ratio was an independent predictor of 30/60 days mortality and the incidence of AKI after ICU admission. Moreover, we observed that these impacts were more pronounced among male patients, older individuals, and those with a poor health status. Furthermore, we found that the initial N/LP ratio at ICU admission outperforms other biomarkers, such as NLP, WBC, Neu, Lym, PLT, CRP, Alb, creatinine, glucose, BUN, uric acid, PCT, D-dimer, and lactate, in predicting 30/60 days mortality. Additionally, we observed that N/LP measured at sepsis prognosis also exhibited good predictive power for AKI occurrence. Finally, a higher N/LP ratio was found to be strongly associated with disease severity in sepsis patients, including the need for vasoactive drugs, length of ICU stay, and ICU mortality.

Sepsis, a leading cause of serious complications and death in critically ill patients, poses challenges in terms of prevention (24). Early recognition of sepsis is crucial for timely intervention and improving prognosis. Recent evidence suggested that inflammatory response, neutrophil extracellular traps, inflammatory bodies, apoptosis, and endothelial cell dysfunction may be the underlying mechanisms responsible for sepsis development (12, 25–28). Sepsis triggers a systemic cytokine-chemokine response, leading to extensive activation and dysfunction of the immune system. This immune system dysregulation is often manifested as an increase in neutrophilia and decrease in lymphopenia (29). The NLR, calculated from whole blood counts, serves as a biomarker that reflects the interaction between the innate immune system (neutrophils) and adaptive immune system (lymphocytes) (20). Previous studies had highlighted the significance of the NLR in predicting outcomes for a range of inflammation-associated and physiological stress-induced diseases, such as COPD, cancer, and kidney diseases (30–32). Specifically, extensive research had been conducted on the correlation between NLR and adverse outcomes in community-acquired pneumonia (CAP) (33, 34). In the context of CAP, NLR had emerged as a powerful tool for predicting prolonged hospitalization, ICU admission, and even mortality. Notably, a study by Regolo et al. had investigated the association between NLR and adverse outcomes in COVID-19 patients (35, 36). Their findings underscored the importance of NLR as a significant predictor of disease progression and mortality in individuals affected by COVID-19. While there was evidence suggesting an association between NLR and mortality in sepsis patients, the relationship between NLR and clinical prognosis remained a topic of debate (37). In a study by Schupp et al., NLR was found to be a reliable diagnostic tool for identifying patients with sepsis, but no association with an increased risk of 30 days all-cause mortality was observed (38). Similarly, recent research had indicated that there was no relationship between NLR and patient outcomes in sepsis at ICU admission (39). These findings contradicted previous studies conducted on oncology patients with sepsis, where NLR showed promise as a prognostic marker (40).

One possible explanation for these conflicting results is the intricate interplay between immune dysregulation, inflammatory response, and coagulation dysfunction, leading to microvascular dysfunction, platelet activation, and microthrombosis, ultimately resulting in endothelial cell dysfunction (41, 42). To increase the sensitivity of predicting patient outcomes, platelet count has been incorporated into the ratio, given its close association with the inflammatory response and coagulation. Subsequently, Koo et al. developed a combined ratio of N/LP to predict its association with mortality after cardiovascular surgery (16). Additionally, numerous studies had validated the efficiency of a rising N/LP ratio as a predictor of in-hospital mortality in COVID-19 patients and those undergoing emergency surgery (14, 43). However, limited research had been conducted on the association between N/LP ratios and mortality in sepsis patients. In the present study, we found that an elevated N/LP ratio in sepsis patients was independently correlated with 30/60 days mortality. Moreover, the N/LP ratio at ICU admission outperformed traditional disease markers, such as NLP, WBC, Neu, Lym, PLT, CRP, Alb, creatinine, glucose, BUN, uric acid, PCT, D-dimer, and lactate level, in predicting mortality at 30 and 60 days. These findings suggested that early elevation of the N/LP ratio may serve as a potential predictor of short-term mortality in sepsis patients.

Sepsis is a condition characterized by a systemic inflammatory response to an infectious injury, which often leads to multiple organ dysfunction (44). AKI is a common and serious complication in sepsis patients, with an incidence as high as 50% and a mortality rate of 60 to 70% (45). However, the available treatment options for septic AKI are limited. Previous studies had suggested that traditional biomarkers such as serum creatinine concentrations and urine output were not ideal or reliable indicators for diagnosing septic AKI (46, 47). As a result, researchers had explored several novel biomarkers for early detection of septic AKI, including kidney injury molecule-1 (KIM-1), neutrophil gelatinase-related lipocalin (NGAL), liver-type fatty acid binding protein (L-FABP), tissue inhibitor of metalloproteinase 2 (TIMP2), and insulin-like growth factor binding protein 7 (IGFBP7) (48–52). However, most of these biomarkers still require external validation and further clinical investigation. In recent years, the N/LP ratio had emerged as an economically viable and widely available biomarker associated with kidney function (53). A recent retrospective study demonstrated a significant association between varying N/LP ratios and the occurrence of AKI following abdominal and cardiovascular surgery (15, 16). In our current study, we observed that elevated N/LP ratios in sepsis patients were associated with an increased risk of AKI occurrence, which was consistent with a previous report on AKI patients in the ICU (13). Furthermore, our study revealed that the initial N/LP ratio measured at ICU admission can serve as a predictive factor for the occurrence of AKI. These findings indicated that evaluating the N/LP ratio could potentially enable earlier diagnosis of AKI, which in turn may contribute to a reduction in AKI incidence.

In this study, we aimed to investigate the association between N/LP ratios and adverse outcomes. The severity of illness and risk of mortality in critically ill patients are commonly assessed using the SOFA score and APACHE II score (54, 55). Previous studies had consistently reported that high SOFA or APACHE II scores were independent predictors of poor prognosis in sepsis patients (56, 57). We performed correlation analyses to examine the relationship between N/LP ratios and SOFA score and APACHE II score, and our findings revealed a statistically significant positive correlation. In relation to in-hospital events, an elevated N/LP ratio at the time of ICU admission emerged as a valuable inflammatory marker for evaluating the need for vasoactive drugs, prolonged ICU stays, and the risk of ICU mortality in sepsis patients. These findings underscored the significance of the initial N/LP value upon ICU admission in facilitating the early identification of adverse outcomes. Consequently, it is crucial to provide timely intervention for patients with a high N/LP value to prevent further deterioration.


Strengths and limitations

Our study had several strengths. The study was one of the first to investigate the association between N/LP ratios and adverse outcomes in sepsis patients, contributing new knowledge to the field. Various regression models were used to analyze the effect of N/LP ratio on sepsis patients, increasing the robustness of the findings. The study utilized variables that were part of daily clinical practice, enhancing the generalizability of the results. The results were reliable and provide a foundation for clinical diagnosis and intervention in sepsis patients. However, this study had several limitations. First, the study was limited by its retrospective nature, which introduced the possibility of selection bias and affects the causal interpretation of the findings. Second, only the impact of the N/LP ratio on 30/60 days mortality and occurrence of AKI in sepsis patients was analyzed, limiting the scope of the study’s findings. Third, the lack of recorded prehospital interventions that could affect the N/LP ratio reduces the comprehensiveness of the analysis. Moreover, the study only examined the N/LP ratio within 24 h of ICU admission, failing to capture the dynamic changes in N/LP ratio over time in sepsis patients. Additionally, data of this study cannot be extrapolated all over the world because of race differences. Finally, due to the lack of some data regarding blood gas analyses, data on PaO2/FiO2 (P/F) were not shown, so deppriving the statistical analysis of an important variable extremely useful to assess the severity of respiratory failure. To further validate and strengthen the findings, it is recommended to design a large multicenter prospective study that addresses the limitations mentioned above. This would provide more robust evidence regarding the association between N/LP ratio and sepsis outcomes.




Conclusion

This retrospective study provided evidence that an elevated N/LP ratio at ICU admission was associated with a higher risk of 30/60 days mortality and the incidence of AKI in sepsis patients. The N/LP ratio showed potential as a useful biomarker for predicting these outcomes. Furthermore, the impact of N/LP ratio on outcomes appeared to be stronger in male patients, older individuals, and those with poorer health status. However, it is important to note that further research is needed to validate these findings, preferably through large-scale multicenter prospective studies.
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No 224/779 Ref 3.136 (1.895, 5.190) <0.001 6.958 (4.080, 11.868) <0.001

SOFA score 0.907
<=12 110/608 Ref 6.500 (2.177, 19.423) <0.001 5.205 (1,980, 13.684) <0.001

>12 196/458 Ref 5.960 (2.290, 15.515) <0.001 3.440 (1.344, 8.803) 0.007

AKI 0.990
Yes 188/483 Ref 4.761 (2.335,9.705) <0.001 7.648 (3.703, 15.796) <0.001

No 118/583 Ref 1921 (1.126, 3.277) 0.015 4.788 (2.586, 8.866) <0.001

P1: Middle N/LP group vs Low N/LP group; P2: High N/LP group vs Low N/LP group; SOFA, sequential organ failure assessment; AKI, acute kidney injury.
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Hazard Ratio (95% CI)

Model HR (95% CI) P
Model 1
Low N/LP group NA NA
Middle N/LP group —— 2.428 (1.649,3.574) <0.001
High N/LP group —— 4.420 (2,982, 6.552) <0.001
Model 2
LowN/LP group ¢ NA NA
Middle N/LP group | +——@——— 2.156 (1460, 3.183) <0.001
High N/LP group ——————i 3.475 (2304, 5.240) <0.001
Model 3
Low N/LP group ¢ NA NA
Middle N/LP group | +—o——— 1,990 (1.329,2.981) 0.001
High N/LP group —— 3.106 (2.028, 4.758) <0.001
10 3.0 5.0 70
Hazard Ratio (95% CI)
B
Model HR (95% CI) P
Model 1
Low N/LP group NA NA
Middle N/LP group —— 2.534(1.773,3.622) <0.001
High N/LP group [ S— 4231 (2.934,6.102) <0.001
Model 2
Low N/LP group NA NA
Middle N/LP group —e—oi 2270 (1.584,3.254) <0.001
High N/LP group ———— 3.468 (2,369, 5.077) <0.001
Model 3
Low N/LP group NA NA
Middle N/LP group | +——@—— 2.066 (1.421, 3.003) <0.001
High N/LP group —— 3.046 (2.054,4.517) <0.001
10 3.0 50 7.0
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Variables Overall Low N/LP group  Middle N/LP group  High N/LP group

(N/LP<=5.68) (5.68 <N/LP<28.41) (N/LP>=28.41)

N 1,066 266 534 266
Age, years 75.0 (6.0, 85.0) 75.0 (620, 85.0) 75.5(66.0,85.0) 75.0 (660, 840) 0681
Male, n (%) 666 (62.5) 169 (63.5) 336 (629) 161 (60.5) 0740
BMI, kg/m? 22.49.(20.05, 25.15) 23.41 (20,02, 26.03) 2249 (20.00,24.97) 22,04 (20.20,2433) 0049
Smoking, 1 (%) 209(19.6) 52(19.5) 103 (19.3) 54(203) 0947
Comorbidities, n (%)

Hypertension 551(51.7) 148 55.6) 275(51.5) 128 (48.1) 0220
Diabetes 267 (269) 78(29.3) 138 (25.8) 71(267) 0576
Coronary artery discase 110(10.3) 59(22.2) 55(10.3) 26(98) 0906
copp 820.7) 21(7.9) 4107 20(7.5) 0987
Cerebral infarction 153 (14.4) 37(13.9) 93(17.4) 23(86) 0,004
Infection pathogens, n (%)

Gram-positive bacteria 132(12.4) 330124 68(127) 31017) 0909
Gram-negative bacteria 317(297) 72(27.1) 145 (27.2) 100 (37.6) 0.005
Fungus 76(7.1) 1y 40(75) 25.(9.4) 0036
Virus 58(5.4) 9(34) 35.(66) 14(53) 0175
Infection sites, n (%)

Mulisite Infection 115(10.8) 13(49) 55(10.3) 47017.7) <0001
Lower respiratory infection 421(395) 101 (38.0) 225 (421) 95(35.7) 0182
Gastrointestinal infe 8(08) 2008) 3(06) 30 0683
Intra-abdominal infection 362(340) 111 (417) 172(322) 79(297) 0,007
Genitourinary tract infection 66(6.2) ey 34(64) 21(79) 0193
Bacteremia 1(1.0) 0(0) 5(09) 6(23) 0014
Skin and soft tissue infection 807.8) 28(10.5) 40(75) 15(56) 0.103
Laboratory tests

WBC *107L 1140 (740,17.13) 865 (528, 12.30) 1190 (7.90, 17.20) 1420 990, 20.43) <0001
Neu *10'L 10.10 (638, 15.60) 6.60(3.90,10.33) 1055 (7.10,15.75) 1360 (9.18,19.73) <0001
Lym *10/L 06(03,09) L1(07,15) 05(04,08) 03(02,05) <0001
Hb, g/dL. 115(97,129) 121(103,135) 11398, 129) 11190, 125) <0001
PLT #1071 150 (95, 214) 214 (169, 284) 154 (110, 211) 81(48,118) <0001
CRE, mg/L. 103,15 (4228, 161.45) 6305 (1378, 117.20) 107.40 (46,18, 162.10) 132,30 (7373, 190.30) <0001
Alb, g/L 2820 (24.10,33.20) 3030 (25.18, 34.83) 2810 (2450, 33.10) 2680 (2270, 31.15) <0001
Creatinine, pmol/L. 91.75 (6320, 150.28) 77.55(55.20, 120.5) 85.60 (6140, 141.90) 129,60 (78.88, 215.93) <0001
Glucose, mmol/L 8.20(654,11.69) 7.92(645,10.77) 823(657,11.95) 852(654,11.97) 0210
BUN, mmol/L. 881 (598, 13.96) 7.00 (4.92,10.43) 850 (5.96,12.68) 1281 (833,19.07) <0001
Uric acid, pmol/L 267,80 (190.05,41173)  269.55 (18448, 374.93) 276,05 (183.65, 393.50) 34335 (230.43, 488.93) <0001
Endotoxin, EU/mL 0.10(0.04,034) 0.07(003,026) 0.11(005,036) 0.08(003,033) 0129
PCT, ng/ml. 395 (0.39, 26.00) 097 (0.16,10.25) 270(039,22.75) 19.00 (278, 47.25) <0001
PLs 135 (124,150) 130(120,142) 135123, 148) 146 (13.1,1673) <0001
D-dimer, mg/L 127 (2.13,845) 310163, 6.00) 432(211,820) 609 (3.06,12.61) <0001
Potassium, mmol/L. 368 (3.29,4.16) 372(3.28,4.15) 367(3.32,4.11) 371(3.29,4.28) 0618
Sodium, mmol/L. 13520 (13140, 139.00) 135,55 (131,80, 139.00) 135.30 (131,60, 139.00) 13435 (130.13, 138.80) 0141
Lactate, mmol/L. 21014,38) 18(12,28) 20(14,36) 28(18,5.1) <0001
Severity scoring

APACHE Il score 25(20,30) 23(18,30) 25(19,30) 28(22,33) <0001
SOFA score 12(10,14) 109,13) 12(10,14) 14(11,15) <0001

BMI, body mass index; COPD, chronic obstructive pulmonary discase; WBC, white blood cell; Neu, neutrophil Lym, lymphocyte; PL, platelet; CRP, C-reactive protein; Alb, albumin; BUN,
blood urea nitroge; PCT, procalcitonin; P, prothrombin time; APACHE I1, acute physiology and chronic health evaluation Il; SOFA, sequential organ failure assessment,
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Model 1

Low N/LP group ] NA NA
Middie N/LP group ——i 1.643 (1204, 2.424) 0.002
High N/LP group e 4034 (2811,5.790) <0.001
Model 2

Low N/LP group ] NA NA
Middle N/LP group —o—i 1,594 (1.103,2302) 0.013
High N/LP group ———— 3.186 (2,072, 4.899) <0.001
Model 3

Low N/LP group ] NA NA
Middle N/LP group —e— 1488 (0.979,2.263) 0.063
High N/LP group R — 2,460 (1.496, 4.046) <0.001
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108 patients were excluded:
1) Younger than 18 years (n=1)

2) Chronic kidney disease (n=70)
3) Hepatic sclerosis (n=7)

4) Length of ICU stay <24h (n=30)

1066 patients were
enrolled

According to N/LP ratio,
1066 patients were divided
into three groups

Low N/LP group Middle N/LP group High N/LP group

(N/LP<=5.68) (5.68<N/LP<28.41) (N/LP>=28.41)
266 patients 534 patients 266 patients
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