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Background: Sepsis is a life-threatening condition that requires rapid assessment 
to reduce mortality. This study investigates the relationship between the 
Neutrophil-to-Monocyte/Lymphocyte Ratio (NMLR) upon ICU admission and 
28-day mortality in sepsis patients.

Methods: A retrospective analysis was performed using clinical data from 
sepsis patients in the Medical Information Mart for Intensive Care IV (MIMIC-
IV). Multivariate logistic regression, sensitivity analyses, and Restricted Cubic 
Spline (RCS) models were employed to explore the relationship between ICU 
admission NMLR and 28-day mortality. Kaplan–Meier method and inverse 
probability weighting (IPW) were used to adjust for confounders and estimate 
survival outcomes. Receiver operating characteristic (ROC) curve evaluating the 
predictive value of NLMR for 28-day mortality in ICU sepsis patients. Subgroup 
analyses considered factors like age, sex, race, comorbidities, and disease 
severity.

Results: In total, 8,710 patients were included. Increased NMLR was associated 
with higher 28-day all-cause mortality, confirmed by multiple logistic regression 
models. In Model 3, after adjusting for confounders, each standard deviation 
increase in NMLR was associated with a 1.5% increase in 28-day mortality 
risk. Kaplan–Meier and IPW survival analyses showed higher 28-day all-cause 
mortality in patients with elevated NMLR levels at ICU admission compared to 
those with lower levels (p  <  0.0001, p  =  0.031). RCS models suggested a potential 
non-linear relationship between NMLR and 28-day mortality. ROC curve for the 
NMLR model, with an AUC of 0.658 (95% CI: 0.642–0.673). Sensitivity analyses 
confirmed the association even after excluding patients with myocardial 
infarction and severe liver disease.

Conclusion: Elevated NMLR at ICU admission is significantly associated with 
increased 28-day all-cause mortality in sepsis patients, suggesting its potential 
as an early prognostic indicator for risk assessment and intervention.
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Introduction

Sepsis is defined as a life-threatening organ dysfunction caused by 
dysregulated host response to infection (1). In recent years, the 
incidence and prevalence of sepsis have significantly increased 
globally (2, 3), constituting a major global health burden. Therefore, 
rapid detection of sepsis is crucial for reducing mortality. Although 
much about the pathophysiology of sepsis remains unknown, most 
studies indicate that it is directly related to the altered immune 
function and dysregulation of inflammatory and anti-inflammatory 
systems (4). Many laboratory parameters serve as biomarkers for 
inflammation and prognosis, but they have limitations that restrict 
their clinical applications, including high costs, limited diagnostic 
accuracy, and long processing times. In contrast, inflammation and 
immune cell counts are inexpensive and easily accessible measurement 
methods, allowing easy acquisition of inflammation response 
parameters from full blood cell counts (5).

Many studies have shown that ratios involving different types of 
white blood cells, such as the Neutrophil-to-Lymphocyte Ratio (NLR) 
and the Neutrophil-to-Monocyte-to-Lymphocyte Ratio (NMLR), are 
valuable biomarkers for assessing systemic inflammation and 
predicting the prognosis of certain health problems (6, 7). The ratio of 
peripheral neutrophil and monocyte counts to peripheral lymphocyte 
counts (NMLR) is an effective indicator of inflammation and immune 
status. Some studies suggest that the NMLR is a prognostic indicator 
of inflammatory and immune diseases as well as acute myocardial 
infarction (8–10). However, evidence regarding the correlation 
between NMLR and 28-day mortality in intensive care unit (ICU) 
sepsis patients remains limited. Therefore, we conducted this study to 
investigate the relationship between NMLR at ICU admission and 
28-day mortality in ICU sepsis patients.

Methods

Database introduction

The data used in our study were extracted from the Medical 
Information Mart for Intensive Care IV (MIMIC-IV version 2.2) 
database (DOI: 10.13026/6 mm1-ek67) (11). This registry was 
developed from sophisticated multi-parameter monitoring systems at 
the Beth Israel Deaconess Medical Center (BIDMC) in Boston, 
Massachusetts, encompassing detailed records of over 50,000 patients 
admitted from 2008 to 2019 (12). Author Xu, having completed the 
Citi Program online training course (record ID 59568270), extracted 
data using the PostgreSQL tool.

Definitions

The NMLR is defined as the ratio of the combined counts of 
peripheral neutrophils and monocytes to the count of peripheral 
lymphocytes. It is further categorized into three classes based on 
tertiles: NMLR1 (<4.28), NMLR2 (4.28–9.39), and NMLR3 (>9.39). 
Acute kidney injury (AKI) is identified by a serum creatinine increase 
exceeding 1.5 times the baseline (13). Shock is defined by the need for 
vasoactive drugs during an ICU stay. Sepsis was identified in 
accordance with the Sepsis-3 criteria, defined by a Sequential Organ 

Failure Assessment (SOFA) score of 2 or more points concurrent with 
an infection (1).

Participants and data extraction

Patients aged over 18 years and above who were admitted to the 
Intensive Care Unit and diagnosed with sepsis were enrolled in this 
retrospective study. Exclusion criteria included: (1): Patients with 
previous ICU admissions, to avoid data duplications; (2) Patients 
whose survival time was less than 24 h, ensuring sufficient evaluation 
of their clinical status and outcomes; (3) Patients with incomplete data 
regarding neutrophil count, monocyte count, or lymphocyte count, 
which are critical for precise NMLR calculation.

The primary endpoint of this study was the 28-day mortality rate. 
The extracted dataset encompassed a range of demographic and 
clinical variables, including age, gender, ethnicity, medical history of 
myocardial infarction, congestive heart failure, chronic pulmonary 
disease, diabetes without controlled, severe liver disease, 
cerebrovascular disease, renal disease, and the Charlson comorbidity 
index. Additionally, the study considered the initial SOFA score, 
Simplified Acute Physiology Score II (SAPS II), vital signs (systolic, 
diastolic, and mean arterial blood pressures; heart rate; respiratory 
rate; body temperature; pulse oximetry readings), anthropometric 
data (weight), and laboratory parameters (white blood cell, 
hemoglobin, platelet, anion gap, bicarbonate, chloride concentration, 
glucose, sodium, potassium, creatinine, blood urea nitrogen, calcium, 
prothrombin time, and albumin). Clinical interventions such as 
invasive ventilation and continuous renal replacement therapy 
(CRRT), as well as the occurrence of septic shock and acute kidney 
injury within the first 2 days after admission, were also recorded. 
Furthermore, the study tracked the length of stay in the ICU, the total 
duration of hospitalization, and in-hospital mortality. All baseline data 
were collected within the initial 24 h of ICU admission.

Statistical analysis

The data were analyzed using R version 4.2.1 and Stata version 
18.0. Continuous variables were reported as mean (standard 
deviation) or median (interquartile range), and categorical variables 
were expressed as percentages. The baseline characteristics across 
various NMLR categories were assessed using the chi-square test for 
categorical data, one-way analysis of variance for normally distributed 
continuous data, and the Kruskal-Wallis H test for non-normally 
distributed data.

This study explored the relationship between NMLR and 28-day 
all-cause mortality through a multivariate logistic regression analysis. 
To assess multicollinearity, Variance Inflation Factor (VIF) values were 
utilized, with those exceeding 10 indicating significant 
multicollinearity. Three distinct models were developed: Model 1, an 
unadjusted baseline model; Model 2, which was adjusted for age, sex, 
and ethnicity; and Model 3, which accounted for all variables using a 
backward regression approach. The comprehensive set of variables 
incorporated into the final analysis included age, congestive heart 
failure, chronic pulmonary disease, diabetes without control, severe 
liver disease, cerebrovascular disease, renal disease, Charlson 
comorbidity index, first day of SOFA score, SAPS II, systolic blood 
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pressure, diastolic blood pressure, mean blood pressure, heart rate, 
respiratory rate, Temperature, pulse oxygen saturation, weight, 
hemoglobin, anion gap, bicarbonate, chloride, sodium, potassium, 
creatinine, blood urea nitrogen, calcium, prothrombin time, albumin, 
Invasive ventilation, Septic shock, AKI within 2 days of admission, 
length of stay in the ICU, Length of hospital stay. A backward 
elimination regression procedure was employed to include variables 
meeting a significance threshold of p < 0.05 and to exclude those with 
significance levels exceeding p > 0.1.

Subgroup analyses were conducted based on factors such as age 
(<65 and ≥ 65 years), sex, ethnicity, myocardial infarction, congestive 
heart failure, cerebrovascular disease, chronic pulmonary disease, 
diabetes without control, sever liver disease, renal disease, Charlson 
comorbidity index (<7 and ≥ 7), AKI, CRRT, invasive ventilation.

Sensitivity analysis was also conducted to further validate our 
findings. For this purpose, logistic regression analysis was performed 
on subsets of patients: those excluded due to myocardial infarction 
and those excluded due to both myocardial infarction and severe liver 
disease. To mitigate potential confounding factors, weighted inverse 
probability (IPW) regression analysis was applied to unweighted raw 
data (14).

A restricted cubic spline was used to determine the cut-off value 
and visualize the nonlinear relationship between the ICU admission 
NMLR and 28-day mortality. The 28-day survival rates of patients 
admitted to ICUs with varying levels of NMLR were compared using 
Kaplan–Meier analysis and IPW survival analysis (15). Receiver 
operating characteristic (ROC) curve evaluating the predictive value 
of NLMR, NLR, and SOFA for 28-day mortality in ICU sepsis patients. 
A two-sided test was utilized, with a p-value of less than 0.05 deemed 
to indicate statistical significance.

Results

Baseline characteristics of the participants

A total of 8,710 patients from the MIMIC-IV database met the 
inclusion criteria, excluding 13,239 cases with missing NMLR values, 
as illustrated in Figure 1. The baseline characteristics of the patients 
across the NMLR categories are detailed in Table 1. The average age of 
these patients was 66.3 years with a standard deviation of 16.0, and 
approximately 57.6% were male. The subjects were further categorized 
into three classes based on tertiles: NMLR1 (<4.28), NMLR2 (4.28–
9.39), and NMLR3 (>9.39). There were no significant differences 
among the groups in terms of severe liver disease, mean blood 
pressure, heart rate, and respiratory rate (all p > 0.05). The percentage 
of septic shock, the SOFA score on the first day, and the SAPS II score 
in the high NMLR group were significantly higher compared to the 
low NMLR group, indicating that NMLR may be closely related to the 
severity of sepsis. Notably, the 28-day mortality rate was higher in the 
group with the highest NMLR compared to the group with a lower 
NMLR (p < 0.001). Additionally, several other factors exhibited 
statistically significant differences, including myocardial infarction, 
congestive heart failure, chronic pulmonary disease, uncontrolled 
diabetes, severe liver disease, cerebrovascular disease, renal disease, 
Charlson comorbidity index, first-day SOFA score, SAPS II Score, 
heart rate, respiratory rate, white blood cell count, platelet count, 
anion gap, potassium levels, creatinine levels, glucose levels, blood 

urea nitrogen, calcium levels, prothrombin time, albumin levels, 
invasive ventilation, septic shock, AKI within 2 days of admission, 
length of ICU stay, and length of hospital stay.

Association of NMLR with 28-day mortality

The relationship between NMLR and 28-day mortality is shown 
in Table  2. NMLR was divided into three groups. Three distinct 
logistic regression models were developed to evaluate the independent 
effect of NMLR on 28-day all-cause mortality among ICU patients 
with sepsis. Logistic regression analysis indicated a positive 
relationship between NMLR and the risk of 28-day all-cause mortality, 
with an unadjusted odds ratio (OR) of 1.029 (95% CI 1.026–1.033). 
Using NMLR1 as the reference, the crude ORs for NMLR2 and 
NMLR3 groups were 1.793 (95% CI 1.526–2.107) and 3.712 (95% CI 
3.195–4.313), respectively. After adjusting for age, sex, and ethnicity, 
the positive association persisted (OR 1.028; 95% CI 1.024–1.032), 
with adjusted ORs for NMLR2 and NMLR3 at 1.685 (95% CI 1.431–
1.984) and 3.396 (95% CI 2.916–3.955), respectively. Model 3, which 
incorporated adjustments for age, congestive heart failure, chronic 
pulmonary disease, uncontrolled diabetes, severe liver disease, 
cerebrovascular disease, renal disease, Charlson comorbidity index, 
first-day SOFA score, SAPS II Score, systolic blood pressure, diastolic 
blood pressure, mean blood pressure, heart rate, respiratory rate, 
temperature, pulse oxygen saturation, weight, hemoglobin, anion gap, 
bicarbonate, chloride, sodium, potassium, creatinine, blood urea 
nitrogen, calcium, prothrombin time, albumin, invasive ventilation, 
septic shock, AKI within 2 days of admission, length of ICU stay, and 
length of hospital stay, showed that NMLR maintained a strong 
positive correlation with 28-day all-cause mortality (OR 1.015; 95% 
CI 1.010–1.020). The ORs for NMLR2 and NMLR3 in this model were 
1.448 (95% CI 1.177–1.784) and 1.962(95% CI 1.607–2.401), 
respectively. In a multifactorial logistic regression analysis model, the 
risk of 28-day mortality increased by 1.5% for each 1 SD increase 
in NMLR.

FIGURE 1

Flow chart of patient selection for analysis.

https://doi.org/10.3389/fmed.2024.1434922
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Xia et al.� 10.3389/fmed.2024.1434922

Frontiers in Medicine 04 frontiersin.org

TABLE 1  Baseline characteristic of the sepsis patients.

NMLR P

Characteristics All patients NMLR1  <  4.28 4.28  ≤  NMLR2  <  9.39 NMLR3  ≥  9.39

Number 8,710 2,904 2,903 2,903

Age, years 66.3 (16.0) 63.3 (16.4) 67.1 (15.5) 68.7 (15.7) 0.005

Sex (male, n) 5,018 (57.6) 1,592 (54.8) 1733 (59.7) 1,693 (58.3) 0.001

Ethnicity (white, n) 5,294 (60.8) 1708 (58.8) 1806 (62.2) 1780 (61.3) 0.023

Myocardial infarction 1,417 (16.3) 402 (13.8) 457 (15.7) 558 (19.2) <0.0001

Congestive heart failure 2,361 (27.1) 593 (20.4) 807 (27.8) 961 (33.1) <0.0001

Chronic pulmonary disease 2052 (23.6) 619 (21.3) 671 (23.1) 761 (26.2) <0.0001

Diabetes without control 1970 (22.6) 628 (21.6) 720 (24.8) 622 (21.4) 0.003

Severe liver disease 547 (6.3) 164 (5.6) 181 (6.2) 202 (7.0) 0.119

Cerebrovascular disease 1,163 (13.4) 357 (12.3) 378 (13.0) 428 (14.7) 0.019

Renal disease 1991 (22.9) 514 (17.7) 675 (23.3) 802 (27.6) <0.0001

Charlson comorbidity index 5 (4–8) 5 (3–7) 5 (4–8) 6 (4–8) 0.0001

First day of SOFA 6 (4–9) 5 (4–8) 6 (4–9) 7 (4–10) 0.0001

SAPSII 38 (30–48) 35 (27–44) 38 (31–46) 42 (34–51) 0.0001

SBP, mmHg 115.4 (15.1) 115.9 (14.6) 115.5 (15.1) 114.9 (15.5) 0.004

DBP, mmHg 62.4 (10.4) 62.7 (10.0) 62.1 (10.4) 62.3 (10.6) 0.006

MBP, mmHg 77.4 (10.1) 77.8 (9.9) 77.3 (10.2) 77.1 (10.3) 0.056

Heart rate, beats/min 86.7 (16.3) 86.5 (16.2) 85.6 (16.1) 88.2 (16.6) 0.166

Respiratory rate, beats/min 19.8 (3.9) 19.5 (4.0) 19.6 (3.8) 20.3 (3.9) 0.219

Temperature, °C 36.9 (0.53) 36.9 (0.51) 36.9 (0.54) 36.9 (0.54) 0.022

SpO2, % 96.9 (2.2) 97.1 (2.0) 97.0 (2.1) 96.7 (2.5) <0.0001

Weight, kg 83.3 (24.3) 83.3 (22.6) 84.8 (25.0) 81.9 (25.2) <0.0001

WBC, cell/mm3 12.1 (8.8–16.3) 11.0 (8.1–14.8) 11.7 (8.7–15.8) 13.7 (10.0–18.5) 0.0001

Hemoglobin, mg/dL 10.3 (8.9–11.9) 10.4 (9.0–11.9) 10.4 (9.0–11.9) 10.2 (8.7–11.9) 0.0117

Platelet, cell/mm3 175 (125–238.5) 166 (118.8–230) 175 (126.5–234) 184.5 (130.5–251.5) 0.0001

Anion gap, mEq/L 15 (12.5–17.5) 14 (12–16.5) 14.5 (12.5–17) 15.5 (13.5–18.5) 0.0001

Bicarbonate, mEq/L 22 (19.5–24.5) 22.5 (20–24.5) 22.5 (20–24.5) 21.5 (19–24) 0.0001

Chloride, mEq/L 104 (100–107) 104.5 (101–108) 104 (100–107) 102.5 (98.5–106.5) 0.0001

Glucose, mg/dL 131.1 (113–161.6) 129 (112.9–155.0) 131.4 (113.5–159.4) 133 (113–171) 0.0001

Sodium, mEq/L 138.5 (136–141) 138.5 (136–141) 138.5 (136–141) 138 (135–141) 0.0001

Potassium, mEq/L 4.2 (3.9–4.65) 4.2 (3.85–4.55) 4.2 (3.9–4.6) 4.25 (3.9–4.75) 0.0001

Creatinine, mg/dL 1.05 (0.8–1.65) 0.95 (0.75–1.35) 1.05 (0.75–1.6) 1.25 (0.85–2.05) 0.0001

BUN, mg/dL 20.5 (14–34.5) 17.5 (12.5–27.5) 20 (14–34) 26 (16.5–43) 0.0001

Calcium, m Eq/L 8.25 (7.85–8.7) 8.25 (7.85–8.7) 8.25 (7.9–8.7) 8.25 (7.8–8.7) 0.0058

PT, sec 14.15 (12.65–16.4) 14.1 (12.55–15.78) 14.15 (12.75–16.5) 14.2 (12.7–17.25) 0.0001

Invasive ventilation 1923 (22.1) 587 (20.2) 612 (21.1) 724 (24.9) <0.0001

CRRT 892 (10.2) 199 (6.9) 271 (9.3) 422 (14.5) <0.0001

Vasoactive drug 4,510 (51.8) 1,418 (48.8) 1,529 (52.7) 1,563 (53.8) <0.0001

Septic shock 4,510 (51.8) 1,418 (48.8) 1,529 (52.7) 1,563 (53.8) <0.0001

AKI within 2 days of admission 5,938 (68.2) 1864 (64.2) 2008 (69.2) 2066 (71.2) <0.0001

LOS ICU 3.19 (1.89–6.61) 2.84 (1.71–5.75) 3.21 (1.88–6.54) 3.75 (2.08–7.51) 0.0001

LOS hospital 8.97 (5.63–15.80) 8.31 (5.30–14.80) 8.98 (5.74–15.7) 9.78 (5.85–16.83) 0.0001

In-hospital mortality 1,251 (14.4) 224 (7.7) 360 (12.4) 667 (23.0) <0.0001

28-day mortality 1,506 (17.3) 267 (9.2) 446 (15.4) 793 (27.3) <0.0001

Continuous variables are presented as means (SDs) or medians (quartiles), while categorical variables are presented as absolute numbers (percentages). SBP, systolic blood pressure; DBP, 
diastolic blood pressure; MBP, mean blood pressure; SpO2, pulse oxygen saturation; SOFA, Sequential Organ Failure Assessment score; SAPS II, Simplified Acute Physiology Score II; WBC, 
white blood cell; BUN, blood urea nitrogen; RRT, renal replacement therapy; AKI, acute kidney injury; NMLR, (neutrophil + monocyte)/lymphocyte ratio; LOS, length of stay.
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Critical values were determined using restricted cubic splines 
to visualize the non-linear relationship between ICU admission 
NMLR and 28-day mortality. As shown in Figure 2, ICU admission 
NMLR was nonlinearly associated with 28-day mortality in sepsis 
patients (p < 0.0001). When the NMLR at admission exceeded 
6.572, the odds ratio increased rapidly, although the rate of 
increase diminished as NMLR continued to rise. Overall, the 
28-day mortality OR increased with higher levels of ICU 
admission NMLR.

Subsequently, we  divided the study population into two 
groups based on the NMLR cutoff point: a higher NMLR group 
(NMLR≥6.572) and a lower NMLR group (NMLR<6.572). 
Kaplan–Meier analysis was then conducted for both groups. As 
depicted in Figure  3, the survival curve for the higher NMLR 
group admitted to the ICU was significantly lower than that of the 
lower NMLR group (log-rank test, p < 0.0001). This result was 
further corroborated by a survival analysis adjusted for 

confounders using inverse probability weighting (p = 0.031). 
Therefore, a higher NMLR at ICU admission was associated with 
increased 28-day mortality.

TABLE 2  Relationship between NMLR and 28-day all-cause mortality in different models.

Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

NMLR 1.029 (1.026,1.033) <0.0001 1.028 (1.024,1.032) <0.0001 1.015 (1.010,1.020) <0.0001

Tertile

NMLR1 Ref Ref Ref

NMLR2 1.793 (1.526,2.107) <0.0001 1.685 (1.431,1.984) <0.0001 1.448 (1.177,1.784) <0.0001

NMLR3 3.712 (3.195,4.313) <0.0001 3.396 (2.916,3.955) <0.0001 1.962 (1.607,2.401) <0.0001

p for trend <0.0001 <0.0001 <0.0001

OR, odds ratio; CI, confidence interval; Ref, reference; Model 1 was not adjusted; Model 2 was adjusted for age, sex; and ethnicity Model 3 was adjusted for age, congestive heart failure, chronic 
pulmonary disease, diabetes without control, severe liver disease, cerebrovascular disease, renal disease, Charlson comorbidity index, first day of Sequential Organ Failure Assessment score, 
Simplified Acute Physiology Score II, systolic blood pressure, diastolic blood pressure, mean blood pressure, heart rate, respiratory rate, Temperature, pulse oxygen saturation, weight, 
hemoglobin, anion gap, bicarbonate, chloride, sodium, potassium, creatinine, blood urea nitrogen, calcium, prothrombin time, albumin, Invasive ventilation, Septic shock, acute kidney injury 
within 2 days of admission, length of stay in the ICU, Length of hospital stay.

FIGURE 2

Nonlinear relationship between the NMLR and 28-day mortality.

FIGURE 3

Kaplan–Meier plots for 28-day mortality by ICU admission NMLR 
strata.
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We performed a receiver operating characteristic (ROC) curve 
analysis to evaluate the predictive value of NMLR for 28-day 
mortality in sepsis patients admitted to the ICU and compared it 
with the performance of NLR and SOFA (Figure 4). The AUC of 
the NMLR model was 0.658 (95% CI: 0.642–0.673), which was 
significantly higher than that of the NLR model (0.655, 95% CI: 
0.640–0.671; p = 0.006), but lower than the AUC of the SOFA 
model (0.717, 95% CI: 0.703–0.732; p < 0.0001). Thus, NMLR at 
admission has a good predictive value for 28-day mortality in 
sepsis patients.

Subgroup analyses

To investigate potential clinical heterogeneity, we  conducted 
interaction and stratification analyses (Figure  5). We  assessed the 
relationship between NMLR and 28-day mortality across various 
subgroups. No significant interactions or differences were observed in 
the stratified analyses based on age (<65 and ≥ 65 years), sex, ethnicity, 
myocardial infarction, congestive heart failure, cerebrovascular 
disease, chronic pulmonary disease, uncontrolled diabetes, severe liver 
disease, renal disease, Charlson comorbidity index (<7 and ≥ 7), AKI, 
CRRT, and invasive ventilation.

Sensitivity analysis

The sensitivity analysis results are shown in Table  3. Using 
NMLR1 as the reference group, after excluding patients with 
myocardial infarction, the ORs for the NMLR2 and NMLR3 groups 
were 1.433 (95% CI: 1.142–1.801) and 2.009 (95% CI: 1.613–2.508), 
respectively. Further excluding individuals with severe liver disease 
in addition to myocardial infarction, the ORs for the NMLR2 and 
NMLR3 groups were 1.415 (95% CI: 1.112–1.804) and 1.952 (95% 
CI: 1.548–2.468), respectively. After applying inverse probability 
weighting (IPW) adjustments, the ORs for the NMLR2 and 
NMLR3 groups were 1.378 (95% CI: 1.238–1.535) and 2.191 (95% 
CI: 1.939–2.478). The trend test also showed statistical significance 
(p < 0.001).

Discussion

In this retrospective cohort study, we found that higher NMLR 
values were independently associated with an increased risk of 28-day 
all-cause death in ICU sepsis patients. Additionally, subgroup 
analysis, sensitivity analysis, and survival analysis supported 
consistent findings.

Sepsis is a systemic inflammatory response syndrome caused by 
infection. Its pathogenesis is complex and involves multiple biological 
processes and systems. The primary mechanisms include 
dysregulation of the inflammatory response, wherein monocytes, 
neutrophils, and other innate immune cells release pro-inflammatory 
cytokines, leading to systemic injury (16). In the later stages of sepsis, 
an excessively active immune response may shift to an 
immunosuppressive state, characterized by lymphocytopenia, 
proinflammatory responses of monocytes and macrophages (17), and 
neutrophil dysfunction. This increases the release and activation of 
immunosuppressive bone marrow-derived suppressor cells (18), 
which coordinate mediated immunosuppression by releasing anti-
inflammatory factors such as interleukin-10 (19). Therefore, 
comprehensive indices reflecting the activation state of immune cells 
have significant predictive value for the prognosis of sepsis patients.

As an indicator of inflammation and immune status, the NMLR 
has been extensively studied for its prognostic value in various 
diseases, including hepatocellular carcinoma (20), acute myocardial 
infarction (9, 10), and multiple myeloma (8). However, there have 
been limited studies examining the relevance of NMLR in ICU sepsis 
patients. To date, only one study from 2023 has verified the 
relationship between NMLR and 30-day mortality from sepsis, 
showing that NMLR levels were significantly higher in deceased 
patients compared to survivors (21).

This study utilized multivariable logistic regression analysis and 
restricted cubic splines (RCS) to establish a positive, nonlinear 
relationship between the NMLR and 28-day all-cause mortality. This 
association remained significant even after adjusting for various 
confounding variables such as age, sex, race, and comorbidities. This 
indicates that NMLR, to some extent, is independent of other clinical 
factors and can serve as a reliable and independent prognostic 
marker. Furthermore, both Kaplan–Meier survival analysis and 
Inverse Probability Weighted (IPW) survival analysis demonstrated 
that patients with high NMLR had significantly lower 28-day survival 
rates compared to those with low NMLR. We  validated the 
effectiveness of NMLR as a prognostic indicator from multiple 
perspectives. Previous studies (22, 23) have identified the 
heterogeneity of sepsis, which is partly responsible for the lack of 
precise treatments. However, our subgroup analysis revealed that the 
association between NMLR and 28-day mortality was consistent 
across different age groups (<65 years and ≥ 65 years), sexes, and 
races. This consistency may be  due to the underlying 
pathophysiological mechanisms that are common across these 
demographics. Comorbid conditions associated with sepsis, 
including myocardial infarction, congestive heart failure, diabetes, 
cerebrovascular disease, chronic pulmonary disease, severe liver 
disease, and renal disease, are major causes of mortality in septic 
patients. Both sepsis and acute kidney injury (AKI) frequently occur 
among ICU patients and are closely linked to poor outcomes (24, 25). 
Within these subgroups, the relationship between NMLR and 

FIGURE 4

Receiver operating characteristic curve to evaluate the predictive 
value of NLMR, NLR and SOFA for 28-day mortality of septic patients 
in ICU.
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FIGURE 5

Effect size of NMLR on 28-day mortality in prespecified and exploratory subgroups. The effect size was adjusted for age, congestive heart failure, 
chronic pulmonary disease, diabetes without control, severe liver disease, cerebrovascular disease, renal disease, Charlson comorbidity index, first day 
of Sequential Organ Failure Assessment score, Simplified Acute Physiology Score II, systolic blood pressure, diastolic blood pressure, mean blood 
pressure, heart rate, respiratory rate, Temperature, pulse oxygen saturation, weight, hemoglobin, anion gap, bicarbonate, chloride, sodium, potassium, 
creatinine, blood urea nitrogen, calcium, prothrombin time, albumin, Invasive ventilation, Septic shock, acute kidney injury within 2  days of admission, 
length of stay in the ICU, Length of hospital stay., except for the subgroup variable.
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mortality remained stable. Sensitivity analyses also showed that the 
association between NMLR and 28-day mortality remained 
significant even after excluding patients with myocardial infarction 
and severe liver disease or when applying inverse probability 
weighting to adjust for confounding factors. These findings further 
reinforce the robustness of the study’s conclusions.

NLR is a commonly used marker for inflammation and immune 
response, showing a positive correlation with important sepsis-
related scoring systems such as SOFA. It has been proven in multiple 
studies to be associated with sepsis outcomes (26, 27). To assess the 
predictive value of NMLR for 28-day mortality in ICU sepsis patients, 
we  conducted a receiver operating characteristic (ROC) curve 
analysis and compared it with the predictive performance of NLR and 
SOFA. Our analysis revealed that the AUC of the NMLR model was 
0.658 (95% CI: 0.642–0.673), significantly higher than that of the 
NLR model but lower than the AUC of the SOFA model, which was 
0.717 (95% CI: 0.703–0.732). This indicates that NMLR has good 
predictive value for 28-day mortality in ICU sepsis patients. These 
findings suggest that NMLR can serve as a reliable prognostic 
indicator, and future research should explore the feasibility of 
combining NMLR with other sepsis-related assessment indicators to 
enhance predictive accuracy.

In conclusion, this study found that a higher NMLR is 
independently associated with an increased risk of 28-day all-cause 
mortality in ICU sepsis patients. NMLR can assist clinicians in early 
identification of high-risk patients, improving prognostic assessment, 
and guiding anti-inflammatory and immunomodulatory treatment 
strategies. The mechanisms underlying this association may involve 
dysregulated inflammatory responses, immune suppression, dynamic 
changes in immune cells, and systemic inflammatory response 
syndrome. As a composite indicator, NMLR reflects the inflammatory 
and immune status across multiple systems, providing a more 

comprehensive prognostic evaluation. These findings offer new 
insights for clinical practice.

While this study provides important insights into NMLR as a 
prognostic indicator for ICU sepsis patients, there are some limitations. 
First, the study used retrospective data from a single database, which 
may introduce selection bias and confounding bias. Second, the 
laboratory data used were collected on the first day of ICU admission, 
preventing analysis of continuous changes in NMLR. Moreover, as the 
data in the MIMIC-IV database comes from a single center, it may not 
fully represent other medical institutions. As Zhang et al. (28) noted, 
correlation does not directly imply causation; therefore, future studies 
need to be conducted on a multi-center and large sample basis to 
enhance the generalizability and external validity of the findings.

Conclusion

This cohort study showed that an increase in NMLR was 
associated with an increased risk of 28-day all-cause mortality in 
patients with sepsis in the ICU. NMLR can serve as a potential 
biomarker for the prognosis of sepsis patients, aiding clinicians in 
early risk assessment and intervention.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the institutional 
review boards of the Massachusetts Institute of Technology (MIT) and 
Beth Israel Deaconess Medical Center (BIDMC). The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The ethics committee/institutional review board waived 
the requirement of written informed consent for participation from 
the participants or the participants’ legal guardians/next of kin 
because the requirement for informed consent was waived due to the 
thorough anonymization and de-identification of all patient 
information in the database. Written informed consent was not 
obtained from the individual (s) for the publication of any potentially 
identifiable images or data included in this article because MIMIC-IV 
is an anonymized public database approved by the institutional review 
boards of the Massachusetts Institute of Technology (MIT) and Beth 
Israel Deaconess Medical Center (BIDMC). The requirement for 
informed consent was waived due to the thorough anonymization and 
de-identification of all patient information in the database.

Author contributions

YX: Conceptualization, Formal analysis, Writing – original 
draft. HX: Conceptualization, Formal analysis, Funding acquisition, 
Resources, Writing – original draft. JX: Conceptualization, Formal 
analysis, Writing – original draft. HN: Methodology, Writing – 
review & editing. XC: Resources, Writing – review & editing. FZ: 

TABLE 3  Sensitivity analyses.

NMLR OR (95%CI) p p for trend

Excluding participants with myocardial infarction

NMLR1 Ref

NMLR2 1.433 (1.142 ~ 1.801) 0.0019

NMLR3 2.009 (1.613 ~ 2.508) <0.001 <0.001

Excluding participants with myocardial infarction and sever 

liver disease

NMLR1 Ref

NMLR2 1.415 (1.112 ~ 1.804) 0.0049

NMLR3 1.952 (1.548 ~ 2.468) <0.001 <0.001

Inverse probability of weighting

NMLR1 Ref

NMLR2 1.378 (1.238 ~ 1.535) <0.001

NMLR3 2.191 (1.939 ~ 2.478) <0.001 <0.001

Adjusted for age, congestive heart failure, chronic pulmonary disease, diabetes without 
control, severe liver disease, cerebrovascular disease, renal disease, Charlson comorbidity 
index, first day of Sequential Organ Failure Assessment score, Simplified Acute Physiology 
Score II, systolic blood pressure, diastolic blood pressure, mean blood pressure, heart rate, 
respiratory rate, Temperature, pulse oxygen saturation, weight, hemoglobin, anion gap, 
bicarbonate, chloride, sodium, potassium, creatinine, blood urea nitrogen, calcium, 
prothrombin time, albumin, Invasive ventilation, Septic shock, acute kidney injury within 
2 days of admission, length of stay in the ICU, Length of hospital stay.

https://doi.org/10.3389/fmed.2024.1434922
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Xia et al.� 10.3389/fmed.2024.1434922

Frontiers in Medicine 09 frontiersin.org

Investigation, Writing – review & editing. DW: Investigation, 
Writing – review & editing. JY: 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 Hainan Provincial Natural Science Foundation of 
China. Project nos. 823RC560 and 821RC1118.

Acknowledgments

We thank the MIMIC-IV database for providing the original 
study data.

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.

References
	1.	Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, 

et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). 
J Am Med Assoc. (2016) 315:801–10. doi: 10.1001/jama.2016.0287

	2.	Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A. Inpatient care for septicemia 
or sepsis: a challenge for patients and hospitals. NCHS Data Brief. (2011) 62:1–8.

	3.	Hoyert DL, Xu J. Deaths: preliminary data for 2011. Natl Vital Stat Rep. (2012) 
61:1–51.

	4.	Liu C, Suo S, Luo L, Chen X, Ling C, Cao S. SOFA Score in relation to Sepsis: 
Clinical Implications in Diagnosis, Treatment, and Prognostic Assessment. Comput 
Math Method Med. (2022) 2022:1–8. doi: 10.1155/2022/7870434

	5.	Wei Y, Feng J, Ma J, Chen D, Chen J. Neutrophil/lymphocyte, platelet/lymphocyte 
and monocyte/lymphocyte ratios in patients with affective disorders. J Affect Disord. 
(2022) 309:221–8. doi: 10.1016/j.jad.2022.04.092

	6.	Azab B, Zaher M, Weiserbs KF, Torbey E, Lacossiere K, Gaddam S, et al. Usefulness 
of neutrophil to lymphocyte ratio in predicting short-and long-term mortality after 
non-ST-elevation myocardial infarction. Am J Cardiol. (2010) 106:470–6. doi: 10.1016/j.
amjcard.2010.03.062

	7.	Guclu K, Celik M. Prognostic Value of Inflammation Parameters in Patients With 
Non-ST Elevation Acute Coronary Syndromes. Angiology. (2020) 71:825–30. doi: 
10.1177/0003319720936500

	8.	Pang Y, Shao H, Yang Z, Fan L, Liu W, Shi J, et al. The (Neutrophils + Monocyte)/
Lymphocyte Ratio Is an Independent Prognostic Factor for Progression-Free Survival 
in Newly Diagnosed Multiple Myeloma Patients Treated With BCD Regimen. Front 
Oncol. (2020) 10:1617. doi: 10.3389/fonc.2020.01617

	9.	Wang Y, Yuan M, Ma Y, Shao C, Wang Y, Qi M, et al. The admission 
(Neutrophil+Monocyte)/lymphocyte ratio is an independent predictor for in-hospital 
mortality in patients with acute myocardial infarction. Front Cardiovasc Med. (2022) 
9:870176. doi: 10.3389/fcvm.2022.870176

	10.	Yan XN, Jin JL, Zhang M, Hong LF, Guo YL, Wu NQ, et al. Differential leukocyte 
counts and cardiovascular mortality in very old patients with acute myocardial 
infarction: a Chinese cohort study. BMC Cardiovasc Disor. (2020) 20:465. doi: 10.1186/
s12872-020-01743-3

	11.	Goldberger AL, Amaral LA, Glass L, Hausdorff JM, Ivanov PC, Mark RG, et al. Physio 
Bank, Physio Toolkit, and Physio Net: components of a new research resource for complex 
physiologic signals. Circulation. (2000) 101:E215–20. doi: 10.1161/01.cir.101.23.e215

	12.	Johnson AE, Pollard TJ, Shen L, Lehman LW, Feng M, Ghassemi M, et al. MIMIC-
III, a freely accessible critical care database. Sci Data. (2016) 3:160035. doi: 10.1038/
sdata.2016.35

	13.	Kellum JA, Lameire N. Diagnosis, evaluation, and management of acute kidney 
injury: a KDIGO summary (Part 1). Crit Care. (2013) 17:204. doi: 10.1186/cc11454

	14.	Chesnaye NC, Stel VS, Tripepi G, Dekker FW, Fu EL, Zoccali C, et al. An 
introduction to inverse probability of treatment weighting in observational research. 
Clin Kidney J. (2022) 15:14–20. doi: 10.1093/ckj/sfab158

	15.	Cole SR, Hernán MA. Adjusted survival curves with inverse probability weights. 
Comput Methods Progms Biomed. (2004) 75:45–9. doi: 10.1016/j.cmpb.2003.10.004

	16.	Deng C, Zhao L, Yang Z, Shang JJ, Wang CY, Shen MZ, et al. Targeting HMGB1 
for the treatment of sepsis and sepsis-induced organ injury. Acta Pharmacol Sin. (2022) 
43:520–8. doi: 10.1038/s41401-021-00676-7

	17.	Gentile LF, Cuenca AG, Efron PA, Ang D, Bihorac A, McKinley BA, et al. Persistent 
inflammation and immunosuppression: a common syndrome and new horizon for 
surgical intensive care. J Trauma Acute Care Surg. (2012) 72:1491–501. doi: 10.1097/
TA.0b013e318256e000

	18.	Hotchkiss RS, Osmon SB, Chang KC, Wagner TH, Coopersmith CM, Karl IE. 
Accelerated lymphocyte death in sepsis occurs by both the death receptor and 
mitochondrial pathways. J Immunol. (2005) 174:5110–8. doi: 10.4049/
jimmunol.174.8.5110

	19.	Liu YC, Zou XB, Chai YF, Yao YM. Macrophage polarization in inflammatory 
diseases. Int J Biol Sci. (2014) 10:520–9. doi: 10.7150/ijbs.8879

	20.	Liao R, Peng C, Li M, Li DW, Jiang N, Li PZ, et al. Comparison and validation 
of the prognostic value of preoperative systemic immune cells in hepatocellular 
carcinoma after curative hepatectomy. Cancer Med. (2018) 7:1170–82. doi: 10.1002/
cam4.1424

	21.	Guo M, He W, Mao X, Luo Y, Zeng M. Association between ICU admission 
(neutrophil + monocyte)/lymphocyte ratio and 30-day mortality in patients with sepsis: 
a retrospective cohort study. BMC Infect Dis. (2023) 23:697. doi: 10.1186/
s12879-023-08680-4

	22.	Yang J, Zhang B, Hu C, Jiang X, Shui P, Huang J, et al. Laparoscopic, endoscopic 
and robotic surgery (2024) 7:16–26. doi: 10.1016/j.lers.2024.02.001,

	23.	van Amstel R, Kennedy JN, Scicluna BP, Bos L, Peters-Sengers H, Butler JM, et al. 
Uncovering heterogeneity in sepsis: a comparative analysis of subphenotypes. Intens 
Care Med. (2023) 49:1360–9. doi: 10.1007/s00134-023-07239-w

	24.	Rello J, Valenzuela-Sánchez F, Ruiz-Rodriguez M, Moyano S. Sepsis: A Review of 
Advances in Management. Adv Ther. (2017) 34:2393–411. doi: 10.1007/
s12325-017-0622-8

	25.	Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, et al. Acute 
renal failure in critically ill patients: a multinational, multicenter study. J Am Med Assoc. 
(2005) 294:813–8. doi: 10.1001/jama.294.7.813

	26.	Schupp T, Weidner K, Rusnak J, Jawhar S, Forner J, Dulatahu F, et al. The 
Neutrophil-to-Lymphocyte-Ratio as Diagnostic and Prognostic Tool in Sepsis and 
Septic Shock. Clin Lab. (2023) 69:812. doi: 10.7754/Clin.Lab.2022.220812

	27.	Liu S, Wang X, She F, Zhang W, Liu H, Zhao X. Effects of Neutrophil-to-
Lymphocyte Ratio Combined With Interleukin-6 in Predicting 28-Day Mortality in 
Patients With Sepsis. Front Immunol. (2021) 12:639735. doi: 10.3389/
fimmu.2021.639735

	28.	Zhang Z, Jin P, Feng M, Yang J, Huang J, Chen L, et al. Laparoscopic. Endosc Robot 
Surg. (2022) 5:146–52. doi: 10.1016/j.lers.2022.10.002

https://doi.org/10.3389/fmed.2024.1434922
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1155/2022/7870434
https://doi.org/10.1016/j.jad.2022.04.092
https://doi.org/10.1016/j.amjcard.2010.03.062
https://doi.org/10.1016/j.amjcard.2010.03.062
https://doi.org/10.1177/0003319720936500
https://doi.org/10.3389/fonc.2020.01617
https://doi.org/10.3389/fcvm.2022.870176
https://doi.org/10.1186/s12872-020-01743-3
https://doi.org/10.1186/s12872-020-01743-3
https://doi.org/10.1161/01.cir.101.23.e215
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1186/cc11454
https://doi.org/10.1093/ckj/sfab158
https://doi.org/10.1016/j.cmpb.2003.10.004
https://doi.org/10.1038/s41401-021-00676-7
https://doi.org/10.1097/TA.0b013e318256e000
https://doi.org/10.1097/TA.0b013e318256e000
https://doi.org/10.4049/jimmunol.174.8.5110
https://doi.org/10.4049/jimmunol.174.8.5110
https://doi.org/10.7150/ijbs.8879
https://doi.org/10.1002/cam4.1424
https://doi.org/10.1002/cam4.1424
https://doi.org/10.1186/s12879-023-08680-4
https://doi.org/10.1186/s12879-023-08680-4
https://doi.org/10.1016/j.lers.2024.02.001
https://doi.org/10.1007/s00134-023-07239-w
https://doi.org/10.1007/s12325-017-0622-8
https://doi.org/10.1007/s12325-017-0622-8
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.7754/Clin.Lab.2022.220812
https://doi.org/10.3389/fimmu.2021.639735
https://doi.org/10.3389/fimmu.2021.639735
https://doi.org/10.1016/j.lers.2022.10.002

	Prognostic value of neutrophil-to-monocyte/lymphocyte ratio for 28-day mortality in ICU sepsis patients: a retrospective cohort study
	Introduction
	Methods
	Database introduction
	Definitions
	Participants and data extraction
	Statistical analysis

	Results
	Baseline characteristics of the participants
	Association of NMLR with 28-day mortality
	Subgroup analyses
	Sensitivity analysis

	Discussion
	Conclusion

	References

