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Objective: To explore the relationship between red blood cell distribution width to albumin (RDW/ALB) ratio (RAR) and the risk of 
rehospitalization and rehospitalization all-cause mortality in middle-aged and elderly survivors with sepsis based on an ambispective 
longitudinal cohort from the Intensive Care Unit (ICU).
Methods: Between 2017 and 2022, 455 adults who survived the first-episode severe sepsis without recurrence for at least 3 months were 
included in this study. All participants were followed up every 4 weeks for 12 months. According to the tertiles of RAR, participants were 
divided into three groups: low-level (≤0.36, n = 152), moderate-level (0.37–0.44, n = 152), and high-level (≥0.45, n = 151). The 
relationship between RAR and the risk of rehospitalization and rehospitalization all-cause mortality was evaluated.
Results: Out of 455 participants, 156 experienced rehospitalization (34.3%), of which 44 (28.2%) died. Receiver operating characteristic 
(ROC) analysis showed that the RAR cut-off values for rehospitalization and rehospitalization all-cause mortality were 0.4251 and 0.4743, 
respectively. Multivariate Cox regression analysis indicated that the RAR was positively associated with rehospitalization (P = 0.011) and all- 
cause mortality (P = 0.006). Compared with the low-level, the high-level RAR presented a higher dose-dependent rehospitalization risk (P = 
0.02) and rehospitalization all-cause mortality (P = 0.044). The stratified analysis displayed that compared to the low-level, with the RAR 
increasing by 1.0, the risk for rehospitalization increased 3.602-fold in aged <65 patients (P = 0.002) and 1.721-fold in female patients (P = 
0.014). Kaplan–Meier survival analysis implied a significant positive association between the RAR and the cumulative incidence of 
rehospitalization and rehospitalization all-cause mortality (log-rank, all P < 0.001).
Conclusion: RAR has a reliable predictive value for the risk of rehospitalization and rehospitalization all-cause mortality in patients with 
sepsis. Consequently, monitoring RAR for at least 1 year after surviving sepsis in female patients aged <65 in clinical practice is critical.
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Introduction
Sepsis is defined as a life-threatening multiple organ failure (MOF) and a fatal systemic inflammatory response syndrome 
(SIRS) that are caused by a dysregulated host response to infection.1 According to a recent Global Burden of Diseases report, 
of 48.9 million sepsis cases reported worldwide, 11 million died, accounting for 19.7% of all global deaths in 2017.2 The 
prevalence is still growing at a rate of 1.5% to 8.0% every year,3 of which approximately one-fifth of global deaths in that year 
were related to sepsis.4 In China, the prevalence and mortality of sepsis are roughly estimated to be 33.6% and 29.0%, 
respectively.5 From a global perspective, despite exciting advances to date in therapeutic strategies promptly controlling the 
spread of infection and restoring hemodynamic homeostasis, the mortality rate of sepsis has still surpassed that of acute 
myocardial infarction (AMI), becoming the leading cause of death in intensive care units (ICU).6 Although the true prevalence 
and mortality are unknown, without a doubt, sepsis has emerged as the primary cause of infection-related mortality as well as 
the most severe threat to public health, which puts a heavy financial, mental, and psychological burden on sufferers.7,8 Hence, 
the topic discussed in the current study is crucial for providing proper guidance information to routine clinical practice.

Septic shock, the deadliest complication of sepsis, is the leading cause of death in sepsis.6 The mechanism involves 
a series of rapid occurrences and continuous cascade amplification of intracellular molecular pathological events 
triggered by the activation of pro-inflammatory and anti-inflammatory mediators induced by pathogen invasion, leading 
to irreversible disruption of immune, neuroendocrine, and hemodynamic homeostasis.6,9 Sepsis significantly alters innate 
and adaptive immune responses after clinical rehabilitation, manifested as immune suppression, chronic inflammation, 
the persistent presence of bacteria, and even the recurrence of sepsis.10 Immune homeostasis disruption, characterized by 
immune suppression, is closely associated with sepsis mortality and multiple organ dysfunction.11,12 The primary 
pathophysiological mechanism for the recurrence of sepsis involves the restoration of immune homeostasis, which 
requires longer to eliminate immune suppression and re-establish metabolic adaptations in the host.13 An 8-year matched 
cohort study conducted by Hsiu-Nien Shen et al showed that the risk ratio of sepsis recurrence was as high as 8.89 (95% 
CI, 8.04–9.83) in 10,818 Taiwanese adult patients who survived at least 3 months after the first-episode sepsis.14

As essential innate immune modulators, erythrocytes bind to a broad scope of chemokines via the Duffy antigen receptor 
(DAR), which plays a weighty role in the functional regulation for immune suppression in sepsis.15,16 Erythrocyte deform-
ability, in particular, is a crucial component in regulating immune suppression.17 Red cell distribution width (RDW), 
a measurement of heterogeneity in the size of circulating erythrocytes as part of the automated whole blood count, was 
found to have a negative connection with erythrocyte deformability.17 Increased RDW (decreased erythrocyte deformability) 
can impair the ability to pass rapidly through microcirculation channels in erythrocytes, which contributes to microcirculatory 
rheology disorders, cellular hypoxia, and excessive immune suppression in sepsis.17–19 RDW has been fully confirmed in 
association with the clinical prognosis outcomes of sepsis20,21 and cardiovascular and cerebrovascular diseases.22–24 Albumin 
(ALB), an essential component of human plasma, is necessary for maintaining osmotic pressure, inflammatory response, and 
antioxidant activity. RAR is a novel, superficial, and convenient biomarker for inflammation, which has predictive value for 
the prognosis in patients with acute illnesses such as severe pneumonia,25 diabetic foot,26 and acute renal injury in sepsis.27

However, previous studies have mainly focused on the prognosis of sepsis patients with short-term or long-term mortality, 
and few studies have explored the risk of suffering from sepsis again in survivors of the first-episode sepsis. Research on the 
relationship between RAR and the risk of rehospitalization and rehospitalization all-cause mortality in surviving individuals with 
sepsis remains sparse. The current analysis aims to explore the association between the RAR and the risk of rehospitalization and 
rehospitalization mortality in adult survivors with sepsis based on an ambispective cohort study from ICU for the first time.

Materials and Methods
Subjects Enrollment
Between January 2017 and December 2022, a total of 455 adult patients who survived the first-episode sepsis without recurrence 
for at least 3 months were eligible for inclusion in this study. This is an ambispective longitudinal clinical cohort from the 
Intensive Care Unit (ICU) of the Third People’s Hospital of Nanning. All participants were continuously followed up every 4 
weeks for 12 months. The end-point events were rehospitalization and all-cause mortality during the readmission period. All 
rehospitalization patients were diagnosed with sepsis. According to the tertiles of RAR, participants were placed into three 
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groups: low-level (≤0.36, n = 152), moderate-level (0.37–0.44, n = 152), and high-level (≥0.45, n = 151). The inclusion criteria 
were as follows: (1) sepsis was diagnosed according to The Third International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3);1 (2) adult individuals who survived the first-episode sepsis without recurrence for at least 3 months. The 
exclusion criteria were as follows: (1) aged <18; (2) pregnant women; (3) blood transfusion and albumin replacement 
therapeutics history within six months before participating in this study; (4) acute phase of cardiovascular and cerebrovascular 
diseases, chronic heart failure, liver and kidney dysfunction, uremia hemodialysis, thyroid dysfunction, rheumatoid arthritis, 
malignant tumors, and other conditions that may affect RWD and ALB levels; (5) lost to follow-up, missing hospitalization data, 
and a follow-up time of less than a year. All patients agreed to participate in this study and signed written informed consent. The 
principles of the Declaration of Helsinki were followed. The ethics committees of the Guangxi People’s Hospital and the Third 
People’s Hospital of Nanning gave their approval for the trial’s conduct.

Data Collection
Demographic, anthropometric, laboratory biochemical indicators, and medical order data from hospitalization medical records 
were collected and anonymously analyzed. Only data, as baseline clinical characteristics, from the initial hospitalization were 
included for individuals in the analysis. The end-point events were the risk of rehospitalization and rehospitalization all-cause 
mortality. Information about end-point events was acquired through a review of hospitalization records and family fixed-line 
telephone interviews. All participants were continuously followed up every 4 weeks for 12 months.

Related Definitions
The relevant definitions in this study were as follows: (1) the end-point events referred to rehospitalization due to 
inflammatory fever, chills, and body aches, and all-cause mortality during the readmission period acquired through 
a review of hospitalization records, and family fixed-line telephone interviews; (2) RAR = red blood cell distribution 
width (%) ÷ albumin (g/L) was classified by low-level (≤0.36, n = 152), moderate-level (0.37–0.44, n = 152), and high- 
level (≥0.45, n = 151); (3) aged ≥18 defined as an adult; aged ≥65 defined as an elderly individual.

Statistical Analyses
The mean (±SD) was used to express variables with normal distributions, and the median (interquartile ranges) was used 
to express variables with non-normal distributions. Discontinuous variables were represented as frequencies. Normal 
distribution was tested using the Shapiro Wilk method. The normal distribution continuous variable group comparison 
was tested using analysis of variance. In contrast, a non-normal distribution was tested using Kruskal Wallis 
H. Categorical variables were compared between groups using the Chi-squared test. The univariate Cox regression 
analysis was initially used to identify the risk factors for the end-point events. Then, the factors with P < 0.1 in the 
univariate analysis were enrolled into the multivariate Cox regression analysis. We used tolerance and variance inflation 
factors to detect multicollinearity between variables. If the tolerance is less than 0.1 or the variance inflation factor is 
greater than 10, it indicates the existence of collinearity. This study’s tolerance was greater than 0.1, and the variance 
inflation factor was less than 10. So, there was no multicollinearity between variables. Three multivariate regression 
models were built and used to gradually adjust for potential confounding factors for the end-point events. Model I was 
adjusted for none. Model II was additionally adjusted for age and gender with Model I. Model III was further adjusted for 
diabetes mellitus, cardiovascular and cerebrovascular diseases, source of infection focus, duration of hospitalization, 
white blood cell count (WBC), total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), aspartate aminotransferase (AST), creatinine (Cr), and uric acid (UA) with Model II. Kaplan–Meier 
survival curve analysis and log rank test were used to evaluate the risk of rehospitalization and all-cause mortality during 
the readmission period in adults with sepsis who survived the first-episode severe sepsis. Sample size and power analysis 
were calculated using PASS 11.0 software (https://www.ncss.com/download/pass/updates/pass11/) to ensure that the 
number of cases met a high testing power of over 90%. Forest plots in subgroup analyses were performed with the 
R language software package version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria). Data analyses 
were performed using GraphPad Prism 9.3 (GraphPad Software, San Diego, CA) and the SPSS 26.0 statistical software 
package (IBM Corp., Armonk, NY, USA). Statistical significance was set at P < 0.05.

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S451769                                                                                                                                                                                                                       

DovePress                                                                                                                       
1229

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)

https://www.ncss.com/download/pass/updates/pass11/
https://www.dovepress.com
https://www.dovepress.com


Results
Baseline Characteristics
The screening strategy for participants is shown in Figure 1. Finally, a total of 455 adult patients who survived the first- 
episode sepsis without recurrence for at least 3 months were enrolled in this study. The average age was 67, with 240 
males (52.7%). The baseline characteristics are shown in Table 1. Of which, 152 individuals (33.41%) had a low-level 
RAR (≤0.36), 152 (33.41%) had a moderate-level RAR (0.37–0.44), and 151 (33.18%) had a high-level RAR (≥0.45). 
Among the three groups, age, history of diabetes, history of cardiovascular and cerebrovascular diseases, source of 
infection, rehospitalization, rehospitalization mortality, duration of first hospitalization, WBC, neutrophil percentage, TC, 
TG, HDL, LDL, ALB, AST, Cr, RDW, RAR were statistically significant (all P < 0.05). At the same time, gender, there 
were no statistically significant differences (P > 0.05) in hypertension, PLT, ALT, and UA. Additionally, infection is the 
leading cause of sepsis, while pneumonia is the main cause of infection in older age patients. Thus, the older age of the 
participants (age range from 50 to 80 years) in this study may also be one of the essential reasons why the respiratory 
system is the largest infection source in sepsis.

Data were sourced from the Intensive Care Unit of the Third People's Hospital of Nanning between
January 2017 and December 2022 (n=604)

588 patients were included in the study

Exclusions (n=16) 
Infection recurrence within three months (n=7), 
aged < 18 (n=6), pregnant women (n=3)

Exclusions (n=59) 
Blood transfusion and albumin replacement therapeutics history 
within six months before joining this study (n=59)

529 patients were included in the study

Exclusions (n=74) 
Acute phase of cardiovascular and cerebrovascular diseases
(n=6), chronic heart failure (n=7), liver and kidney dysfunction
(n=18), uremia hemodialysis (n=4), thyroid dysfunction (n=8),
rheumatoid arthritis (n=5), malignant tumors (n=3), lost to 
follow-up (n=12), missing hospitalization data (n=5), and a 
follow-up time of less than a year (n=6)

455 subjects were recruited for analysis in the study

Moderate-level group
(0.37-0.44, n=152)

Low-level group
(≤ 0.36, n=152)

High-level group
(≥ 0.45, n=151)

According to the tertiles of 
RDW/ALB ratio (RAR)

Figure 1 Flow chart for selecting the subjects. Data were sourced from the ICU of the Third People’s Hospital of Nanning between January 2017 and December 2022 
(n=604). Finally, a total of 455 adult patients who survived the first-episode sepsis without recurrence for at least 3 months were eligible for inclusion in this study. According 
to the tertiles of RAR, participants were placed into three groups: low-level (≤ 0.36, n=152), moderate-level (0.37–0.44, n=152), and high-level (≥0.45, n=151).
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ROC Analysis for the RAR Optimal Cut-off Value Predicting the End-Point Events
To provide proper guidance information for routine clinical practice, ROC analyses were conducted to evaluate the 
predictive value of RAR for rehospitalization and rehospitalization mortality end-point events in sepsis. As shown in 
Figure 2, the RAR presents a predictive value for rehospitalization, with ROC curve areas of 0.673, an optimal cut-off 
value of 0.4251, a sensitivity of 58.3%, and a specificity of 71.2%, respectively. Similarly, Figure 3 indicates that the 
RAR is a valuable indicator in rehospitalization mortality, with ROC curve areas of 0.790, an ideal cut-off value of 
0.4743, a sensitivity of 70.5%, and a specificity of 80.3%, respectively. The above results showed that the RAR was 
a valuable predictive biomarker for the risk of rehospitalization and rehospitalization mortality in patients with sepsis.

Table 1 Baseline Clinical Characteristics of Subjects

Clinical Parameters Low-Level RAR 
(n=152, ≤ 0.36)

Moderate-Level RAR 
(n=152, 0.37–0.44)

High-Level RAR 
(n=151, ≥ 0.45)

P-value

Gender, n (%) 0.346

Male 73 (48.0) 85 (55.9) 82 (54.3)

Female 79 (52.0) 67 (44.1) 69 (45.7)
Age, years 62 (50,71) 67 (59.25,76) 72 (62,80) <0.001*

Hypertension, n (%) 0.821

No 120 (78.9) 120 (78.9) 123 (81.5)
Yes 32 (21.1) 32 (21.1) 28 (18.5)

Diabetes mellitus, n (%) 0.002*
No 119 (78.3) 92 (60.5) 97 (64.2)

Yes 33 (21.7) 60 (39.5) 54 (35.8)

Cardiovascular and cerebrovascular diseases, n (%) 0.014*
No 109 (71.7) 86 (56.6) 89 (58.9)

Yes 43 (28.3) 66 (43.4) 62 (41.1)

Source of infection focus, n (%) <0.001*
Other 29 (19.1) 53 (34.9) 66 (43.7)

Respiratory system 123 (80.9) 99 (65.1) 85 (56.3)

Rehospitalization, n (%) <0.001*
No 123 (80.9) 102 (67.1) 74 (49.0)

Yes 29 (19.1) 50 (32.9) 77 (51.0)

Rehospitalization mortality, n (%) <0.001*
No 149 (98.0) 143 (94.1) 119 (78.8)

Yes 3 (2.0) 9 (5.9) 32 (21.2)

Duration of first hospitalization, days 8 (6,11) 8 (6,12) 10 (8,14) <0.001*
WBC, ×10^9/L 9.05 (6.89,12.19) 10.40 (7.37,14.44) 11.27 (7.56,15.8) 0.005*

Neutrophil percentage, % 77.5 (67.25,85.65) 85.35 (76.03,89.88) 87.4 (76.3,92) <0.001*

PLT, ×10^9/L 209 (162,258) 201.5 (151.75,260.75) 208 (144,270) 0.648
TC, mmol/L 4.07 (3.19,5) 3.63 (2.98,4.40) 3.3 (2.55,4.08) <0.001*

TG, mmol/L 1.05 (0.73,1.46) 1.18 (0.87,1.81) 1.2 (0.95,1.89) <0.001*

HDL, mmol/L 1.16 (0.96,1.44) 0.98 (0.75,1.17) 0.79 (0.54,1.02) <0.001*
LDL, mmol/L 2.43 (1.82,3.16) 2.11 (1.52,2.77) 1.95 (1.45,2.46) <0.001*

ALB, g/L 38.7 (36.8,41.6) 34.25 (32.2,36.58) 28.7 (25.6,31) <0.001*

ALT, U/L 20.5 (13,31.75) 24 (14,44.5) 22 (14,45) 0.106
AST, U/L 24 (18.25,33) 29 (19,50.75) 31 (19,67) 0.005*

Cr, μmol/L 76 (62.25,89) 93 (70.25,121) 96 (69,155) <0.001*

UA, μmol/L 314 (247,388.75) 333.5 (255.7,430) 341 (244,486) 0.136
RDW, % 12.6 (12.2,13.1) 13.5 (12.9,14.28) 14.9 (13.9,16.5) <0.001*

RDW/ALB, %/(g/L) 0.33 (0.31,0.34) 0.39 (0.38,0.42) 0.52 (0.47,0.59) <0.001*

Notes: Median of continuous variables (interquartile ranges). The percentage of categorical variables (%). * P < 0.05. 
Abbreviations: WBC, white blood cell count; PLT, platelet; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; UA, uric acid; RDW, red blood cell distribution width; RDW/ALB, red 
blood cell distribution width to albumin ratio.
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Cox Proportional Hazard Models for End-Point Events Risk
The risk of rehospitalization and rehospitalization mortality end-point events in subjects are displayed in Table 2. A univariate 
Cox regression analysis was conducted to identify the factors for the end-point events (see Supplementary Material 1). Next, 
variables with P < 0.1 in univariate Cox regression analysis were included in multivariate Cox regression. In model 
I (unadjusted), RAR was positively and independently correlated with the rehospitalization end-point event (HR = 1.836, 
95% CI = 1.497–2.253, P for trend <0.001). Model II (Model I with adjusted for age and gender) (HR = 1.619, 95% CI = 
1.306–2.006, P for trend <0.001) and model III (Model II with adjusted for diabetes mellitus, cardiovascular and cerebro-
vascular diseases, source of infection focus, duration of hospitalization, WBC, TC, TG, HDL, LDL, AST, Cr, and UA) (HR = 
1.372, 95% CI = 1.076–1.749, P for trend = 0.011) also demonstrated a positive correlation between the RAR and 
rehospitalization risk, respectively. Similarly, the risk for all-cause mortality during the readmission period was positively 
associated with the RAR as well in model I (HR = 3.572, 95% CI = 2.165–5.893, P for trend <0.001), model II (HR = 2.83, 
95% CI = 1.69–4.737, P for trend <0.001), and model III (HR = 2.246, 95% CI = 1.267–3.982, P for trend = 0.006), 
respectively. Compared with the low-level group, the high-level RAR group presented a higher dose-dependent rehospitaliza-
tion incidence (HR = 1.816, 95% CI = 1.099–2.998, P = 0.02) and rehospitalization all-cause mortality (HR = 3.933, 95% CI = 
1.038–14.901, P = 0.044), respectively. Multivariate Cox regression analyses indicated that the higher RAR level, the higher 
the risk for rehospitalization and rehospitalization all-cause mortality. Additionally, in Table 2, compared with low-level RAR, 
the moderate-level RAR P > 0.05 in Model II and Model III indicated insufficient predictive ability of the moderate-level RAR 
for endpoint events. Furthermore, as the RAR level increases, regardless of Model I, Model II, and Model III, the trend P-value 
< 0.05 displayed that the higher the RAR level, the greater predictive ability for endpoint events. Therefore, RAR is a valuable 
predictor for rehospitalization and hospitalization all-cause mortality.

Figure 2 ROC analysis for the optimal cut-off value predicting the effect of RAR on rehospitalization. The RAR presents a predictive value for rehospitalization, with ROC 
curve areas of 0.673, an optimal cut-off value of 0.4251, a sensitivity of 58.3, and a specificity of 71.2, respectively.
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Stratified Analyses in Subgroups
The results of the stratified analyses for rehospitalization events are shown in the forest plots (Figure 4). The stratified 
analysis displayed that compared to the low-level group, with the RAR increasing by 1.0, the risk for rehospitalization 
events increased 3.602-fold in aged <65 patients (HR = 4.602, 95% CI = 1.744–12.147, P = 0.002) and 1.721-fold in 
female patients (HR = 2.721, 95% CI = 1.223–6.052, P = 0.014), respectively. Therefore, stratified analyses state clearly 
that elevated RAR is closely associated with the risk of rehospitalization in young and middle-aged women patients with 
sepsis. Additionally, the results of the stratified analyses for rehospitalization all-cause mortality are presented in 
Supplementary Material 2. During the 12 months follow-up time, only one person died in the low-level RAR group, 8 
in the moderate-level group, and 32 in the high-level group, which result in a significant difference among groups. 
Considering this, it is necessary extending the follow-up period such as from current one year to two years or even 
longer. Anyway, the trend of increasing rehospitalization all-cause mortality with increasing RAR levels is evident.

Kaplan–Meier Survival Analysis for the Cumulative Incidence of End-Point Events
The evaluation of the end-point events in the three groups is shown in Figure 5. Out of 455 participants, 156 patients 
experienced rehospitalization events (34.3%), of which 44 (28.2%) died over the readmission period. There was a dose– 
response relationship between the levels of RAR and the incidence rates of rehospitalization (19.1%, 32.9%, and 51.0% 
for low-level RAR, moderate-level RAR, and high-level RAR, respectively, all P for trend <0.01) and rehospitalization 
all-cause mortality (2.0%, 5.9%, and 21.2% for low-level RAR, moderate-level RAR, and high-level RAR, respectively, 
all P for trend <0.01). Kaplan–Meier survival curve analysis showed a significant positive association between the RAR 
levels and the incidence rates of rehospitalization (Figure 6) and rehospitalization all-cause mortality (Figure 7), 

Figure 3 ROC analysis for the optimal cut-off value predicting the effect of RAR on rehospitalization all-cause mortality. The RAR is a valuable indicator in rehospitalization 
mortality, with ROC curve areas of 0.790, an ideal cut-off value of 0.4743, a sensitivity of 70.5, and a specificity of 80.3, respectively.
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respectively (log-rank, all P < 0.001). Kaplan–Meier analysis suggested that rehospitalization and rehospitalization all- 
cause mortality end-point events were more likely to occur in sepsis patients with a high-level RAR.

Discussion
Given the abuse of antibiotics in clinical practice, refractory bacterial infections are common, whether in internal 
medicine or surgical wards, which is one of the causes of sepsis in clinical practice. Sepsis, characterized mainly by 
shock, is the most severe state of bacterial and viral infections. Quickly and accurately identifying sepsis and taking 
effective therapeutic strategies is a challenging long-term task for clinical physicians. Previous studies have mainly 
focused on the prognosis of sepsis patients with short-term or long-term mortality, and few studies have explored the risk 
for rehospitalization and all-cause mortality outcomes during the readmission period after the first clinical recovery from 

Table 2 Multivariate Cox Proportional Hazard Models for End-Point Events in Subjects

Hazard Ratio, 95% CI and P value

Model I Model II Model III

Rehospitalization
Low-level RDW/ALB (≤0.36) ref ref ref
Moderate-level RDW/ALB (0.37–0.44) 1.897 (1.2–2.997) 1.584 (0.996–2.52) 1.232 (0.747–2.032)

p values 0.006* 0.052 0.415

High-level RDW/ALB (≥0.45) 3.403 (2.219–5.22) 2.604 (1.668–4.063) 1.816 (1.099–2.998)
p values < 0.001* < 0.001* 0.02*

RDW/ALB ratio 1.836 (1.497–2.253) 1.619 (1.306–2.006) 1.372 (1.076–1.749)

p for trend < 0.001* < 0.001* 0.011*
Rehospitalization mortality

Low-level RDW/ALB (≤0.36) ref ref ref

Moderate-level RDW/ALB (0.37–0.44) 3.064 (0.829–11.317) 2.311 (0.623–8.577) 1.487 (0.361–6.125)
p values 0.093 0.21 0.582

High-level RDW/ALB (≥0.45) 11.705 (3.583–38.234) 7.139 (2.144–23.773) 3.933 (1.038–14.901)

p values < 0.001* 0.001* 0.044*
RDW/ALB ratio 3.572 (2.165–5.893) 2.83 (1.69–4.737) 2.246 (1.267–3.982)

p for trend < 0.001* < 0.001* 0.006*

Notes: Model I: adjust for none. Model II: adjust for gender, age. Model III: adjust for Model II, diabetes mellitus, cardiovascular and 
cerebrovascular diseases, source of infection focus, duration of hospitalization, WBC, TC, TG, HDL, LDL, AST, Cr, and UA. *P < 0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Hb, hemoglobin; TC, total cholesterol; TG, 
triglyceride; HDL, High-density lipoprotein; LDL, low-density lipoprotein; Cr, creatinine; UA, uric acid; ALB, serum albumin; RDW, red 
blood cell distribution width; RDW/ALB, red blood cell distribution width to albumin ratio.

Figure 4 Forest plots for stratification analyses in subgroups. The stratified analysis displayed that compared to the low-level group, with the RAR increasing by 1.0, the risk 
for rehospitalization events increased 3.602-fold in aged < 65 patients (HR=4.602, 95% CI = 1.744–12.147, P = 0.002) and 1.721-fold in female patients (HR = 2.721, 95% 
CI = 1.223–6.052, P = 0.014), respectively.
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sepsis. The present analysis aims to explore the relationship between RAR level and the risk for rehospitalization and 
rehospitalization all-cause mortality in middle-aged and elderly individuals with sepsis who survived the first-episode 
sepsis based on an ambispective longitudinal clinical cohort from ICU for the first time.

The current study showed that after adjusting covariate confounding factors for age, gender, diabetes mellitus, 
cardiovascular and cerebrovascular diseases, source of infection focus, duration of hospitalization, WBC, TC, TG, 
HDL, LDL, AST, Cr, and UA, RAR was positively and independently correlated with the risk for rehospitalization 
and rehospitalization all-cause mortality, respectively. Moreover, the correlation between the levels of RAR and endpoint 
events was presented as a dose-dependent feature. The stratified analysis displayed that compared to the low-level group, 
with the RAR increasing by 1.0, the risk for rehospitalization events increased 3.602-fold in aged <65 patients (HR = 
4.602, 95% CI = 1.744–12.147, P = 0.002) and 1.721-fold in female patients (HR = 2.721, 95% CI = 1.223–6.052, P = 
0.014), respectively. Kaplan–Meier survival analysis revealed that rehospitalization and all-cause mortality adverse 

Figure 5 The incidence rates comparison of rehospitalization and rehospitalization all-cause mortality in the three groups. The incidence rates of rehospitalization and 
rehospitalization all-cause mortality were respectively related to the levels of the RAR in a dose-response fashion (rehospitalization: 19.1%, 32.9%, and 51.0% for low-level 
RAR, moderate-level RAR, and high-level RAR, respectively, all P for trend < 0.01; rehospitalization all-cause mortality: 2.0%, 5.9%, and 21.2% for low-level RAR, moderate- 
level RAR, and high-level RAR, respectively, all P for trend < 0.01).

Figure 6 Cumulative incidence of rehospitalization by RAR levels. Kaplan–Meier survival curve analysis showed a significant positive association between the RAR levels and 
the incidence rates of rehospitalization (log-rank, all P < 0.001).
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events were more likely to occur in sepsis patients with a high-level RAR (log-rank, all P < 0.001). It should be noted 
that the age range of patients included in the final data analysis in this study was 50–80 years old. Compared to other 
populations, middle-aged and elderly patients may be more susceptible to infections, such as pneumonia, digestive 
system infection, and urinary system infection, which may be one of the leading causes of end-point events.

To date, the impact of gender and age on severe infections remains still highly controversial. Animal experimental 
data shows that female animals have a natural survival advantage,28,29 which contradicts human clinical data. A body of 
clinical evidence shows that the mortality in female patients with sepsis is higher than that in males.30–33 Interestingly, 
one of the reasons for the higher hospital mortality in single female patients with sepsis may be related to their marital 
status, which involves the ability to bear more considerable medical expenses.34 This is similar to the conclusion of the 
current study, which suggests that female sepsis patients have a more pronounced adverse clinical prognosis. Christophe 
Adrie et al reported the survival advantages in women over 50 years old with severe sepsis.35 This is partially similar to 
our finding that women aged <65 have a higher risk of poor prognosis.

Estrogenic hormones possess dual immunostimulatory and immunosuppressive characteristics, which may be 
related to the recurrence and progression of sepsis.36 As young and middle-aged female patients with sepsis who 
survive the first-episode severe sepsis enter the recovery phase, the estrogen immunosuppressive property is not 
conducive to the rapid correction from the immunosuppressive status, which may be the leading cause of sepsis 
recurrence. Additionally, in the rehospitalization stage, as the inflammation progresses rapidly, the estrogen 
immunostimulatory characteristic plays a crucial role in extensive immune damage (inflammatory storm), which 
may be one of the leading causes of increased hospitalization mortality in young and middle-aged female patients 
with sepsis.

Elevated RDW is associated with increased hematopoietic tissue activity.37 Sepsis can affect bone marrow function 
and iron metabolism and inhibit erythropoietin production and erythrocyte maturation related to an elevated proportion of 
immature red blood cells (elevated RDW) in blood, which leads to larger reticulocytes entering the circulation.38 In 
addition, cytokines can also affect red blood cell membrane glycoproteins and ion channels, leading to morphological 
changes in red blood cells.39 This series of physiological and pathological changes may lead to changes in red blood cell 

Figure 7 Cumulative incidence of rehospitalization all-cause mortality by RAR levels. Kaplan–Meier survival curve analysis indicated a significant positive association between 
the RAR levels and the incidence rates of rehospitalization all-cause mortality (log-rank, all P < 0.001).
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volume, increasing the RDW and damaging red blood cells’ deformability. Albumin, a sensitive and effective indicator of 
nutritional status, organ function, and physical activity in human plasma, can maintain normal osmotic pressure. The 
albumin level also affects the occurrence and prognosis of sepsis.40,41 RAR is a novel predictive indicator formulated by 
RDW/ALB in severe pneumonia (28-day mortality odds ratio: 1.338, 95% CI: 1.094–1.637, P = 0.005),25 diabetes foot 
ulcers (cut-off value of 0.3809),26 and tumor (overall mortality HR: 1.48, 95% CI: 1.06–2.07, P = 0.021),42 which can 
reflect not only the hematopoietic function but also the nutritional status of patients. In fact, these diseases are closely 
related to sepsis.43 Patients with bacterial infection often have hematopoietic dysfunction, especially in sepsis. 
Inflammatory cytokines can reduce iron utilization rate and promote red blood cell apoptosis, which leads to developing 
sepsis-related anemia and hypoproteinemia.44,45 Studies have shown that albumin has anti-inflammatory, nutritional, and 
hemorheological properties, which can inhibit platelet activation and aggregation.46 Sepsis patients with lower serum 
albumin levels are more prone to poor clinical prognosis.47 A prospective cohort study has shown that albumin levels are 
an essential predictor of 28-day mortality in sepsis, with a cut-off value of 29.2g/L, indicating good sensitivity and 
specificity.48 It may be related to the inflammatory response affecting vascular endothelial function, causing an increase 
in capillary permeability and albumin leakage to the outside of the blood vessels.49

Up to now, only one study on the relationship between RAR and sepsis prognosis mainly focuses on a short time 
(28-day) and a long time (90-day) mortality based on the Medical Information Mart for Intensive Care MIMIC-IV 
database in patients with first hospitalization.50 However, studies on the association between RAR and the risk of 
a second infection with sepsis and rehospitalization all-cause mortality in surviving adult individuals with sepsis 
remain absent. Recently, a large retrospective research conducted by the Ning Ding team based on the MIMIC-IV 
database in Beth Israel Deaconess Medical Center of Boston showed that RDW correlated with in-hospital mortality 
in septic shock. It might be a helpful predictor for septic shock patients’ clinical outcomes.51 Similarly, albumin 
level was associated with sepsis’s short- and long-term outcomes. Albumin supplementation might benefit septic 
patients with serum albumin <2.6 g/dL.52 Additionally, based on the same MIMIC-IV database, the Yang Xu team 
reported that in sepsis patients, the RAR was found to be independently correlated with the risk of acute kidney 
injury (AKI).27 Compared with the general population, patients with anemia and malnutrition are more prone to 
bacterial or viral infections due to weakened immune function and fragile immune homeostasis. They may even 
progress to sepsis, leading to severe adverse clinical outcomes such as recurrence of sepsis, second infection sepsis, 
and all-cause death. From this perspective, it is theoretically reasonable that RAR, characterized by two related 
nutritional status indicators, red blood cells, and albumin, has predictive value for sepsis. The results of the present 
study indicate that the higher the RAR level of sepsis patients, the significantly higher the likelihood of rehospi-
talization and rehospitalization all-cause mortality. Therefore, evaluating the nutritional status and hematopoietic 
function in patients with sepsis during hospitalization is crucial. Our study suggests that clinical physicians should 
pay more attention to the nutritional status and timely take necessary nutritional support strategies in patients with 
sepsis during the hospitalization period, in addition to active anti-infections.

Limitations
The main advantage of this study is the convenience and affordability of RAR indicators, which are suitable for different 
clinical stages and even grassroots hospitals in underdeveloped regions. However, there are still some limitations to 
consider. First, the nature of limitations in single-center retrospective studies determines the possibility of selection and 
sampling bias. Second, the sample size is limited, and the follow-up time may not be adequate. Third, this study solely 
evaluated baseline RAR values and ignored their variations over time. Fourth, the sensitivity and specificity of the cut-off 
values of RAR are not adequate. We think low sensitivity is caused by false-negative patients, which results from 
inadequate follow-up time. Future research needs to improve sensitivity by extending the follow-up period, such as from 
current one year to two years or even longer. However, the low specificity might be attributed to the false positive 
patients. Future research can improve the specificity by raising the enrollment time point in the inclusion criteria, for 
instance, elevating the time threshold from 3 to 6 months. Fifth, the age range of participants in this study is between 50 
and 80 years old, and the conclusion may not be applicable to other age groups. Therefore, the conclusion of this study 
still needs to be confirmed by randomized, double-blind, multicenter, prospective longitudinal cohort studies; as we did 
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before, the current ambispective longitudinal cohort study can continue to improve the conclusions of this study through 
long-term continuous follow-up.

Conclusion
In conclusion, RAR has a reliable predictive value for the risk of rehospitalization and rehospitalization all-cause 
mortality in patients with sepsis. Consequently, monitoring RAR levels for at least 1 year after surviving sepsis in 
female sepsis patients aged <65 in routine clinical practice is critical. Additionally, RAR, as a convenient and 
inexpensive biochemical indicator for predicting the prognosis of sepsis, can be carried out even in grassroots hospitals, 
which suggests that RAR has a potential promotion and application value in routine clinical practice.
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