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Association between red cell distribution width and 30-day mortality in patients with sepsis-associated liver injury: a retrospective cohort study
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Background: Sepsis-associated liver injury (SALI) is a critical component of sepsis-induced multiple organ dysfunction with high mortality. Identifying biomarkers for risk stratification is essential. Red cell distribution width (RDW), indicating variation in red blood cell volume, has been linked to adverse outcomes in various diseases. This study aimed to evaluate the association between RDW and 30-day mortality in SALI patients.

Methods: A retrospective cohort study was conducted using data from the Medical Information Mart for Intensive Care-IV database. Patients admitted to the intensive care unit (ICU) with SALI were included. RDW was recorded within the initial 24 h. The primary outcome was 30-day mortality. A multivariable Cox regression analysis was performed to examine the relationship between RDW and mortality.

Results: Among 529 SALI patients (mean age 68.7 years, 61.8% male), 46.1% had RDW > 15.5%. The 30-day mortality rate was 35.5%. RDW was significantly higher in non-survivors compared to survivors (17.2 ± 3.0 vs. 15.4 ± 2.3, P < 0.001). Cox regression identified RDW as an independent risk factor for 30-day mortality (HR 1.14, 95% CI 1.09 to 1.19, P < 0.001). Subgroup analyses demonstrated that the findings were consistent across the various groups.

Conclusion: Elevated RDW is independently associated with higher 30-day mortality in patients with SALI, suggesting its potential role in risk stratification and clinical management.

Keywords
sepsis-associated liver injury, red cell distribution width, 30-day mortality, critical illness, sepsis


1 Introduction

Sepsis, characterized by life-threatening organ dysfunction due to a dysregulated host response to infection, is a leading cause of global health burden (1). A global epidemiological study reported 48.9 million new cases of sepsis and 11.0 million sepsis-related deaths in 2017, accounting for 19.7% of global mortality (2). The liver plays a key role in maintaining metabolic balance and immune regulation (3, 4), particularly in the context of sepsis, where it is vital for orchestrating immune responses (5). Sepsis-associated liver injury (SALI) refers to liver dysfunction or injury induced by sepsis. Various factors, including pathogens, shock, excessive inflammatory responses, persistent microcirculatory failure, and oxidative stress, can lead to SALI (6). There are two main manifestations of SALI: ischemic hypoxic liver injury and sepsis-related cholestasis (7). There are no unified diagnostic criteria for SALI. The Surviving Sepsis Campaign Guidelines recommend using a total bilirubin > 2 mg/dL and an international normalized ratio (INR) > 1.5 as diagnostic criteria (8, 9). Mortality rates for SALI have been reported to be alarmingly high, ranging from 29.3 to 68% (10, 11). Given the high risk of mortality, early identification of SALI patients at risk of poor outcomes is essential for optimizing diagnostic and therapeutic strategies, ultimately improving patient prognosis.

Red cell distribution width (RDW) is derived from the standard deviation of erythrocyte volume based on the mean corpuscular volume. It serves as an indicator of anisocytosis, reflecting the variation in red blood cell size (12). Oxidative stress and inflammation are believed to shorten the lifespan of red blood cells and inhibit their maturation, leading to the premature release of immature erythrocytes into the bloodstream, thereby elevating RDW (13). These processes—oxidative stress and inflammation—are also key elements in the pathophysiology of sepsis. As a result, RDW may prove useful in identifying critically ill patients who require more intensive treatment. RDW has been recognized as an important prognostic marker in various acute conditions, such as heart failure (14), pancreatitis (15), kidney injury (16), stroke (17), and sepsis (18). Elevated RDW is consistently associated with worse clinical outcomes. The objective of this study is to assess the relationship between RDW and 30-day mortality in patients with SALI, while also investigating its potential utility as a prognostic indicator.



2 Material and methods


2.1 Data sources and setting

The study population was obtained from the MIMIC-IV database. This database is an electronic health record repository that includes extensive, high-quality, deidentified data on intensive care unit (ICU) patients from the Beth Israel Deaconess Medical Center (BIDMC) in Boston, MA, USA, covering the years between 2008 and 2019. Access to this dataset was granted under certification number 58844105. The Institutional Review Board at BIDMC approved a waiver of informed consent and permitted the use of this research resource. This cohort study followed the guidelines established by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (19).



2.2 Study population

Our study encompassed all eligible ICU patients from the MIMIC-IV database. We specifically targeted adults diagnosed with sepsis-3, characterized by an increase of at least 2 points in the Sequential Organ Failure Assessment (SOFA) score as a result of a dysregulated host response to infection (1). According to the Surviving Sepsis Campaign guidelines, the criteria for diagnosing sepsis-associated liver injury (SALI) include a total bilirubin level exceeding 2 mg/dL and an INR greater than 1.5 in patients with sepsis (10). These criteria are widely recognized in the literature. The study was restricted to patients with RDW measurements obtained within the first 24 h of ICU admission. The exclusion criteria included the following: (1) individuals younger than 18 years; (2) multiple hospital admissions, excluding their initial ICU admission; (3) absence of RDW data within 24 h of ICU admission or missing information on other variables.



2.3 Data extraction

Data pertinent to this study were obtained from the MIMIC-IV database through Structured Query Language (SQL) queries and were subsequently stored in PostgreSQL. At the time of sepsis diagnosis, initial records were systematically collected, including demographic details such as age, sex, and race; vital signs like heart rate and mean blood pressure (MBP); and laboratory findings that encompassed RDW, white blood cell count (WBC), platelet count, hemoglobin, hematocrit, glucose, blood urea nitrogen (BUN), creatinine, and alanine aminotransferase (ALT). Additionally, comorbidities were noted, including congestive heart failure, chronic respiratory disease, diabetes, renal disease, and malignant cancer, along with disease severity metrics such as SOFA score, Charlson comorbidity index, and simplified acute physiology score (SAPS II). The SOFA score evaluates organ dysfunction across six systems, each scored from 0 to 4, with higher scores indicating worse dysfunction (1) (Supplementary Table 1). The SAPS II score is calculated within 24 h of ICU admission, using 12 physiological variables (e.g., heart rate, blood pressure, oxygenation, serum potassium) and patient factors (age, chronic conditions) (20) (Supplementary Table 2). Each variable is assigned a predefined score, with higher scores indicating a higher mortality risk. The Charlson comorbidity index assesses 17 conditions, including cardiovascular disease, diabetes, chronic kidney disease, liver disease, and cancer (21) (Supplementary Table 3). Higher scores indicate a greater comorbidity burden and higher mortality risk. Interventions, including antibiotic therapy and vasoactive agents administered on day one, were also noted. Comorbidity information was obtained using the International Classification of Diseases (ICD) coding systems.



2.4 Grouping

Since none of the patients had an RDW below the normal range of 10.5 to 15.5%, they were classified into two groups: the normal RDW group (nRDW), comprising individuals with RDW ≤ 15.5%, and the high RDW group (hRDW), which included those with RDW > 15.5%. In addition, RDW was categorized into quartiles (Q1-Q4) for sensitivity analysis.



2.5 Outcome

The primary outcome was 30-day mortality. The secondary outcomes included in-hospital mortality, 90-day mortality, ventilator-free days until 28 days, vasopressor-free days until 28 days, and ICU-free days until 28 days.



2.6 Statistical analysis

Due to the retrospective design of this study, no predefined statistical analysis plan or power calculation was implemented; the sample size relied on available database data. Categorical variables are presented as frequencies and percentages, whereas continuous variables are expressed as means with standard deviations (SD) or medians with interquartile ranges (IQR). Continuous variables were assessed based on their distribution, utilizing either the Student’s t-test or the Wilcoxon rank-sum test. Categorical variables were evaluated using either Pearson’s chi-squared test or Fisher’s exact test.

Variable selection was guided by clinical relevance and existing literature. Variables with p-values < 0.1 in univariate analysis were included in the multivariate analysis (Supplementary Table 4). The effect of RDW on 30-day mortality was assessed using multivariable Cox regression models, yielding hazard ratios (HR) and 95% confidence intervals (CI) after adjusting for relevant covariates. Subgroup analyses were performed to explore interactions with covariates such as age, race, and comorbidities. Kaplan–Meier survival curves evaluated 30-day mortality across RDW categories, with significance determined by the log-rank test. Receiver operating characteristic (ROC) curves were generated to assess RDW’s predictive performance for 30-day mortality, calculated as the area under the curve (AUC). In addition, sensitivity analyses were performed by converting the types of variables and excluding special populations.

All analyses utilized R Statistical Software (Version 4.2.2, The R Foundation)1 and Free Statistics analysis platform (Version 2.0, Beijing, China). A p-value < 0.05 in a two-sided test was deemed statistically significant.




3 Results


3.1 Study cohort and patients’ characteristics

This analysis included a total of 529 patients diagnosed with SALI. The patient selection and data screening processes are illustrated in Figure 1. The baseline characteristics of patients, stratified by survival status, are presented in Table 1. The overall mean age at ICU admission was 68.7 years, and 61.8% of the patients were male. Patients in the non-survival group demonstrated higher scores on the Charlson comorbidity index, SOFA score, and SAPS II. Specifically, the RDW was significantly higher in the non-survival group compared to the survival group (17.2 vs. 15.4%, P < 0.001). Furthermore, the proportion of patients receiving vasopressin in the non-survival group was significantly greater than that in the survival group (75.5 vs. 54%, P < 0.001).
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FIGURE 1
Flow chart of patient selection. ICU, intensive care unit; MIMIC-IV, Medical Information Mart in Intensive Care-IV; SALI, sepsis-associated liver injury; INR, international normalized ratio, RDW, red blood cell distribution width; MBP, mean blood pressure; WBC, white blood cell; ALT, alanine aminotransferase.



TABLE 1 Baseline characteristics of participants.
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3.2 Association between RDW and 30-day mortality

The overall prevalence of 30-day mortality among the cohort was found to be 35.5%. When RDW was considered as a continuous variable, the univariable Cox regression analysis revealed a significant association with 30-day mortality (crude HR 1.17; 95% CI, 1.13 to 1.23; P < 0.001). Following multivariable adjustment for factors including age, race, heart rate, MBP, creatinine, BUN, ALT, Charlson comorbidity index, SOFA, SAPS II, malignant cancer, and vasoactive agent, this association remained significant (adjusted HR 1.14; 95% CI, 1.09 to 1.19; P < 0.001) (Table 2). To further investigate this relationship, we utilized a restricted cubic spline analysis. The result indicated that, after accounting for the previously mentioned covariates, the relationship between RDW and 30-day mortality was linear (P for non-linearity = 0.340) (Supplementary Figure 1).


TABLE 2 Relationship between red blood cell distribution width and 30-day morality in different models.
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When RDW was treated as a categorical variable with a cutoff of 15.5%, the hRDW group exhibited a heightened risk of 30-day mortality compared with the nRDW group (adjusted HR 1.62; 95% CI, 1.17 to 2.23; P = 0.004) (Table 2). Kaplan–Meier survival curve estimates further indicated a significantly elevated risk of 30-day mortality in patients with high RDW (log-rank: P < 0.001; Figure 2). The association persisted when RDW was categorized into quartiles. Compared to individuals in Q1, those in Q4 faced a 2.71-fold increased risk of 30-day mortality (adjusted HR, 3.71; 95% CI, 2.19 to 6.28; P < 0.001; Table 2, Model 3).
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FIGURE 2
Kaplan–Meier curve for 30-day mortality according to red blood cell distribution width (RDW). nRDW, the normal RDW group (RDW ≤ 15.5%); hRDW, the high RDW group (RDW > 15.5%).




3.3 Subgroup analyses

Subgroup analyses were conducted to assess the influence of age, sex, race, congestive heart failure, diabetes, chronic pulmonary disease, renal disease, and malignant cancer on the relationship between RDW and 30-day mortality. No statistically significant interactions were identified within any subgroup (p > 0.05, Figure 3). These results indicate that the effect of RDW on 30-day mortality remains consistent across different age, race, sex, and comorbidity groups.
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FIGURE 3
Subgroup analyses for the association of red blood cell distribution width with 30-day mortality in patients with sepsis-associated liver injury. Multivariate Cox proportional hazards models were adjusted for age, race, heart rate, mean blood pressure, creatinine, blood urea nitrogen, alanine aminotransferase, Charlson comorbidity index, sequential organ failure assessment score, simplified acute physiology score II, malignant cancer, vasoactive agent (day 1).




3.4 ROC curve analysis

ROC analysis revealed that RDW possesses moderate clinical predictive value for 30-day mortality in patients with SALI, achieving an AUC of 0.70 (95% CI, 0.66 to 0.75). We subsequently compared the discriminatory ability for 30-day in-hospital mortality among RDW, SAPS II, and SOFA using ROC curves (Figure 4). RDW exhibited stronger predictive discrimination for 30-day mortality in SALI patients compared to SOFA (AUC, 0.57; 95% CI, 0.52 to 0.62; P < 0.001), but was less effective than SAPS II (AUC, 0.80; 95% CI, 0.76 to 0.84; P = 0.002) (Supplementary Figures 2–4 and Supplementary Table 5).
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FIGURE 4
The area under the receiver operating characteristic curve (AUC-ROC) for the models including RDW, SAPS II, and SOFA score. RDW, red blood cell distribution width SOFA, Sequential Organ Failure Assessment; SAPS II, simplified acute physiology score.




3.5 Secondary outcomes

Increased RDW levels were associated with a higher risk of in-hospital mortality (adjusted HR, 1.13; 95% CI, 1.07 to 1.18; P < 0.001). Similar patterns were observed for 90-day mortality. Each 1% rise in RDW was linked to a reduction of 0.81 days in ICU-free days (95% CI, −1.12 to −0.51), 0.96 days in ventilator-free days (95% CI, −1.30 to −0.62), and 0.98 days in vasopressor-free days (95% CI, −1.32 to −0.65) over a 28-day period (Table 3).


TABLE 3 Secondary outcome analysis.
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3.6 Sensitivity analysis

We converted non-normally distributed continuous variables, including BUN, creatinine, ALT, SOFA score, and Charlson comorbidity index, into categorical variables for sensitivity analysis. BUN, creatinine, and ALT were classified according to clinically relevant cut-offs. Normal values range from 6 to 20 mg/dL for BUN and 0.5 to 1.2 mg/dL for creatinine, and 0–40 IU/L for ALT. The SOFA score and Charlson comorbidity index were classified according to the median, which were 4 and 6, respectively. The multivariable Cox regression analysis showed that higher RDW was significantly associated with an increased risk of 30-day mortality (Supplementary Table 6).

In addition, we performed a multivariate COX regression analysis after excluding patients with liver malignancies, anemia, and myelodysplastic syndromes, and the results remained robust (Supplementary Tables 7, 8).




4 Discussion

In this retrospective cohort study that employed extensive public datasets, we discovered a notable correlation between RDW and 30-day mortality among patients with SALI. The multivariate Cox regression analysis, after controlling for potential confounders, consistently demonstrated an elevated risk of 30-day mortality among SALI patients with higher RDW levels. This association was consistently evident across various subgroup analyses. Additionally, the Kaplan–Meier survival curve analysis showed a greater 30-day mortality rate in the hRDW group. ROC analysis further indicated that RDW possesses moderate clinical predictive value for 30-day mortality in SALI patients. Our findings provide substantial evidence supporting the potential role of RDW as a prognostic biomarker for mortality prediction in this population.

A growing body of evidence has established a link between RDW and negative outcomes across various diseases. Numerous studies have identified RDW as an independent prognostic factor for sepsis (22, 23). Melchio et al. (14) found that RDW was a powerful marker of worse long-term outcomes in patients with acute heart failure, and its prognostic value is maintained beyond that provided by other well-established risk factors or biomarkers. O’Connell et al. (15) demonstrated that patients with RDW levels exceeding the normal upper limit faced a greater risk of inpatient mortality and an increased likelihood of requiring critical care support. In both retrospective and prospective analyses involving 258 patients with ARDS, those with RDW ≥ 14.45% exhibited significantly higher rates of acute kidney injury and 28-day mortality compared to those with RDW < 14.45% (16). Additionally, a separate study focused on identifying biomarkers for predicting in-hospital mortality in SALI patients, which involved 770 individuals, and identified a significant association between RDW and mortality (7). Our findings are consistent with these results, indicating that RDW is associated with 30-day mortality in patients with SALI and may function as a valuable prognostic marker.

Nevertheless, some researchers have raised doubts regarding the prognostic significance of RDW. Fontana et al. (24) carried out a study with 122 patients suffering from sepsis and reported no relationship between RDW and microcirculatory alterations, disease severity, the presence of shock, or survival outcomes. Another study observed that while RDW was linked to 30-day mortality in patients with severe sepsis, it did not serve as an independent predictor of mortality (25). These inconsistencies may stem from variations in study populations, the timing of measurements, and the criteria used to define abnormal RDW levels.

Various scoring systems, such as SOFA and SAPS II, are commonly used to predict outcomes in critically ill patients (26), but their effectiveness is often questioned. These scores involve multiple indicators, making them cumbersome, especially in resource-limited settings. In comparison, RDW is straightforward to acquire, quickly measurable, and offers relatively high accuracy, making it a convenient index for prognostic prediction. Our ROC analysis indicates that RDW provides a moderate prediction of 30-day mortality in SALI patients, demonstrating better predictive capability than the SOFA score while being less effective than the SAPS II score. Therefore, RDW may have a certain complement to existing biomarkers in predicting mortality. Further prospective studies are needed in the future to verify its role in clinical practice.

The exact mechanisms linking increased RDW to mortality in SALI patients remain unclear. Research has demonstrated a notable association between RDW and inflammatory markers (12). Proinflammatory cytokines may damage red blood cell membranes and inhibit maturation, resulting in the entry of larger, immature erythrocytes into circulation and subsequently raising RDW. Additionally, heightened oxidative stress could reduce erythrocyte lifespan, prompting the release of larger immature cells from the bone marrow (27). However, since this study is a retrospective observational analysis, it cannot elucidate the underlying mechanisms. More research is needed to investigate these processes and better understand the role of RDW in liver injury among septic patients.

This study presents several strengths. Firstly, it benefits from a relatively large sample size, with data sourced from the MIMIC-IV database, a comprehensive and high-quality real-world resource. Secondly, the robustness of the findings is supported by subgroup analyses. However, there are limitations to consider. Primarily, as a retrospective study, it is prone to selection bias. Secondly, due to the limitations of public databases, we were unable to exclude all patients with diseases that could affect our results, such as secondary sclerosing cholangitis in critically ill patients (SSC-CIP). However, we have tried to exclude patients with liver diseases such as chronic liver disease/cirrhosis as much as possible to ensure the accuracy and specificity of our findings. In addition, we further excluded people with liver malignancies, anemia, and myelodysplastic syndromes and conducted a sensitivity analysis to verify the reliability of our results. Thirdly, due to the nature of our retrospective study design and the limitations inherent in the dataset we utilized, we were unable to access detailed information regarding the specific methods used for laboratory tests. Additionally, we only included RDW data for patients upon ICU admission, preventing us from evaluating how changes in RDW post-admission might influence mortality, potentially affecting result accuracy. Furthermore, despite efforts to account for confounding variables, the retrospective design leaves open the possibility of unidentified confounders impacting our findings. Lastly, the study’s design does not permit conclusions about causality between RDW and mortality.



5 Conclusion

Elevated RDW levels are significantly associated with increased 30-day mortality in patients with SALI, indicating that RDW may serve as a reliable and effective prognostic indicator for sepsis. Nonetheless, further large-scale prospective multicenter studies are required to confirm these findings.
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Patient characteristic

Total (n = 529)

Survival (n = 341)

Non-survival (n = 188)

Sex, n (%) 0.479
Female 202 (38.2) 134 (39.3) 68 (36.2)

Male 327 (61.8) 207 (60.7) 120 (63.8)

Age (years), Mean % SD 68.7 £ 16.7 67.6 £ 17.5 70.8 £ 14.9 0.031
Race, n (%) 0.090
‘White 343 (64.8) 230 (67.4) 113 (60.1)

Other 186 (35.2) 111 (32.6) 75 (39.9)

Vital signs

Heart rate (bpm), mean + SD 93.9 +18.2 91.3+17.0 98.4+ 194 < 0.001
MBP (mmHg), mean + SD 74.6 £9.1 759+ 8.7 724+£93 < 0.001
Comorbidity disease, n (%)

Congestive heart failure 216 (40.8) 132 (38.7) 84 (44.7) 0.181
Chronic pulmonary disease 114 (21.6) 75 (22) 39 (20.7) 0.738
Diabetes 152 (28.7) 100 (29.3) 52(27.7) 0.685
Renal disease 120 (22.7) 71 (20.8) 49 (26.1) 0.168
Malignant cancer 115 (21.7) 54 (15.8) 61 (32.4) < 0.001
Score system

Charlson comorbidity index, median (IQR) 6.0 (4.0, 8.0) 5.0 (4.0,7.0) 7.0 (5.0,9.0) < 0.001
SOFA score, median (IQR) 4.0 (3.0, 6.0) 4.0 (3.0, 6.0) 5.0 (4.0,7.0) 0.011
SAPSII, mean £ SD 50.5 +17.6 442+ 15.0 619+ 16.3 < 0.001
Laboratory parameters

Hemoglobin (g/dL), mean £ SD 10.6 £2.5 10.7 £ 2.5 10.3+2.7 0.064
Platelets (K/uL), median (IQR) 145.0 (89.0, 204.0) 144.0 (96.0, 200.0) 146.5 (72.8, 209.0) 0.485
WBC (K/uL), median (IQR) 13.4 (7.9, 20.0) 13.4 (8.4,20.1) 13.3(7.2,19.9) 0.299
Hematocrit (%), mean = SD 323477 32.5+:7.5 31.8+82 0.325
Creatinine (mg/dL), median (IQR) 1.4 (0.9,2.2) 1.2 (0.9, 1.7) 1.8 (1.2,2.8) < 0.001
BUN (mg/dL), median (IQR) 27.0 (17.0, 46.0) 23.0 (15.0, 34.0) 40.5 (22.8,61.2) < 0.001
Glucose (mg/dL), median (IQR) 128.0 (101.0, 162.0) 127.0 (103.0, 158.0) 130.0 (96.0, 174.0) 0.856
ALT (IU/L), median (IQR) 93.0 (33.0, 244.0) 100.0 (35.0, 228.0) 84.5(31.0,324.2) 0.761
RDW (%), mean + SD 16.0 £2.7 154423 1724+ 3.0 < 0.001
RDW < 0.001
<155 285 (53.9) 218 (63.9) 67 (35.6)

> 155 244 (46.1) 123 (36.1) 121 (64.4)

Interventions, n (%)

Antibiotic (day 1), n (%) 496 (93.8) 320 (93.8) 176 (93.6) 0.919
Vasoactive agent (day 1), n (%) 326 (61.6) 184 (54) 142 (75.5) < 0.001

bpm, beats per minute; MBP, mean blood pressure; SD, standard deviation; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment; SAPS II, simplified acute physiology score;

BUN, blood urea nitrogen; WBC, white blood cell; ALT, alanine aminotransferase; RDW, red blood cell distribution width.
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RDW 529 188 (35.5) 1.17 (1.13~1.23) < 0.001 1.18 (1.13~1.23) < 0.001 1.14 (1.09~1.19) < 0.001
RDW-group
<155 285 67(23.5) 1 (Ref) 1 (Ref) 1 (Ref)
> 155 244 121 (49.6) 2.41 (1.79~3.25) < 0.001 2.35 (1.75~3.18) < 0.001 1.62 (1.17~2.23) 0.004
RDW, quartiles
Q1 128 19 (14.8) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 126 34(27.0) 1.95 (1.11~3.42) 0.02 1.88 (1.07~3.3) 0.028 1.54 (0.87~2.71) 0.137
Q3 140 55(39.3) 2.98 (1.77~5.03) < 0.001 2.83 (1.68~4.78) < 0.001 1.70 (0.99~2.92) 0.054
Q4 135 80 (59.3) 522 (3.16~8.61) < 0.001 5.06 (3.07~8.36) < 0.001 3.71 (2.19~6.28) < 0.001
Trend test < 0.001 < 0.001 < 0.001

Model 1: unadjusted. Model 2: adjust for age, race. Model 3: adjust for model 2+heart rate, MBP, creatinine, BUN, ALT, Charlson comorbidity index, SOFA, SAPS II, malignant cancer,
vasoactive agent (day 1). HR, hazard ratio; CI, confidence interval; RDW, red blood cell distribution width; MBP, mean blood pressure; SOFA, Sequential Organ Failure Assessment; SAPS II,
simplified acute physiology score; BUN, blood urea nitrogen; ALT, alanine aminotransferase.
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Secondary outcomes N. total Crude model Adjusted model

HR/B (95% CI) p-value HR/B (95% Cl) p-value

In-hospital mortality 529 166 (31.4) 1.15 (1.10~1.21) < 0.001 1.13(1.07~1.18) < 0.001
90-day mortality 529 224 (42.3) 1.18 (1.13~1.22) < 0.001 1.14 (1.09~1.19) < 0.001
ICU-free days until 28 days 529 —1.26 (—1.61~—0.91) < 0.001 —0.81 (—1.12~—0.51) < 0.001
Vasopressor-free days until 28 days 529 —1.49 (—1.87~—1.11) < 0.001 —0.98 (—1.32~—0.65) < 0.001
Ventilator-free days until 28 days 529 —1.47 (—1.86~—1.09) < 0.001 —0.96 (—1.30~—0.62) < 0.001

Crude model: unadjusted. Adjusted model: adjusted for age, race, heart rate, MBP, creatinine, BUN, ALT, Charlson comorbidity index, SOFA, SAPS II, malignant cancer, vasoactive agent (day 1).
HR, hazard ratio; CI, confidence interval; ICU, intensive care unit; MBP, mean blood pressure; SOFA, Sequential Organ Failure Assessment; SAPS I, simplified acute physiology score; BUN,
blood urea nitrogen; ALT, alanine aminotransferase.
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