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A B S T R A C T   

Background: Hypochloremia and red blood cell distribution width (RDW) play important roles in 
congestive heart failure (CHF) pathophysiology, and they were associated with the prognosis of 
CHF. However, the prognostic value of chloride combined with RDW in patients with CHF re-
mains unknown. 
Methods: We retrospectively analyzed critically ill patients with CHF. The database was derived 
from the Medical Information Mart for Intensive Care IV v2.0 (MIMIC-IV-v2.0) database. 
Results: In the final analysis, 5376 critically ill patients with CHF were included, and 2428 pa-
tients (45.2 %) experienced 5-year mortality. The restricted cubic spline model revealed a positive 
correlation between RDW and 5-year mortality, whereas chloride showed a U-shaped correlation 
with 5-year mortality. The median values of RDW and chloride were used to classify patients into 
four groups: high chloride/low RDW, low chloride/low RDW, high chloride/high RDW, and low 
chloride/high RDW. We observed the prognostic value of RDW combined with chloride in the Cox 
proportional hazard model, in predicting 5-year mortality, in-hospital mortality and 1-year 
mortality. Furthermore, we discovered that patients with chronic kidney disease (CKD) had a 
higher 5-year mortality risk than patients without CKD. 
Conclusion: We found the translational potential role of chloride combined with RDW in priori-
tizing patients at high risk for short- and long-term mortality in a cohort of critically ill patients 
with CHF. Prospective multicenter investigations are warranted to validate our results.  
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1. Introduction 

Congestive heart failure (CHF) has a higher risk of morbidity and mortality worldwide, with a 5-year mortality rate of ~50 % after 
diagnosis, putting a significant strain on the global health care system [1]. Electrolyte imbalances have been demonstrated to play an 
important role in fluid homeostasis and influencing the progression of CHF [2]. However, in recent decades, practice guidelines have 
primarily focused on sodium, whereas chloride has recently been shown to be associated with neurohormonal system activity in CHF 
and to be superior to sodium as an independent risk factor for the prognosis of CHF in patients [1,3,4]. Furthermore, chronic kidney 
disease (CKD) is prevalent in patients with hypochloremia, which interferes with the kidneys’ role in regulating electrolyte balances 
and diuresis, but there is limited evidence that chloride has a predictive value in patients with CHF and CKD. 

In addition, a higher level of red blood cell distribution width (RDW) is associated with a higher risk of mortality in patients with 
CHF [5,6]. Previous research revealed that inflammation, neurohormonal system activity, and endothelial dysfunction (ED) may cause 
red blood cell (RBC) maturation by disrupting the RBC membrane, resulting in a higher level of RDW [5,7,8]. RDW has also recently 
been linked to an increased risk of mortality and accelerated CKD deterioration in patients with CKD [9]. RDW has been linked to 
functional iron availability, erythropoietic activity, and interleukin-6 in patients with CHF and CKD in previous studies [10,11]. 
Therefore, RDW has predictive value in the prognosis of cardiorenal patients. 

Considering hypochloremia is a major determinant of changes in renin-angiotensin-aldosterone system (RAAS), sympathetic 
nervous system, and plasma volume, and that neurohormonal system activation increase the RDW level, we hypothesized that chloride 
combined with RDW could be useful in the risk stratification of critically ill patients with CHF. Furthermore, we investigated whether 
chloride combined with RDW showed a prognostic impact in critically ill patients with CHF and CKD, and whether the role of RDW 
combined with chloride in predicting mortality is consistent across different cardiac function states. 

2. Methods 

2.1. Study population 

This is an observational study. Data were extracted from the Medical Information Mart for Intensive Care IV v2.0 (MIMIC-IV-v2.0) 
database, which is a single database maintained by the Massachusetts Institute of Technology (MIT) that contains medical data from 
Beth Israel Deaconess Medical Center (Boston, Massachusetts, USA) between 2008 and 2019. Chong Zhang, one of the scholars, is 
authorized to use the database (Record ID 51185766). Moreover, the extract data were validated and checked by Drs Chong Zhang， 
Tian-hua Hou, and Wei-ru Liang to ensure accuracy of data. The database is publicly available with a waiver for ethical approval 
statement and informed consent. 

We included 5433 patients who were diagnosed with CHF and first admitted to the intensive care unit (ICU), from the MIMIC-IV 
database. Patients who were discharged or died within 24 h of being admitted to the hospital were excluded. Finally, we analyzed data 
from 5376 patients with CHF. Fig. 1 depicts the study design. 

Fig. 1. Flow chart of the study.  
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2.2. Study variables 

The data were extracted from the MIIMIC-IV database using PostgreSQL (version 14.5) and Navicat Premium (version 15.0). 
Demographic characteristics included age, gender, and body mass index (BMI); laboratory tests performed within 24 h of hospitali-
zation included: hemoglobin (HGB), platelet (PLT), white blood cell (WBC), RDW, PH, sodium, potassium, chloride, bicarbonate, 
estimated glomerular filtration rate (eGFR), glucose (Glu), and N-terminal probrain natriuretic peptide (NT-proBNP); the following 
vital indicators were recorded: systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate. The ICU admission were as 
follows: sequential organ failure assessment (SOFA) score, systemic inflammatory response syndrome (SIRS) score, logistic organ 
dysfunction system (LODS) score, acute physiology score III (APS III), model for end-stage liver disease (MELD), and ICU types; 
comorbidities were as follows: hypertension (HTN), chronic kidney disease (CKD), diabetes mellitus (DM), chronic obstructive pul-
monary disease (COPD); medications during hospitalization included: diuretics, angiotensin converting enzyme inhibitor/angiotensin 
receptor blocker (ACEI/ARB), β-blocker, mineralocorticoid receptor antagonists (MRAs). Discharge diagnosis was used to determine 

Table 1 
The baseline characteristics of critically ill patients with CHF.  

Categories Survival group (n = 2948) Non-survival group (n = 2428) P value 

Demographic 
Age, year 68.5 ± 13.4 74.0 ± 12.3 <0.001 
Sex, male, n (%) 1729 (58.6) 1376 (56.7) 0.14 
Body mass index, kg/m2 28.5 ± 5.3 27.1 ± 5.6 <0.001 
Comorbidities, n (%) 
CKD 799 (27.1) 1065 (43.9) <0.001 
COPD 56 (1.9) 69 (2.8) 0.023 
Hypertension 768 (26.1) 473 (19.5) <0.001 
Diabetes 1114 (37.8) 1048 (43.2) <0.001 
Laboratory tests 
eGFR, mL/min/1.73m2 67.1 (43.7, 89.5) 41.1 (22.7, 65.5) <0.001 
Glucose, mg/dL 124.0 (105.0, 155.0) 131.0 (106.0, 178.0) <0.001 
HbA1c, % 5.9 (5.5, 6.8) 5.8 (5.3, 6.6) <0.001 
NT-proBNP, pg/mL 7139.2 (1856.5, 18231.0) 11174.8 (3955.0, 23004.6) <0.001 
PH 7.4 (7.3, 7.4) 7.4 (7.3, 7.4) <0.001 
Sodium, mmol/L 139.0 (136.0, 141.0) 139.0 (135.0, 141.0) 0.77 
Potassium, mmol/L 4.3 (4.0, 4.6) 4.3 (3.9, 4.8) 0.01 
Bicarbonate, mmol/L 24.0 (22.0, 26.0) 23.0 (20.0, 27.0) 0.001 
Chloride, mmol/L 105.0 (101.0, 108.0) 103.0 (98.0, 107.0) <0.001 
PLT, 109/L 199.0 (153.0, 258.0) 208.0 (150.0, 286.0) 0.026 
WBC, 109/L 13.3 (9.7, 18.1) 12.8 (8.8, 17.9) <0.001 
HGB, mg/dL 11.0 (9.9, 12.5) 10.5 (9.2, 12.0) <0.001 
RDW, % 14.8 (13.7, 16.3) 16.1 (14.8, 17.9) <0.001 
ICU admission 
LODS score 5.0 (3.0, 7.0) 6.0 (4.0, 9.0) <0.001 
APSIII score 36.0 (29.0, 44.0) 43.0 (35.0, 52.0) <0.001 
SIRS score 3.0 (2.0, 3.0) 3.0 (2.0, 3.0) <0.001 
SOFA score 3.0 (2.0, 6.0) 4.0 (2.0, 7.0) <0.001 
MELD score 12.9 (9.0, 18.3) 18.7 (12.0, 25.0) <0.001 
ICU types, n (%)   <0.001 
CVICU 1328 (45.0) 347 (14.3)  
CCU 745 (25.3) 676 (27.8)  
MICU/SICU 707 (24.0) 1204 (49.6)  
NSICU 44 (1.5) 58 (2.4)  
TSICU 124 (4.2) 143 (5.9)  
Vital signs 
Heart rate, bpm 82 (74, 92) 84 (73, 96) <0.001 
SBP, mmHg 113.0 (106.0, 122.0) 111.0 (102.0, 123.0) <0.001 
DBP, mmHg 59 (53, 66) 58 (52, 66) 0.001 
Medication, n (%) 
ACEI/ARB 1563 (53.0) 799 (32.9) <0.001 
β-blocker 2413 (81.9) 1711 (70.5) <0.001 
MRAs 26 (0.9) 11 (0.5) 0.058 
Diuretics 2579 (87.5) 1966 (81.0) <0.001 

Abbreviations: ACEIs/ARBs = angiotensin converting enzyme inhibitors/angiotensin receptor blockers; APS III = acute physiology score III; CCU =
coronary care unit; CHF = congestive heart failure; CKD = chronic kidney diseases; COPD = chronic obstructive pulmonary disease; CVICU =
cardiovascular intensive care unit; DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; HGB = hemoglobin; ICU = intensive 
care unit; LODS = logistic organ dysfunction system; MELD = model for end-stage liver disease; MICU/SICU = medical intensive care unit/surgical 
intensive care unit; MRAs = mineralocorticoid receptor antagonists; NSICU = neurosurgical intensive care unit; PLT = platelet; RDW = red blood cell 
distribution width; SBP = systolic blood pressure; SIRS = systemic inflammatory response syndrome; SOFA = sequential organ failure assessment; 
TSICU = trauma/surgical intensive care unit; WBC = white blood cell. 
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comorbidities using International Classification of Diseases, version 9 (ICD-9) codes and International Classification of Diseases, 
version 10 (ICD-10) codes. 

2.3. Adverse clinical events 

The investigation began at the time that patients were admitted to the hospital. The primary outcome was 5-year mortality. The 
secondary outcomes included in-hospital mortality and 1-year mortality. 

2.4. Statistical analysis 

Patients with CHF were divided into a survival group and a non-survival group. Continuous variables with a normal distribution are 
expressed as the mean ± standard deviation (SD), whereas nonparametric continuous variables are expressed as the medians and 
interquartile ranges (25th-75th percentiles). Categorical variables are expressed as frequencies and percentages. Furthermore, the 
unpaired t-test and the Mann-Whitney U test were used to test for differences between groups for continuous variables, while the chi- 
squared test was used for categorical variables. 

We analyzed the relationship between RDW and chloride using Spearman’s correlation after logarithmic transformation. The 
Kaplan-Meier survival analysis and the Cox proportional hazard model were used to estimate the risk of 5-year mortality, 1-year 
mortality, and in-hospital mortality based on the RDW stratified by chloride—high chloride/low RDW, low chloride/low RDW, 
high chloride/high RDW, and low chloride/high RDW, according to the median values of RDW and chloride. A restricted cubic spline 
(RCS) model with five knots was used to assess the association between RDW, chloride, and 5-year mortality. Multivariate imputation 
(MI) was used to deal with missing values below 30 %. Age, BMI, HGB, PLT, WBC, potassium, bicarbonate, PH, eGFR, Glu, NT-proBNP, 
SBP, DBP, heart rate, SIRS score, SOFA score, MELD score, LODS score, APS III score, HTN, CKD, DM, COPD, diuretics, ACEI/ARB, and 
β-blockers were included as covariates in the adjusted model. The covariates were statistically different between patients with CHF in 
the survival group and the non-survival group. We used Stata 17.0 (StataCorp., College Station, TX) for all analyses. A two-tailed P 
value < 0.05 was considered statistically significant. 

3. Results 

3.1. Baseline characteristics 

We included 5376 critically ill patients with CHF in the analysis, and 2428 patients (45.2 %) experienced 5-year mortality. 
Compared to the non-survival group, the survival group had more elderly people, a higher RDW, a lower chloride level, higher disease 
severity scores, a high proportion of patients with comorbidities, and a lower use of medications during hospitalization (Table 1). 

3.2. Association between RDW, chloride and 5-year mortality during follow-up 

Spearman’s correlation analysis revealed an inverse relationship between RDW and chloride, with a correlation coefficient of − 0.1 
(P < 0.001). Furthermore, we used Spearman’s correlation analysis to estimate the relationship between RDW, chloride, and WBC, and 
the correlation coefficients were − 0.04 (P = 0.004) and 0.11 (P < 0.001) respectively. The RCS model showed a positive relationship 
between RDW and 5-year mortality (Fig. 2A); additionally, chloride showed a U-shaped correlation with 5-year mortality, with a lower 

Fig. 2. Restricted cubic spline analysis of RDW and chloride with 5-year mortality. Heavy central lines represent the hazard ratio, with shaded 
ribbons denoting the 95 % confidence interval. A: Association between RDW and 5-year mortality. The reference is the median value of RDW. B: 
Association between chloride and 5-year mortality. 
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chloride level associated with a higher risk of 5-year mortality, while the risk of mortality for high chloride showed no statistical 
significance (Fig. 2B). 

3.3. Association between RDW stratified by chloride and short- and long-term mortality during follow-up 

Patients were categorized into four groups based on the median values of RDW (15.4 %) and chloride (104 mmol/L)—high 
chloride/low RDW, low chloride/low RDW, high chloride/high RDW, and low chloride/high RDW. The incidence rate of in-hospital 
mortality, 1-year mortality, and 5-year mortality were highest in the low chloride/high RDW group compared with the high chloride/ 
low RDW group (Table 2). The Kaplan-Meier survival analysis (Fig. 3A) revealed that the low chloride/high RDW group showed the 
highest risk of 5-year mortality among the four groups. We observed the predictive efficacy of RDW combined with chloride in pre-
dicting in-hospital mortality, 1-year mortality, and 5-year mortality in the Cox proportional hazard model (Table 3). Moreover, the 
relationship between other risk factors and mortality were shown in (Supplementary Tables S1–S3). 

3.4. Sensitivity analysis 

We discovered the predictive efficacy of RDW combined with chloride in predicting 5-year mortality among patients with and 
without CKD using the Cox proportional hazard model. Furthermore, we found that patients with CKD showed a higher risk of 5-year 
mortality (hazard ratio [HR] 2.00, 95 % confidence interval [CI] 1.62 to 2.47, P < 0.001) than patients with no CKD (HR 1.70, 95 % CI 
1.44 to 2.01, P < 0.001) (Table 4). In addition, the predictive value remains significant among patients in different cardiac function 
states classified by tertiles of baseline NT-proBNP levels (Table 4). 

3.5. Subgroup analyses 

We estimated the relationship between chloride and 5-year mortality based on various risk factors, including age, gender, BMI, 
HTN, and DM. We found that there was no interaction between these risk factors, demonstrating the prognostic value of RDW 
combined with chloride in distinct populations (Fig. 3B). 

4. Discussion 

In this study, we discovered that critically ill patients with CHF had a higher 5-year mortality rate of 45.2 %. RDW had an inverse 
relationship with chloride and a positive relationship with 5-year mortality, whereas chloride had a U-shaped correlation with 5-year 
mortality, and a lower chloride level was related to a higher risk of 5-year mortality compared to a higher chloride level. Furthermore, 
RDW combined with chloride may be useful for risk stratification in critically ill patients with CHF as well as patients with CKD and 
different cardiac function states. Since RDW and chloride are rapid, inexpensive, and readily available parameters in clinical practice, 
we believe that RDW combined with chloride can help prioritize patients at high risk of short- and long-term mortality in critically ill 
patients with CHF. 

Considering chloride is important in CHF pathophysiology and there is no consensus on the normal ranges of chloride levels, we 
chose the median value of chloride to define hypochloremia and hyperchloremia. Hypochloremia can cause arrhythmias [12], RAAS 
activation [1], sympathetic nervous system activation [1], and diuretic resistance [3], all of which worsen congestion in patients with 
CHF. Previous research has linked hypochloremia to major adverse cardiovascular events (MACEs) [13–16], but other research has 
revealed hypochloremia and hyperchloremia to be independent risk factors for MACEs [17–20]. In this study, we found that chloride 
showed a U-shaped correlation to 5-year mortality, and only hypochloremia was statistically significant. Hypochloremia stimulates 
neurohormonal system activity, which leads to increased levels of RDW by promoting RBC maturation that disturbs the red cell 
membrane. Furthermore, chloride channel subtype 3 (CIC-3) has recently been linked to the inflammatory response, oxidative stress, 
and regulatory volume decrease (RVD) in patients with CHF who have hypochloremia [21], implying that higher RDW levels are 
induced. In this study, we discovered hypochloremia and higher RDW levels were associated with higher WBC levels, which reflected 
the state of the inflammatory response, and that the low chloride/high RDW group had the highest risk of short-term and long-term 
mortality among the four groups, which is consistent with the findings of previous studies. 

We also found that RDW combined with chloride showed a higher risk of 5-year mortality in patients with CKD compared to 

Table 2 
The incidence of mortality of critically ill patients categorized by chloride with RDW.   

High chloride/low RDW (n 
= 1525) 

Low chloride/low RDW (n 
= 1219) 

High chloride/high RDW (n 
= 1264) 

Low chloride/high RDW (n 
= 1368) 

P value 

In-hospital mortality, 
n (%) 

144 (9.4) 156 (12.8) 255 (20.2) 354 (25.9) <0.001 

1-year mortality, n 
(%) 

348 (22.8) 368 (30.2) 545 (43.1) 763 (55.8) <0.001 

5-year mortality, n 
(%) 

440 (28.9) 468 (38.4) 647 (51.2) 873 (63.8) <0.001 

Abbreviations: RDW = red blood cell distribution width. 
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patients with no CKD. Critically ill patients with CHF and CKD have a poor prognosis. Patients with CHF usually have compromised 
renal perfusion due to lower cardiac output and venous system congestion. Chloride regulates tubuloglomerular feedback to maintain 
electrolyte balances. The low chloride/high RDW group has the worst symptoms of congestion, sympathetic nervous system activation, 
and inflammatory response activation, all of which contribute to a poor prognosis for patients with CHF. Furthermore, RDW combined 
with NT-proBNP improves the prognostic value of CHF [6], but it is unclear whether NT-proBNP regulates the prognostic value of 
chloride. Cuthbert et al. discovered that hypochloremia was associated with mortality, regardless of NT-proBNP [17]. However, 
Armstrong et al. found that a higher chloride level was associated with a decreased risk of MACEs after adjustment using covariates 
including NT-proBNP [22]. In this study, we evaluated the association between NT-proBNP and RDW combined with chloride, and we 
found that the low chloride/high RDW group showed the highest risk of 5-year mortality among different NT-proBNP levels, indicating 
that RDW and chloride had a prognostic value independent of NT-proBNP. 

Nevertheless, this study has several limitations: (1) This was a single-center retrospective cohort study, and prospective multicenter 
studies are required to validate our findings; (2) because the MIMIC-IV-ECHO module was under embargo until: Jan. 17, 2024 (URL: 
https://www.physionet.org/content/mimic-iv-echo/0.1/). Therefore, we had no access to acquire records in MIMIC-IV-ECHO as well 
as left ventricular ejection fraction (LVEF), and we were unable to investigate the role of RDW combined with chloride in clinical 
subtypes of heart failure, such as heart failure with preserved ejection fraction (HFpEF), heart failure with mildly reduced EF 

Fig. 3. A: Kaplan-Meier survival analysis curves for 5-year mortality based on the RDW stratified by chloride. B: Forest plots of the hazard ratio for 
5-year mortality. 
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Table 3 
Cox proportional hazard models for chloride combined with RDW and mortality during follow-up.  

Categories Crude model Adjusted model 

HR and 95%CI P value HR and 95%CI P value 

In-hospital mortality 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.39 (1.11–1.74) 0.005 1.39 (1.10–1.76) 0.006 
High chloride/high RDW 2.27 (1.85–2.79) <0.001 1.48 (1.20–1.83) <0.001 
Low chloride/high RDW 3.01 (2.48–3.65) <0.001 1.89 (1.52–2.34) <0.001 
1-year mortality 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.39 (1.20–1.61) <0.001 1.24 (1.07–1.45) 0.005 
High chloride/high RDW 2.18 (1.91–2.50) <0.001 1.58 (1.38–1.81) <0.001 
Low chloride/high RDW 3.08 (2.71–3.49) <0.001 1.93 (1.67–2.22) <0.001 
5-year mortality 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.42 (1.24–1.62) <0.001 1.25 (1.09–1.43) 0.002 
High chloride/high RDW 2.13 (1.88–2.40) <0.001 1.57 (1.39–1.78) <0.001 
Low chloride/high RDW 2.97 (2.65–3.33) <0.001 1.86 (1.63–2.11) <0.001 

Note: Covariates for the adjusted model included age, BMI, HGB, PLT, WBC, potassium, bicarbonate, PH, eGFR, Glu, NT-proBNP, SBP, DBP, heart rate, 
SIRS, SOFA, MELD, LODS, APS III, hypertension, CKD, diabetes, COPD, diuretics, ACEI/ARB, β-blocker. 
Abbreviations: ACEI/ARB = angiotensin converting enzyme inhibitors/angiotensin receptor blockers; APS III = acute physiology score III; BMI =
body mass index; CKD = chronic kidney diseases; COPD = chronic obstructive pulmonary disease; DBP = diastolic blood pressure; eGFR = estimated 
glomerular filtration rate; Glu = glucose; HGB = hemoglobin; LODS = logistic organ dysfunction system; MELD = model for end-stage liver disease; 
NT-proBNP=N-terminal probrain natriuretic peptide; PLT = platelet; RDW = red blood cell distribution width; SBP = systolic blood pressure; SIRS =
systemic inflammatory response syndrome; SOFA = sequential organ failure assessment; WBC = white blood cell. 

Table 4 
Sensitivity analysis for association between chloride combined with RDW and 5-year mortality.  

Categories Crude model Adjusted model 

HR and 95%CI P value HR and 95%CI P value 

CKD patients 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.32 (1.06–1.64) 0.013 1.17 (0.93–1.48) 0.139 
High chloride/high RDW 2.05 (1.68–2.51) <0.001 1.68 (1.37–2.06) <0.001 
Low chloride/high RDW 2.59 (2.15–3.13) <0.001 2.00 (1.62–2.47) <0.001 
Non-CKD patients 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.41 (1.20–1.65) <0.001 1.28 (1.08–1.52) 0.004 
High chloride/high RDW 2.00 (1.72–2.34) <0.001 1.48 (1.26–1.73) <0.001 
Low chloride/high RDW 2.85 (2.46–3.31) <0.001 1.70 (1.44–2.01) <0.001 
NT-proBNP (T1) 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.49 (1.17–1.90) 0.001 1.31 (1.02–1.70) 0.036 
High chloride/high RDW 2.06 (1.63–2.60) <0.001 1.73 (1.37–2.20) <0.001 
Low chloride/high RDW 3.23 (2.59–4.03) <0.001 2.31 (1.80–2.96) <0.001 
NT-proBNP (T2) 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.23 (1.00–1.53) 0.054 1.26 (1.01–1.58) 0.042 
High chloride/high RDW 1.78 (1.45–2.18) <0.001 1.50 (1.22–1.85) <0.001 
Low chloride/high RDW 2.42 (2.00–2.93) <0.001 1.70 (1.37–2.11) <0.001 
NT-proBNP (T3) 
High chloride/low RDW Ref.  Ref.  
Low chloride/low RDW 1.57 (1.26–1.97) <0.001 1.18 (0.93–1.49) 0.182 
High chloride/high RDW 2.49 (2.04–3.04) <0.001 1.55 (1.26–1.91) <0.001 
Low chloride/high RDW 3.14 (2.60–3.80) <0.001 1.79 (1.44–2.22) <0.001 

Note: Different cardiac function states that were categorized according to the tertiles of baseline NT-proBNP levels including T1, T2 and T3. 
Covariates for the adjusted model included age, BMI, HGB, PLT, WBC, potassium, bicarbonate, PH, eGFR, Glu, NT-proBNP, SBP, DBP, heart rate, SIRS, 
SOFA, MELD, LODS, APS III, hypertension, CKD, diabetes, COPD, diuretics, ACEI/ARB, β-blocker. 
Abbreviations: ACEI/ARB = angiotensin converting enzyme inhibitors/angiotensin receptor blockers; APS III = acute physiology score III; BMI =
body mass index; CKD = chronic kidney diseases; COPD = chronic obstructive pulmonary disease; DBP = diastolic blood pressure; eGFR = estimated 
glomerular filtration rate; HGB = hemoglobin; LODS = logistic organ dysfunction system; MELD = model for end-stage liver disease; NT-proBNP=N- 
terminal probrain natriuretic peptide; PLT = platelet; RDW = red blood cell distribution width; Glu = glucose; SBP = systolic blood pressure; SOFA =
sequential organ failure assessment; SIRS = systemic inflammatory response syndrome; WBC = white blood cell. 
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(HFmrEF), and heart failure with reduced EF (HFrEF). Admittedly, we have no information concerning LVEF. However, NT-proBNP 
that was measured first 24 h of hospitalization would be an important measurement for left ventricular function, which has nearly the 
same function as LVEF. Moreover, incorporating LVEF into the Cox proportional hazard model would introduce the potential issue of 
collinearity with NT-proBNP; (3) due to the design of MIMIC-IV-v2.0 database didn’t involve paraclinical parameters data during post- 
discharge follow-up, we therefore couldn’t obtain the levels of chloride and RDW during the 5 years. 

5. Conclusion 

In conclusion, we found a translational role of chloride combined with RDW in prioritizing patients at high risk for short-term and 
long-term mortality in a cohort of critically ill patients with CHF. Prospective multicenter studies are warranted to validate our 
findings. 
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