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Abstract
Background  This retrospective cohort study was designed to examine the relationship between the neutrophil-
lymphocyte ratio (NLR) and the 1-year risk of death in patients with acute heart failure (AHF) in the intensive care unit 
(ICU).

Methods  We retrospectively analyzed 1,176 patients with AHF from the MIMIC-IV database. Cox regression was 
used to evaluate the relationship between NLR and 1-year mortality risk after adjusting for covariates. Nonlinear 
associations and optimal NLR cutoff values were determined using restricted cubic splines. Propensity score matching 
was used to eliminate imbalances in the baseline confounders. Kaplan-Meier survival analysis further confirmed 
the correctness of the threshold. The ROC was used to evaluate the diagnostic accuracy of the NLR for long-term 
outcomes. Subgroup analyses were performed to assess the generality of NLR in specific populations.

Results  The mortality rate was lowest in the lower tertile NLR group (< 5.43) and highest in the upper tertile group 
(> 13.53, P for trend < 0.001). NLR showed a nonlinear correlation with mortality (P for Non-linearity = 0.0075), with 
the risk increasing significantly when NLR exceeded 11.11. The AUC of NLR for predicting 1-year mortality was 0.579 
(95%CI 0.542–0.617). The NLR was not significantly different from long-term outcomes in most groups, but the 
association was stronger in patients with AHF who did not have sepsis.

Conclusion  Elevated NLR, a marker of heightened systemic inflammation, was associated with a higher risk of 1-year 
mortality in ICU patients with AHF.

Clinical trial number  Not applicable.
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Background
Acute heart failure (AHF) is an urgent and serious com-
plication of cardiovascular diseases, characterized by 
rapid deterioration of cardiac pumping function, pos-
ing a significant threat to the patient’s life and health [1]. 
Acute heart failure often leads to high mortality rates in 
the Intensive Care Unit (ICU) and is associated with an 
increased consumption of medical resources [2]. There-
fore, identifying effective prognostic indicators for timely 
intervention is crucial for improving the prognosis of 
such patients.

In recent years, with in-depth research on the patho-
genesis of cardiovascular diseases, increasing evidence 
suggests that the inflammatory process is of great impor-
tance in the onset, evolution, and deterioration of AHF 
[3]. Neutrophils and lymphocytes, as key participants in 
the inflammatory response, with their ratio (Neutrophil 
Lymphocyte Ratio, NLR), are considered effective indica-
tors of inflammatory status [4].

NLR, as a convenient and cost-effective inflammatory 
biomarker, is not only associated with infectious diseases 
[5, 6] but has also been confirmed to be related to vari-
ous diseases and cancers in different systems (respiratory, 
circulatory, digestive, and urinary systems) [7–10]. Rel-
evant studies also indicate that an elevation in the NLR 
is associated with disease severity and adverse outcomes 
[11, 12]. Although studies have explored the relationship 
between NLR and other cardiovascular diseases [13–15], 
research has not focused on the nonlinear correlation 
relationship between NLR and the risk of death at 1 year 
in patients with AHF in the ICU.

In view of this, our retrospective cohort study focused 
on the optimal NLR values for evaluating the long-term 
prognosis of patients with AHF in the ICU, particularly 
the 1-year mortality risk. Through a thorough analysis of 
the relationship between NLR and patient outcomes, we 
hope to provide clinicians with a novel and convenient 
prognostic assessment tool to assist in clinical decision 
making, ultimately improving the quality of life and long-
term prognosis of patients with AHF.

Methods
Data sources
All data used in our study were obtained from the Medi-
cal Information Mart for Intensive Care (MIMIC) run 
by the Beth Israel Deaconess Medical Center (BIDMC). 
The one we applied was MIMIC IV 2.0. MIMIC IV 2.0 
is a large, publicly available clinical database that encom-
passes patient data from the ICU of BIDMC from 2001 
to 2019. The database was jointly developed by the Mas-
sachusetts Institute of Technology (MIT) and BIDMC, 
and its use for research purposes was approved by the 
Institutional Review Board (IRB). This study strictly 
adhered to relevant ethical standards and privacy 

protection principles and received IRB approval prior to 
data approval. We carried out a complete data analysis 
to ensure the security of patient information, anonym-
ity, and de-identification of all data. At the same time, 
we selected eICU data as an external validation cohort. 
In addition, the requirement for informed consent was 
waived owing to the study design [16].

Research population and definition
From the MIMIC IV 2.0 database, we selected patients 
diagnosed with Acute Heart Failure (AHF). The diag-
nostic criteria for AHF were based on the International 
Classification of Diseases, 9th revision (ICD-9) codes 
428.21, 428.31, 428.41, and 10th Revision (ICD-10) 
codes I50.21, I50.31, I50.41, and I50.811. Inclusion cri-
teria specified patients who were first transferred to the 
ICU and met the diagnostic criteria for AHF. Exclusion 
criteria included baseline absence of neutrophil or lym-
phocyte measurements, extreme NLR values (beyond the 
mean ± 3 standard deviations), and ICU stay of < 24 h.

Data collection and processing
We systematically collected key variables, including 
demographic data, vital signs during the first 24-hours 
of ICU admission, comorbidity information, hematology 
test results, severity scores, and treatment interventions. 
For missing values in the data, we employed multiple 
imputations with the random forest method to ensure 
data completeness. For outliers, we conducted a thor-
ough examination and cleaning to ensure data accuracy. 
In addition, the key indicator NLR was obtained by the 
ratio of the mean neutrophil count and the mean lym-
phocyte count obtained on the first day after admission 
to ICU. NLR = mean neutrophil counts (10^9)/mean lym-
phocyte counts (10^9).

Statistical analysis
In the data analysis phase, we first performed descriptive 
statistics to determine the basic characteristics and dis-
tribution of the study population.

We employed the restricted cubic spline method to 
make a thorough inquiry into the nonlinear relation-
ship between the NLR and mortality risk. To further 
explore the nonlinear correlation between NLR and 
AHF in the ICU, we used a propensity score match-
ing (PSM) approach. The propensity score matching 
method matched the two groups of people according to 
the selected confounding factors so that the confounding 
factors of the two groups of people were as balanced as 
possible to reduce the confounding effect of confounding 
factors on the results. First, a logistic regression model 
was constructed with NLR, which was converted into 
categorical variables according to the threshold, as the 
dependent variable, and baseline covariates such as age, 
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sex, comorbidities, and vital signs as the independent 
variables. The model was used to estimate the propensity 
score for each patient. Then, we use the greedy nearest 
neighbor algorithm for matching while imposing 0.05 SD 
constraints on the propensity score to ensure the robust-
ness of the matching. Then, a matching ratio of 1:1 was 
selected to evaluate the matching quality after match-
ing by comparing the differences in baseline covariates 
between groups. We visualized the survival differences 
between patients with various NLR levels using Kaplan-
Meier survival curves, both pre- and post-matching, and 
compared them using the log-rank test. Additionally, we 
plotted the Receiver Operating Characteristic (ROC) 
curve and computed the area under the curve (AUC) of 
the ROC to identify the best NLR threshold for predict-
ing mortality risk.

To enhance the robustness of our results, we conducted 
a subgroup analysis to examine the effects (such as age, 
sex, underlying disease, etc.) on the prognosis of ICU 
patients with acute heart failure across various patient 

groups to more comprehensively understand the clinical 
significance of NLR as a prognostic indicator.

We performed all statistical analyses using R ver-
sion 4.2.3 and SPSS version 27.0, considering a two-
sided P-value of less than 0.05, to indicate statistical 
significance.

Results
Baseline characteristics of the study population
A total of 1,176 patients with AHF were included strictly 
in accordance with the inclusion and exclusion criteria 
of this study (Fig. 1), and the baseline characteristics are 
detailed in Table 1. Overall, 71% (n = 842) of the patients 
survived for one year after their initial hospitalization. 
The average age of patients who died within one year was 
75.6 years, significantly higher than the 67.4 years of sur-
viving patients (P < 0.01). Furthermore, deceased patients 
had a lower body mass index (BMI) (26.2 vs. 28.5 kg/m2, 
P < 0.01).

Fig. 1  Flow chart of patient eventually selection included in this study. AHF: Acute heart failure; ICU: Intensive care unit; NLR: Neutrophil lymphocyte ratio
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Variable Overall (N = 1176) Survivor (N = 842) Non-survivor (N = 334) P Value
Gender, male (%) 654 (55.61) 483 (57.36) 171 (51.20) 0.06
Age 69.94 (58.92–79.03) 67.41 (55.45–77.06) 75.6 (66.29–84.43) < 0.01
BMI 27.92 (24.25–32.41) 28.46 (25.14–33.05) 26.23 (22.85–30.19) < 0.01
HR 87.33 (77.32-100.62) 86.53 (77.33–99.44) 90.02 (77.24-101.98) 0.1
MBP 76.51 (70.62-84) 77.11 (71.6-84.57) 74.61 (68.84–82.2) < 0.01
RR 20.51 (18.13–23.52) 20.44 (18.06–23.41) 20.74 (18.24–24.03) 0.4
BT 36.82 (36.58–37.09) 36.84 (36.63–37.11) 36.75 (36.5-37.05) 0.05
SPO2 96.56 (95.17-98) 96.65 (95.21–98.07) 96.46 (95.13–97.94) 0.05
Lac 1.93 (1.54–2.5) 1.9 (1.5–2.4) 2.07 (1.63–2.92) < 0.01
Ph 7.37 (7.33–7.41) 7.37 (7.34–7.41) 7.36 (7.31–7.41) < 0.01
PO2 100.5 (74.98-139.41) 102.72 (78-144.25) 95.92 (68.2-129.93) 0.01
PCO2 40.32 (36.65-44) 40.5 (36.67–43.88) 39.83 (36.18–44.75) 0.12
Base excess -1.06 (-3.82-0.38) -1 (-3.28-0.43) -1.53 (-5-0.33) 0.38
Total CO2 24.5 (21.66–26.77) 24.78 (22-26.68) 23.73 (20.68-27) 0.27
Hematocrit 33.7 (29.07–38.6) 34.18 (29.63–39.32) 32.03 (27.8-37.15) < 0.01
Hemoglobin 11.01 (9.49–12.71) 11.23 (9.7-13.05) 10.55 (9-12.04) < 0.01
WBC 12.46 (8.95–16.31) 12.45 (9.25–16.03) 12.58 (8.18–17.15) 0.14
RBC 3.7 (3.2–4.28) 3.79 (3.28–4.38) 3.55 (2.95–4.1) < 0.01
PLC 202.17 (151.25-270.81) 205.42 (157.19-268.25) 194.5 (139.5–275) 0.15
Basophils 0.07 (0.02–2.77) 0.09 (0.02–3.28) 0.05 (0.01–1.77) < 0.01
Eosinophils 0.3 (0.01–6.21) 0.43 (0.02–7.27) 0.1 (0-3.18) 0.34
Lymphocytes 45.55 (1.42-124.06) 56.1 (1.57-134.58) 29.48 (0.99-106.98) 0.01
Monocytes 17.59 (0.83–51.23) 20.95 (0.84–51.75) 3.66 (0.81–47.14) 0.75
Neutrophils 404.96 (11.06-1062.47) 439.34 (11.41-1060.11) 77.15 (10.11-1071.97) 0.68
NLR 8.16 (4.7-14.26) 7.64 (4.53–12.84) 9.7 (5.52–18.22) < 0.01
RDW 14.54 (13.58–15.92) 14.3 (13.43–15.47) 15.41 (14.25–16.97) < 0.01
MCV 91 (87-95.21) 90.5 (87-94.96) 91.5 (87-96.63) 0.06
MCH 30.07 (28.55–31.3) 30.1 (28.61–31.26) 29.97 (28.37–31.39) 0.36
MCHC 32.85 (31.86–33.75) 32.98 (32.03–33.95) 32.5 (31.51–33.46) < 0.01
ALT 47.5 (23-93.8) 47.46 (24-85.81) 49 (21.12-110.84) 0.67
AST 67.92 (35-144.3) 66.26 (35–132) 72.78 (35-204.5) 0.16
ALP 88 (68.5–114) 84.77 (66–107) 97.07 (75.09-129.58) < 0.01
TB 0.71 (0.5–1.05) 0.7 (0.5-1) 0.8 (0.5–1.23) < 0.01
CKMB 16.87 (6-37.18) 17.25 (6.67–37.13) 16.07 (5.33–37.17) 0.38
BUN 23.5 (17-36.52) 22 (16.21-32) 31.29 (20.27–46.19) < 0.01
SCR 1.13 (0.85–1.65) 1.1 (0.83–1.5) 1.3 (0.9–2.23) < 0.01
Calcium 8.34 (7.9–8.77) 8.36 (7.95–8.77) 8.28 (7.8–8.77) 0.18
Chloride 103.33 (99.79-106.46) 103.33 (100.33–106.5) 103 (98.67-106.24) 0.15
Sodium 138.31 (135.75–140.4) 138.33 (136-140.25) 138 (135.08–141) 0.84
Potassium 4.25 (3.9–4.67) 4.21 (3.9–4.6) 4.3 (3.95–4.83) < 0.01
Anion gap 15.07 (13-17.5) 15 (13-17.13) 15.67 (13.5-18.67) < 0.01
Bicarbonate 22.5 (19.67-25) 22.67 (20–25) 21.67 (19–25) 0.07
Glucose 137 (115-177.26) 136.5 (115.5-173.92) 141.46 (114.62-184.77) 0.38
INR 1.27 (1.13–1.5) 1.25 (1.11–1.45) 1.3 (1.17–1.69) < 0.01
PTT 34.36 (28.64–50.91) 33.4 (28.33–49.77) 36.02 (29.53–52.07) 0.04
PT 14.1 (12.6–16.5) 13.9 (12.5-15.74) 14.62 (13-18.28) < 0.01
UO 1640 (981.5-2601.5) 1799 (1090-2767.5) 1330 (737.5-2267.5) < 0.01
SOFA 6 (3–9) 5 (3–8) 7 (5–10) < 0.01
SRIS 3 (2–3) 3 (2–3) 3 (2–4) 0.07
MI (%) 520 (44.22) 368 (43.71) 152 (45.51) 0.62
COPD (%) 357 (30.36) 232 (27.55) 125 (37.43) < 0.01
DM (%) 406 (34.52) 295 (35.04) 111 (33.23) 0.6
RD (%) 295 (25.09) 188 (22.33) 107 (32.04) < 0.01

Table 1  The baseline characters of inclued patients
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In terms of comorbidities, the deceased group had 
significantly higher rates of chronic obstructive pulmo-
nary disease (COPD; 37.4% vs. 27.6%) and renal disease 
(32.0% vs. 22.3%) than the surviving group (P < 0.01). 
With regard to the severity of clinical diseases and organ 
dysfunction, deceased patients exhibited significant 
derangement during hospitalization.

Specifically, the death group had higher lactate levels 
than the survival group (2.07 mmol/L vs. 1.90 mmol/L), 
more severe renal injury (higher BUN, creatinine lev-
els), and significantly higher levels of total bilirubin 
and liver enzymes compared to the survival group (all 
P < 0.05). Additionally, deceased patients showed more 
pronounced abnormalities in coagulation function, inter-
national normalized ratio (INR), hematocrit (HCT), 
red blood cell (RBC) count, and other hematological 
parameters (all P < 0.05). Finally, during hospitalization, 
the severity of acute illnesses and SOFA scores were sig-
nificantly higher in deceased patients than in survivors 
(median, 7 vs. 5; P < 0.01). It is noteworthy that deceased 
patients exhibited significantly elevated inflammatory 
markers, including a higher white blood cell count and 
NLR (NLR, 9.7 vs. 7.6, P < 0.01).

Risk factors for one-year mortality risk in AHF patients
Through Cox regression analysis (Table  2), we explored 
potential risk factors for one-year mortality in ICU 
patients with AHF. In univariate analysis, we found sev-
eral clinical factors and biomarkers significantly corre-
lated with one-year mortality (p < 0.05). Subsequently, we 
included these potential risk factors in multivariate anal-
ysis and, after adjusting for potential confounding fac-
tors, found that age, comorbid COPD, bicarbonate, BUN, 
lactate, NLR, red cell distribution width (RDW), partial 
thromboplastin time (PTT), oxygen saturation (SPO2), 
and SOFA score were independent risk factors, while 
BMI was an independent protective factor (all p < 0.05). 
Specifically, the more pronounced systemic inflammation 
marked by high NLR remained significantly associated 
with increased risk of one-year mortality after adjusting 

for potential confounding factors (HR 1.14, 95% CI 1.12–
1.16, p = 0.042).

Nonlinear association of NLR with mortality risk
To further investigate the association between NLR and 
mortality risk, we divided NLR into tertiles based on 
the inter-tertile range: Lower Tertile (T1), represent-
ing the lowest third, Middle Tertile (T2), middle third, 
and Upper Tertile (T3) the highest third. This created a 
categorical variable known as the tertile of neutrophil-
lymphocyte ratio (TNLR). The analysis results (Fig.  2) 
showed a significant difference in the mortality rates 
among the different TNLR groups during the follow-up 
period (P < 0.001). Pairwise comparisons using the chi-
square test also indicated that the mortality rate in T3 
was significantly higher than that in T1 and T2, suggest-
ing a higher mortality rate in patients with a higher NLR 
(P for trend < 0.001).

To investigate this nonlinear relationship in more 
depth, we used restricted cubic splines with four nodes 
based on the results of the goodness-of-fit test of the 
model (Table S1). The analysis results indicated a signifi-
cant non-linear correlation between NLR at the time of 
ICU admission and the peril of one-year fatality rate (P 
for non-linearity = 0.0075, P for total < 0.001, Fig. 3).

High levels of NLR are a risk factor for patients of AHF in 
the ICU
According to the nonlinear correlation described ear-
lier, the risk of death increased significantly when the 
NLR was greater than 11.11(second quartile). To further 
confirm these findings, we eliminated confounders that 
might influence patient outcomes using a method called 
propensity score matching (PSM). After PSM, the pos-
sible confounders affecting the 782 patients were largely 
balanced (Fig. 4). Subsequently, according to the thresh-
old value (11.11) obtained from the above results, we 
converted the continuous variable NLR into a subtype 
variable; that is, patients were separated into lower-level 
and upper-level NLR groups. Through Kaplan-Meier sur-
vival analysis, we found that before and after PSM, the 

Variable Overall (N = 1176) Survivor (N = 842) Non-survivor (N = 334) P Value
LD (%) 131 (11.14) 90 (10.69) 41 (12.28) 0.5
Hypertension (%) 824 (70.07) 586 (69.60) 238 (71.26) 0.62
Sepsis (%) 758 (64.46) 511 (60.69) 247 (73.95) < 0.01
RRT (%) 41 (3.49) 24 (2.85) 17 (5.09) 0.09
Ventilation (%) 1051 (89.37) 750 (89.07) 301 (90.12) 0.67
BMI: Body mass index; HR: Heart rate; MBP: Mean arterial blood pressure; RR: Respiratory rate; BT: Body temperature; SPO2: Pulse oxygen saturation; Lac: Lactic acid; 
WBC: White blood cell count; RBC: Red blood cell count; PLC: Platelet count; NLR: Neutrophil lymphocyte ratio; RDW: Red blood cell distribution width; MCV: Mean 
corpuscular volume; MCH: Mean corpuscular concentration of hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; ALT: Alanine aminotransferase; 
AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; TB: Total bilirubin; CKMB: Creatine phosphokinase isoenzyme; BUN: Blood urea nitrogen; SCR: Serum 
creatinine; INR: International normalized ratio; PT: Prothrombin time; PTT: Partial thromboplastin time; UO: urine output; SOFA: Sequential organ failure assessment; 
SIRS: Systemic inflammatory syndrome; MI: Myocardial infarction; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; RD: Renal disease; LD: Liver 
disease; RRT: Renal replacement therapy

Table 1  (continued) 
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survival probability of patients with high NLR was signif-
icantly lower than that of patients with low NLR (Fig. 5, 
P < 0.05).

To assess the predictive value of NLR for one-year mor-
tality risk in ICU-admitted patients with AHF, we con-
ducted a ROC curve analysis (Fig. 6). The results showed 
that the AUC for the NLR model was 0.579 (95% CI: 
0.542–0.617), indicating moderate predictive ability for 
mortality risk. Additionally, based on the Youden index 
from the ROC analysis, we determined the optimal cut-
off value to be 11.11, which is consistent with the results 
from the restricted cubic spline.

Subgroup analysis
In this study, we performed a detailed subgroup analysis 
to better understand the impact of the NLR on the out-
come of patients with AHF in the ICU and to explore 
how this impact varied across patient populations. Fac-
tors such as age, BMI, myocardial infarction, hyperten-
sion, diabetes, kidney disease, and sepsis were selected 
as stratified factors. We then performed COX regression 
analysis at each level according to stratification and cal-
culated the interactions between the layers. We found no 
significant difference in the effect of NLR on long-term 
outcomes in patients with sepsis, except in this specific 
group. In sepsis stratification, we found that NLR had a 
more significant effect on patients without sepsis (Fig. 7, 
P < 0.001, P for interaction < 0.05).

Table 2  Results of risk factor analysis
Univariate Multivariate

Characteristics Number (%) HR 95%CI P Value HR 95%CI P Value
Basophils 1.84 (3.05) 0.919 (0.877, 0.963) < 0.001 0.968 (0.924, 1.014) 0.173
Age 68.12 (15.38) 1.032 (1.024, 1.04) < 0.001 1.03 (1.02, 1.039) < 0.001
BMI 29.28 (7.86) 0.963 (0.946, 0.979) < 0.001 0.979 (0.961, 0.996) 0.019
MBP 78.16 (11.00) 0.979 (0.969, 0.99) < 0.001 0.999 (0.987, 1.011) 0.869
SPO2 96.42 (2.29) 0.946 (0.904, 0.991) 0.018 0.92 (0.878, 0.965) 0.001
Lac 2.28 (1.44) 1.165 (1.111, 1.221) < 0.001 1.171 (1.084, 1.265) < 0.001
Ph 7.37 (0.07) 0.042 (0.009, 0.203) < 0.001 2.062 (0.261, 16.279) 0.493
PO2 114.76 (60.68) 0.997 (0.995, 0.999) 0.008 0.999 (0.996, 1.001) 0.192
WBC 13.50 (7.47) 1.015 (1.001, 1.03) 0.035 1.003 (0.989, 1.018) 0.658
RBC 3.76 (0.78) 0.695 (0.601, 0.804) < 0.001 0.901 (0.619, 1.311) 0.585
NLR 11.11 (9.64) 1.25 (1.2, 1.3) < 0.001 1.14 (1.12, 1.16) 0.042
hematocrit 34.03 (6.67) 0.962 (0.946, 0.978) < 0.001 1.203 (0.974, 1.486) 0.087
hemoglobin 11.17 (2.26) 0.866 (0.824, 0.911) < 0.001 0.551 (0.287, 1.057) 0.073
RDW 15.05 (2.19) 1.172 (1.132, 1.213) < 0.001 1.123 (1.071, 1.178) < 0.001
MCHC 32.79 (1.51) 0.844 (0.787, 0.904) < 0.001 1.21 (0.97, 1.51) 0.091
AST 255.57 (1303.62) 1 (1, 1) 0.035 1 (1, 1) 0.384
ALP 103.85 (92.58) 1.001 (1, 1.001) 0.006 1 (1, 1.001) 0.278
TB 1.01 (1.33) 1.11 (1.05, 1.172) < 0.001 1.005 (0.943, 1.071) 0.875
Anion gap 15.56 (3.65) 1.059 (1.03, 1.088) < 0.001 0.984 (0.941, 1.029) 0.473
bicarbonate 22.56 (4.58) 0.974 (0.95, 0.998) 0.036 1.043 (1.014, 1.074) 0.004
BUN 29.88 (20.07) 1.017 (1.013, 1.021) < 0.001 1.014 (1.007, 1.02) < 0.001
SCR 1.61 (1.59) 1.08 (1.027, 1.135) 0.003 0.947 (0.851, 1.055) 0.325
Potassium 4.32 (0.59) 1.392 (1.172, 1.653) < 0.001 1.125 (0.909, 1.392) 0.279
INR 1.50 (0.95) 1.117 (1.046, 1.192) 0.001 0.671 (0.35, 1.287) 0.23
PT 16.26 (8.73) 1.017 (1.009, 1.024) < 0.001 1.046 (0.981, 1.115) 0.173
PTT 43.66 (22.66) 1.006 (1.001, 1.01) 0.013 1.007 (1.002, 1.012) 0.003
UO 1973.93 (1467.76) 1 (1, 1) < 0.001 1 (1, 1) 0.188
SOFA 6.36 (3.97) 1.093 (1.066, 1.12) < 0.001 1.083 (1.044, 1.124) < 0.001
SIRS 2.82 (0.86) 1.15 (1.012, 1.307) 0.032 0.999 (0.856, 1.165) 0.986
COPD 357 (30.4) 1.461 (1.171, 1.824) 0.001 1.375 (1.084, 1.744) 0.009
RD 295 (25.1) 1.498 (1.19, 1.885) 0.001 0.934 (0.702, 1.242) 0.639
Sepsis 758 (64.5) 1.751 (1.371, 2.235) < 0.001 1.138 (0.861, 1.505) 0.363
BMI: Body mass index; MBP: Mean arterial blood pressure; SPO2: Pulse oxygen saturation; Lac: Lactic acid; WBC: White blood cell count; RBC: Red blood cell count; 
NLR: Neutrophil lymphocyte ratio; RDW: Red blood cell distribution width; MCHC: Mean corpuscular hemoglobin concentration; AST: Aspartate aminotransferase; 
ALP: Alkaline phosphatase; TB: Total bilirubin; BUN: Blood urea nitrogen; SCR: Serum creatinine; INR: International normalized ratio; PT: Prothrombin time; PTT: Partial 
thromboplastin time; UO: urine output; SOFA: Sequential organ failure assessment; SIRS: Systemic inflammatory syndrome; COPD: Chronic obstructive pulmonary 
disease; RD: Renal disease
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External validation
To validate the generalizability of our findings, we 
enrolled 839 patients from the eICU database to con-
struct an external validation cohort. The baseline char-
acteristics of this cohort were broadly comparable to 
the original derivation cohort (Table S2). In the exter-
nal validation cohort, the NLR cutoff of 11.11 exhibited 
comparable discriminative power (AUC = 0.601, 95% CI: 
0.574–0.651), and the high-NLR group demonstrated a 
significantly lower survival probability compared to the 
low-NLR group (log-rank P = 0.0012; see Figure S1).

Discussion
This study has several key findings: (1) NLR was signifi-
cantly elevated in patients with AHF in the ICU with 
poor consequences; (2) Elevated NLR increases the risk 
of death within one year; (3) NLR exhibits a non-linear 
association with patient mortality risk, with a sharp 
increase when NLR exceeds 11.11.

Our study aimed to explore factors related to the one-
year mortality risk of patients with AHF in the ICU, with 
a particular focus on the predictive value of NLR as a sys-
temic inflammation marker. Through a comprehensive 
analysis of 1,176 patients with AHF, we identified a range 
of clinical factors and biomarkers that were significantly 
associated with the risk of death.

First, NLR, as a simple, cost-effective, and widely avail-
able systemic inflammation marker, has been increasingly 
shown to be useful in predicting the prognosis of various 
diseases in recent research [17, 18]. Our results further 
demonstrate that NLR exhibits additional risk stratifi-
cation capability for predicting long-term mortality in 
patients with AHF, especially in the severe ICU setting. 
Monitoring NLR allows clinicians to identify high-risk 
patients more accurately, enabling more proactive treat-
ment and interventions.

The predictive value of NLR is likely closely related 
to the systemic inflammatory state it reflects [19]. Sys-
temic inflammation is crucial for the occurrence, devel-
opment, and prognosis of cardiovascular diseases [20]. 
During the pathological process of AHF, inflammatory 
reactions can lead to myocardial cell damage, worsening 
heart function, and the occurrence of a series of adverse 
cardiovascular events [21–23]. Studies suggest that 
proinflammatory cytokines, lipopolysaccharides, and 
hypoxia signals can affect lymphocyte function and pro-
long neutrophil apoptosis [24]. Therefore, an increase in 
the NLR, indicating elevated inflammation, may further 
exacerbate myocardial injury and heart failure, leading 
to a higher risk of mortality. Biomarkers such as RDW 
and lactate, which also reflect inflammation, support 
this view [25–27]. Interestingly, our study also found that 
PTT increases the risk of death, possibly due to chronic 
hypoxia-induced systemic inflammatory responses caus-
ing coagulation factor concentration imbalance and arte-
rial/venous endothelial dysfunction [28].

Moreover, existing observational studies support the 
value of the NLR in predicting outcomes in patients with 
AHF. For instance, a study including nearly patients with 
AHF found a significantly increased mortality rate during 
hospitalization in patients with elevated NLR at admis-
sion [29]. Another long-term follow-up study showed 
that patients with AHF with a higher NLR had a signifi-
cantly increased long-term mortality rate [24, 30]. These 
findings indicate that NLR can not only be used to pre-
dict short-term outcomes in patients with AHF, but also 

Fig. 3  The nonlinear relationship between NLR and death risk. NLR: Neu-
trophil lymphocyte ratio; HR: Hazard ratio; CI: Confidence interval

 

Fig. 2  The mortality rate during follow-up was compared between differ-
ent tertiles. T1: The lowest third of the data; T2: The middle third of the data; 
T3: The highest third of the data; TNLR: Tertile of neutrophil lymphocyte 
ratio
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provide crucial information about long-term survival. It 
is worth noting that our study showed a non-linear asso-
ciation between NLR and mortality risk. When the NLR 
exceeds a certain threshold (11.11 in this study), the risk 
of death significantly rises, setting our study apart from 
previous research.

Age was identified as a vital factor for one-year mortal-
ity in patients with AHF. This aligns with previous studies 
[31, 32], indicating that physiological decline in elderly 
patients, increased comorbidities, and decreased adapt-
ability to stress might lead to a poorer prognosis [33].

Furthermore, we found that a high BMI is an indepen-
dent protective factor for AHF patients in the ICU. First, 
a higher BMI may provide patients with better metabolic 

reserves, enabling them to better tolerate the increased 
catabolic state during the acute phase of the disease [34, 
35]. Second, obese patients typically exhibit higher levels 
of leptin, which, under critical conditions, can modulate 
immune responses and reduce levels of inflammatory 
cytokines such as TNF-α and IL-6, thereby attenuating 
the inflammatory response [36]. Obese patients are also 
often characterized by abnormal visceral fat distribution 
and endocrine dysregulation, which may lead to altera-
tions in endothelial function and activation of the renin-
angiotensin as well as the sympathetic nervous systems; 
such activations could play a beneficial role in maintain-
ing hemodynamic stability in critically ill patients [37]. 
Simultaneously, although obese patients have lower 

Fig. 4  (A). The kernel density plot indicates that the propensity scores of the two groups were best matched after adjustment. (B). Point plots indicate 
the matches for each patient between the two groups as well as those that were not matched. (C). The love point shows the situation of each variable 
before and after matching, after matching each variable has basically reached the equilibrium state. Survival analysis ROC curve. ROC: Receiver operating 
characteristic
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plasma adiponectin levels and are more prone to comor-
bidities such as hypertension and diabetes mellitus, these 
factors also result in them receiving more intensive treat-
ment and nursing support during routine management 
and critical care, which may ultimately improve their 
prognosis [38, 39].

Our study found that comorbid chronic obstructive 
pulmonary disease (COPD) significantly increased the 
one-year mortality risk in AHF patients. Research indi-
cates that these two diseases often coexist [40] and share 
several common risk factors [41, 42]. The persistent air-
way inflammation and hypoxia status in COPD, along 

with dynamic hyperinflation and increased chest pres-
sure, may impair ventricular filling, leading to diastolic 
dysfunction, exacerbating the course of AHF and result-
ing in an adverse prognosis [43]. Therefore, the impact of 
these comorbidities should be thoroughly considered and 
controlled during the treatment of patients with AHF.

In conclusion, our findings suggest that in clinical prac-
tice, especially in daily care and treatment in the ICU, 
greater attention and therapeutic interventions should be 
given to AHF patients with higher NLR.

Clinical implications
Our findings have important clinical implications for 
the treatment and management of patients with AHF in 
the ICU. Incorporating the NLR into AHF patient risk 
assessment strategies could offer valuable insights into 
cardiovascular risk profiles. Given its cost-effectiveness 
and widespread availability, the NLR index is a practical 
and easily implementable tool for identifying high-risk 
individuals who may receive intensified monitoring and 
early interference.

Moreover, we used a variety of different dimen-
sions, such as cubic splines, propensity score matching, 
and subgroup analysis, to confirm the strong associa-
tion between the NLR and long-term mortality risk in 
patients with AHF in the ICU. Moreover, the nonlinear 
correlation was another important finding of our study. 
This will facilitate personalized treatment decisions. By 
integrating the NLR into routine clinical practice, health-
care providers can enhance risk prediction accuracy and 
tailor management strategies to suit the needs of this 
often-overlooked high-risk population.

Fig. 6  Receiver operating curve for the MIMIC cohort

 

Fig. 5  The curves of Kaplan–Meier’s survival analysis. (A). The curves of Kaplan–Meier’s survival analysis in the unmatched cohort. (B). The curves of Ka-
plan–Meier’s survival analysis in the matched cohort
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Limitations
Finally, our study had several limitations. First, it was a 
single-center study, which may have introduced selection 
bias and regional constraints. Second, despite adjusting 
for multiple potential confounding factors, the impact of 
unmeasured confounders on results cannot be ruled out. 
Additionally, because this study was observational, causal 
relationships could not be established. Future research 
should include larger sample sizes and multicenter pro-
spective studies to validate our findings and explore 
potential mechanisms.

Conclusions
In conclusion, our study results indicate that NLR, as a 
simple and widely available inflammatory biomarker, 
possesses additional risk stratification capability for pre-
dicting the long-term mortality risk of AHF patients in 
the ICU. These findings will help clinicians to more accu-
rately assess patient prognosis and formulate more per-
sonalized treatment plans.
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