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Aim: The progression of acute kidney injury (AKI) might be associated with systemic inflammation. Our study aims to explore the association and predictive value of the red blood cell distribution width (RDW) to human serum albumin (ALB) ratio (RDW/ALB ratio), an inflammation-related indicator, in the risk of all-cause mortality and renal replacement therapy (RRT) in AKI patients admitted in intensive care units (ICU).

Methods: A retrospective cohort study was designed, and data were extracted from the Medical Information Mart for Intensive Care III (MIMIC-III). The primary outcome was the risk of all-cause mortality (1-month, 3-month, and 12-month), and the secondary outcome was the risk of RRT. The association between the RDW/ALB ratio and the risk of all-cause mortality and RRT was assessed using the Cox regression analysis, with results shown as hazard ratio (HR) and 95% confidence intervals (CIs). The relationship between the RDW/ALB ratio and crude probability of all-cause mortality or RRT was assessed using restricted cubic splines (RCS). The concordance index (C-index) was used to assess the discrimination of the prediction model.

Results: A total of 13,856 patients were included in our study. In the fully adjusted Cox regression model, we found that a high RDW/ALB ratio was associated with an increased risk of 1-month, 3-month, and 12-month all-cause mortality and RRT (all p < 0.05). Moreover, RCS curves showed the linear relationship between the RDW/ALB ratio and the probability of all-cause mortality and RRT, and the probability was elevated with the increase of the ratio. In addition, the RDW/ALB ratio showed a good predictive performance in the risk of 1-month all-cause mortality, 3-month all-cause mortality, 12-month all-cause mortality, and RRT, with a C-index of 0.728 (95%CI: 0.719–0.737), 0.728 (95%CI: 0.721–0.735), 0.719 (95%CI: 0.713–0.725), and 0.883 (95%CI: 0.876–0.890), respectively.

Conclusion: The RDW/ALB ratio performed well to predict the risk of all-cause mortality and RRT in critically ill patients with AKI, indicating that this combined inflammatory indicator might be effective in clinical practice.
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Introduction

Acute kidney injury (AKI) is a syndrome characterized by a sudden deterioration of kidney function (1). AKI occurs in 10–15% of all patients admitted to the hospital (2), and its prevalence exceeds 50% in intensive care unit (ICU) patients (3). Three to five-fold greater mortality was reported in critically ill patients with AKI compared to those without AKI (4). In the United States, 6–24% of ICU patients experience AKI, whose short-term all-cause mortality is as high as 60–70% (5, 6), which substantially elevates healthcare costs and brings great healthcare burdens. Therefore, it is important to search for valuable indicators to predict the prognosis of critically ill patients with AKI.

The progression of AKI might be associated with systemic inflammation (7). Understanding indicators underlying the inflammatory response has great potential for identifying effective therapies to prevent or improve AKI (7). Red cell distribution width (RDW) is an indicator reflecting the size change of red blood cells, and an increase in RDW is regarded as anisocytosis (8). Studies have reported a strong relationship between inflammatory reactions and an increase in RDW (9, 10). RDW has been reported to be associated with the progressions and outcomes of many diseases, including kidney diseases (9). Wang et al. (11) found that RDW was independently correlated with the short-term mortality of critically ill patients with AKI. Jia et al. (12) reported a positive correlation between RDW to long-term mortality in AKI patients. Also, Zhu et al. (13) found that a high level of RDW could independently predict the need for renal replacement therapy (RRT) in AKI patients. A study has shown that RDW combined with other viable indicators is more accurate in predicting the prognosis of critically ill patients with AKI than RDW alone (14).

Albumin (ALB), synthesized in the liver, is an indicator that reflects nutritional status and participates in regulating inflammatory response (15, 16). Previous studies have reported the association between ALB and AKI, and ALB level bears an inverse association with all-cause mortality in AKI patients (17, 18). Critical illness is usually correlated with systemic inflammation, and the RDW/ALB ratio has been reported as a valuable indicator to predict the prognosis of ICU patients suffering from stroke, acute respiratory distress syndrome, and pneumonia (19–21). However, the clinical utility of the RDW/ALB ratio has not yet been evaluated in critically ill patients with AKI.

This study aimed to explore the association between the RDW/ALB ratio and the prognosis of AKI patients admitted in the ICU, and further explore the predictive value of the RDW/ALB ratio for the prognosis of AKI.



Methods


Study design and data source

This retrospective cohort study was performed in 2013, based on the revised Declaration of Helsinki. Data were extracted from the Medical Information Mart for Intensive Care III (MIMIC-III), a public and freely available databasethat included health-related data on over 40,000 patients admitted to the ICU of the Beth Israel Deaconess Medical Center (Boston, MA, United States) from 2001 to 2012 (22). This database preserved extensive clinical data, including demographic characteristics, vital signs, laboratory measurements, medication, and medical records. The MIMIC-III database has obtained approval from the Institutional Review Boards of Beth Israel Deaconess Medical Center (Boston, MA, United States) and the Massachusetts Institute of Technology (Cambridge, MA, United States). To protect patients’ privacy, the personal information of all included patients was de-identified; therefore, this study was exempt from the informed consent of patients.



Participants

Participants who were aged ≥18 years, met the diagnosis of AKI, and were hospitalized in the ICU within 48 h of first admission (considering one of the AKI definitions was evaluated within 48 h) were included in this study. Participants missing data on ALB and RDW were excluded from this study. The participants were followed up until death after ICU admission.

AKI was defined as an increase of serum creatinine (SCr) level by ≥ 0.3 mg/dl (≥ 26.5 μmol/l) within 48 h or an increase of SCr to ≥ 1.5 times the baseline, which was known or presumed to have occurred within the prior 7 days, or urine volume < 0.5 ml/kg/h for 6 h based on the Kidney Disease: Improving Global Outcomes (KDIGO) (23).



Data extraction

Data were extracted based on five aspects: baseline characteristics, vital signs, laboratory parameters, scoring systems, and outcome.

Baseline characteristics included age, gender, ethnicity, height, weight, AKI stage, therapy [mechanical ventilation, vasopressors, and renal replacement therapy (RRT)], comorbidities [atrial fibrillation (AF), congestive heart failure (CHF), respiratory failure, diabetes, and hypertension], estimated glomerular filtration rate (eGFR), causes of AKI (sepsis, acute pancreatitis, cardiogenic shock, acute cerebrovascular disease, and liver cirrhosis), ICU length of stay, and hospital length of stay. The eGFR (mL/min/1.73 m) was estimated as 141 × min(Scr/κ, 1)α × max(Scr/κ, 1)-1.029 × 0.993age × 1.018 [if female] _ 1.159 [if Black], where Scr was expressed in mg/dL, κ was 0.7 for females and 0.9 for males, α was − 0.329 for females and − 0.411 for males, min indicated the minimum of Scr/κ or 1, and max indicated the maximum of Scr/κ or 1 (24).

Vital signs included heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), respiratory rate, temperature, saturation of peripheral oxygen (SPO2), partial pressure of carbon dioxide (PCO2), and partial pressure of oxygen (PO2).

Laboratory parameters included white blood cell count (WBC), lymphocytes count, neutrophil count, platelet count (PLT), hemoglobin, hematocrit, creatinine, international normalized ratio (INR), ALB, blood urea nitrogen (BUN), glucose, lactate, bicarbonate, anion gap, RDW, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total calcium, neutrophil-to-lymphocyte ratio (NLR), bilirubin, and prothrombin time (PT).

Scoring systems included Elixhauser Comorbidity Index (ECI), Sequential Organ Failure Assessment (SOFA) score, and Simplified Acute Physiology Score II (SAPSII).

The primary outcome was all-cause mortality (1-month all-cause mortality, 3-month all-cause mortality, and 12-month all-cause mortality), and the secondary outcome was the risk of RRT.



Cutoff values of RDW/ALB

The optimal cutoff values of the RDW/ALB ratio were obtained using X-tile software (version 3.6.1, Yale University, New Haven, CT, United States) in terms of all-cause mortality and the minimum p value method (25, 26). X-tile is a bioinformatics tool to assess biomarkers and optimize outcome-based cut-point values (27). Using X-tile software, two cutoff values (4.6 and 5.9) for the RDW/ALB ratio were obtained (Supplementary Figure S1); therefore, patients were divided into a low ratio group (RDW/ALB < 4.6), a moderate ratio group (RDW/ALB from 4.6 to 5.9), and a high ratio group (RDW/ALB > 5.9).



Statistical analysis

The normally distributed measurement data were expressed as mean ± standard deviation (mean ± SD), and differences between the two groups were compared using a t test. The non-normally distributed measurement data were presented as median with interquartile range (IQR), and intergroup differences were compared using the Wilcoxon rank sum test. The counting data were shown as the number and percentage [n (%)], and the Chi-square test was used to compare differences between groups. Variables (height, weight, PO2, bilirubin, and PT) with missing values over 20% were deleted and variables with missing values under 20% were processed using multiple imputations. Sensitivity analysis was conducted before and after imputation. The cutoff values of ALB and RDW were obtained using X-tile software (version 3.6.1). According to the cutoff values, ALB was divided into low level (ALB < 2.6), moderate level (ALB from 2.6 to 3.3), and high level (ALB >3.3); RDW was divided into low level (RDW < 14.4), moderate level (RDW from 14.4 to 15.7), and high level (RDW > 15.7).

Cox regression analysis was used to assess the association between RDW/ALB and the risk of 1-month all-cause mortality, 3-month all-cause mortality, 12-month all-cause mortality, and RRT through stepwise regression (p < 0.05 for selection). Results of the cox regression analysis were expressed as hazard ratio (HR) with 95% confidence intervals (CIs). We used different models, including an unadjusted model that was not adjusted for any factors and Model 1 that was adjusted for age, ethnicity, and gender. For all-cause mortality, Model 2 was adjusted for age, ethnicity, AKI stage, heart rate, temperature, SPO2, PCO2, hematocrit percent, lymphocytes, hemoglobin, creatinine, INR, BUN, lactate, calcium, NLR, bicarbonate, anion gap, AF, CHF, respiratory failure, diabetes, hypertension, ECI, mechanical ventilation, vasopressors, SOFA, SAPSII, RRT, sepsis, acute pancreatitis, liver cirrhosis, and acute cerebrovascular disease. For the risk of RRT, Model 2 was adjusted for age, AKI stage, PCO2, lymphocytes, platelet, hematocrit, creatinine, BUN, bicarbonate, calcium, ALT, AST, anion gap, eGFR, NLR, AF, CHF, ECI, SOFA, mechanical ventilation, vasopressors, sepsis, acute pancreatitis, liver cirrhosis, acute cerebrovascular disease, and cardiogenic shock.

Spearman rank correlation coefficient was used to analyze the correlation between RDW/ALB and the indexes of the severity of patients’ conditions and kidney dysfunction (eGFR, SOFA, SAPSII, and AKI stage). Although SOFA and SAPSII were not specific indicators for AKI, they were indicators of the severity of clinical conditions and organ dysfunction at ICU admission (28, 29). AKI stage was the parameter that represented the severity of AKI, and eGFR was an index of baseline kidney function. The discrimination of the prediction model was assessed with the concordance index (C-index). The DeLong test was used to compare differences in the C-index of RDW/ALB, RDW, ALB, SAPSII, and SOFA. Restricted cubic spline (RCS) was only applied to assess the relationship between the RDW/ALB ratio and the crude probability of all-cause mortality and RRT. Kaplan–Meier (KM) method was used to assess the differences in the all-cause mortality of low, moderate, and high RDW/ALB ratio groups based on the log-rank test. Subgroup analysis was performed according to the AKI stage and sepsis (with or without) using multivariate Cox analysis. All data were analyzed by SAS 9.4 (SAS Institute Inc., Cary, NC, United States). KM curves were generated using R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). p < 0.05 was considered to be statistically significant.




Results


Selection and characteristics of included patients

A total of 28,854 AKI patients were extracted from the MIMIC-III database. Of these, we excluded 8,132 patients who were not hospitalized in the ICU within 48 h of first admission and 218 patients younger than 18 years old. Of the remaining 20,504 patients, we further excluded those who were missing data on ALB (n = 4,373) and RDW (n = 2,275). Finally, 13,856 patients were included for analysis (Figure 1). There were 5,816 patients in the low RDW/ALB group, 4,182 patients in the moderate RDW/ALB group, and 3,858 patients in the high RDW/ALB group. The missing data were addressed by multiple imputations, and sensitivity analysis showed consistent results before and after imputation (all p > 0.05; Supplementary Table S1). Table 1 displays that age, gender, AKI stage, mechanical ventilation, vasopressors, AF, CHF, respiratory failure, hypertension, eGFR, sepsis, acute pancreatitis, cardiogenic shock, acute cerebrovascular disease, liver cirrhosis, heart rate, SBP, DBP, respiratory rate, temperature, SPO2, PCO2, WBC, lymphocytes, neutrophil, PLT, hemoglobin, hematocrit, creatinine, INR, ALB, BUN, glucose, lactate, bicarbonate, anion gap, RDW, AST, calcium, NLR, ECI, RRT, SOFA, SAPSII, ICU length of stay, hospital length of stay, RRT, 1-month all-cause mortality, 3-month all-cause mortality, and 12-month all-cause mortality were statistically significant in the low, moderate, and high RDW/ALB groups (all p < 0.05).

[image: Figure 1]

FIGURE 1
 The flowchart of patients’ selection.




TABLE 1 Characteristics of the study patients divided by RDW/ALB ratios.
[image: Table1]



Association between RDW/ALB and indexes of The severity of patients’ conditions and kidney dysfunction and All-cause mortality of AKI

We found RDW and ALB were independently associated with 1-month, 3-month, and 12-month all-cause mortality of AKI patients (Supplementary Tables S2 and S3). Table 2 shows the association between RDW/ALB and indexes of the severity of patients’ conditions and kidney dysfunction. Results displayed that RDW/ALB was negatively associated with eGFR, and positively associated with SOFA, SAPSII, and AKI stage (all p < 0.001).



TABLE 2 The correlation of indexes of the severity of patients’ conditions and kidney dysfunction with the RDW/ALB ratio.
[image: Table2]

Table 3 shows the association between RDW/ALB and all-cause mortality of AKI. In the unadjusted model, moderate and high RDW/ALB ratios were associated with the increased risk of 1-month, 3-month, and 12-month all-cause mortality compared to the low RDW/ALB ratio group (all p < 0.001). In model 1, after adjusting age, ethnicity, and gender, similar results were observed (all p < 0.001). In model 2, after adjusting more confounders, RDW/ALB was also an independent factor for 1-month, 3-month, and 12-month all-cause mortality in AKI patients, with HR of 1.31 (95%CI: 1.18–1.45), 1.41 (95%CI: 1.30–1.53), and 1.39 (95%CI: 1.30–1.49), respectively (moderate ratio vs. low ratio), and HR of 1.67 (95%CI: 1.49–1.86), 1.77 (95%CI: 1.62–1.93), and 1.76 (95%CI: 1.64–1.90), respectively (high ratio vs. low ratio).



TABLE 3 Hazard ratios (HRs) for all-cause mortality based on RDW/ALB ratios in acute kidney injury (AKI) patients.
[image: Table3]



Predictive value of RDW/ALB in the all-cause mortality of AKI patients

Table 4 demonstrates that the C-index of RDW/ALB for 1-month, 3-month, and 12-month all-cause mortality was 0.728 (95%CI: 0.719–0.737), 0.728 (95%CI: 0.721–0.735), and 0.719 (95%CI: 0.713–0.725), respectively. The DeLong test displayed that the performance of RDW/ALB to predict the risk of 1-month, 3-month, and 12-month all-cause mortality was superior to RDW, ALB, SAPSII, and SOFA (all p < 0.05; Table 5). RCS curves showed a linear correlation between the RDW/ALB ratio and the crude probability of all-cause mortality and the probability of all-cause mortality was increased with the increase of the RDW/ALB ratio (Figure 2). Consistently, Figures 3A–C demonstrate that the 1-month, 3-month, and 12-month survival of patients with moderate and high RDW/ALB ratios was lower than those with the low ratio (log rank p < 0.001).



TABLE 4 Predictive value of RDW/ALB, RDW, ALB, SAPSII, and SOFA in all-cause mortality of AKI.
[image: Table4]



TABLE 5 Comparison of differences in C-index of RDW/ALB, RDW, ALB, SAPSII, and SOFA.
[image: Table5]

[image: Figure 2]

FIGURE 2
 The relationship between the red cell distribution width (RDW)/albumin (ALB) ratio and the crude probability of all-cause mortality using RCS.


[image: Figure 3]

FIGURE 3
 Kaplan–Meier (KM) survival curves of 1-month (A), 3-month (B), and 12-month (C) in patients with low, moderate, and high RDW/ALB ratios.




Subgroup analysis for the association between RDW/ALB and all-cause mortality based on AKI stage and sepsis

Results of subgroup analysis based on the AKI stage are shown in Table 6. In AKI patients at stage 1, we found moderate and high RDW/ALB ratios were associated with a higher risk of 1-month, 3-month, and 12-month all-cause mortality compared to the low ratio, with p < 0.05 for all. The results remained similar in the patients at stage 2. In AKI patients at stage 3, a moderate RDW/ALB ratio increased the risk of 3-month all-cause mortality (HR: 1.30, 95%CI: 1.12–1.52) and 12-month all-cause mortality (HR: 1.34, 95%CI: 1.18–1.53), while there was no significant difference between moderate ratio and 1-month all-cause mortality. A high RDW/ALB ratio showed a positive association with 1-month, 3-month, and 12-month all-cause mortality, with HR of 1.46 (95%CI: 1.21–1.76), 1.59 (95%CI: 1.36–1.85), 1.66 (95%CI: 1.46–1.90), respectively.



TABLE 6 Hazard ratios (HRs) for the all-cause mortality of AKI patients based on AKI stage.
[image: Table6]

Results of subgroup analysis based on sepsis are shown in Supplementary Table S4. In patients with sepsis, we found that moderate and high RDW/ALB ratios were associated with a higher risk of 1-month, 3-month, and 12-month all-cause mortality than the low RDW/ALB ratio (all p < 0.001). Similar results were found in patients without sepsis (all p < 0.001).



Association and predictive value of RDW/ALB for the risk of RRT In AKI patients

Supplementary Table S5 shows the significant association between moderate and high RDW/ALB ratios and the risk of RRT in the unadjusted model. After adjusting age, ethnicity, and gender, the results remained similar. Further adjusting for more confounders, a high RDW/ALB ratio was found to be associated with the risk of RRT (HR: 1.26, 95%CI: 1.08–1.47). The RCS curve displayed a linear relationship between the RDW/ALB ratio and the crude probability of RRT (Supplementary Figure S2). Moreover, we found the good performance of RDW/ALB in predicting the risk of RRT in AKI patients (C-index: 0.883, 95%CI: 0.876–0.890; Supplementary Table S6).




Discussion

In our study, we found that an increase in RDW/ALB was associated with a higher risk of all-cause mortality in critically ill patients with AKI. This association was also observed in AKI patients at stage 1, stage 2, and stage 3, and in patients with or without sepsis. The predictive performance of RDW/ALB in the risk of all-cause mortality was superior to RDW, ALB, SAPSII, and SOFA. Moreover, we found RDW/ALB was associated with RRT and performed well in predicting the risk of RRT.

Acute kidney injury (AKI) is defined as a rapid increase in SCr, a decrease in urine output, or both (23). More than half of ICU patients experience AKI, which brings health and medical burdens (1). Inflammation is initiated by the interaction of the host and pathogen and is a main pathogenesis to develop fatal consequences in patients, including in AKI patients (30, 31). Based on inflammatory response as a main mechanism, identifying new inflammatory indicators or previously known indicators could be valuable to predict clinical outcomes.

Red cell distribution width (RDW) is increased in response to inflammatory stimuli (9), and increased RDW is reported to be associated with unfavorable outcomes in many inflammatory diseases, such as pneumonia (32), sepsis (33), and ARDS (34). Previous studies have reported a positive association between RDW and all-cause mortality of many critically ill conditions (35–37). The elaborated mechanisms of RDW increase in critically ill patients remain to be determined; inflammation is induced to generate premature erythrocytes of premature erythrocytes from the bone marrow (38). Moreover, oxidative stress overproduces reactive oxygen species, which also stimulates erythropoiesis, resulting in anisocytosis and the increase of RDW (39). ALB is also an indicator related to inflammation (40). In inflammatory states, microvascular permeability and ALB escape is increased; this expands interstitial space and increases the distribution volume of ALB (40). In addition, the half-life of ALB is shown to shorten, reducing the total mass of ALB (40). These two factors result in hypoalbuminemia in many critically ill patients, and over 50% of them have ALB concentrations lower than normal values (40, 41). Importantly, a low ALB concentration is associated with higher mortality (41). Existing evidence has supported the accuracy of combined inflammation-related indexes in the prediction of mortality (14, 20). Previously, studies have reported a positive relationship between RDW/ALB and all-cause mortality of critically ill patients (19–21). Our findings were consistent with previous studies that RDW/ALB was associated with all-cause mortality of ICU patients with AKI, with a higher ratio indicating a higher risk of mortality. Existing studies showed that AKI stages were independently associated with the mortality of ICU patients (42, 43). In our study, we found moderate and high RDW/ALB ratios increased the risk of all-cause mortality in each AKI stage. To make our results more reliable, we also performed subgroups based on sepsis since inflammation may play a role in determining RDW and albumin status. Results showed that a higher RDW/ALB ratio was associated with a higher risk of all-cause mortality in patients with or without sepsis.

Our study also found a better predictive performance of RDW/ALB in the risk of all-cause mortality than RDW, ALB, SAPSII, and SOFA. RDW and ALB have been previously reported to independently predict the prognosis of patients with serious diseases (44, 45). Our study displayed the association between RDW or ALB and the risk of all-cause mortality in AKI patients, while the performance of RDW/ALB was better than RDW and ALB in the risk of all-cause mortality. The SOFA score aims to quantitatively assess organ dysfunction over time, and the association between the quantification of the SOFA score and mortality is inevitable (46). Many studies have reported the predictive value of the SOFA score for the risk of mortality in critically ill patients (47–49). SAPSII scoring system contains age, physiological variables, and several complications, which can estimate the death risk of critically ill patients (50, 51). SOFA and SAPSII have been recommended to evaluate the prognosis outcome of ICU patients who experience AKI; however, SOFA presents lower accuracy and SAPSII requires complex calculations (52, 53). RDW/ALB was easily calculated in clinical practice and showed better performance than SAPSII and SOFA. Our study indicated that RDW/ALB may be a simple and effective predictor for the risk of all-cause mortality in critically ill patients with AKI.

Acute kidney injury requiring RRT is a serious clinical disorder in the ICU, and the use of RRT is increasing, with 5–10% of ICU patients requiring RRT (54, 55). In this study, we also explored the association and predictive performance of the RDW/ALB ratio in the risk of RRT. Results showed that a high RDW/ALB ratio was associated with a higher risk of RRT. Moreover, we found RDW/ALB performed well to predict the risk of RRT, indicating that RDW/ALB may also be an effective predictor for the risk of RRT in critically ill patients with AKI.

Our study used a large sample size to explore the association between RDW/ALB and the risk of all-cause mortality and RRT and to investigate the ability of RDW/ALB to predict the risk of all-cause mortality and RRT in critically ill patients with AKI. However, there are some limitations in this study. First, this is a retrospective study, the selective bias is inevitable, making it difficult to generalize the findings to all AKI patients. Future studies are needed to externally validate our findings. Second, our data were extracted from the MIMIC-III database. Due to the defects of the database, treatment and care conditions out of hospital (potential confounders) were difficult to obtain. Third, the RDW/ALB ratio was calculated at baseline, and whether monitoring the RDW/ALB ratio might better predict all-cause mortality of AKI patients’ needs to be assessed. Fourth, the causes of AKI may be different. We have provided some of the causes of AKI and performed subgroup analysis based on sepsis. Due to the other specific causes for AKI not being recorded in the MIMIC-III database, we could not carry out further analyses.



Conclusion

In conclusion, our study showed that RDW/ALB was associated with the risk of all-cause mortality and RRT, and performed well to predict the risk of all-cause mortality and RRT in AKI patients admitted to the ICU. Our findings indicated that clinicians may use RDW/ALB to predict the risk of all-cause mortality and RRT of ICU patients with AKI, which may help them take adequate interventions to improve the prognosis of high-risk patients.
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Unadjusted model, adjusted for none; Model 1, adjusted for age, ethnicity, and gender; Model 2,adjusted for age, ethnicity, AKI stage, heart rate temperature, SPO2, PCO, Hematocrit percent,
lymphocytes, hemoglobin, creatinine, INR, BUN, lactate, Calcium, NLR, Bicarbonate, anion gap, AF, CHE, respiratory failure, diabetes, hypertension, ECI, mechanical ventilation,
vasopressors, SOFA, SAPSIL, RRT, sepsis, acute pancreatiis,liver cirrhosis, and acute cercbrovascular disease.
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area nitrogen; RDW, red blood cell distribution width; AL, alanine aminotransferase; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; ECI, Elixhauser Comorbidity
Index; SOFA, Sequential Organ Failure Assessment score; SAPSIL, Simplified Acute Physiology Score II; ICU, intensive care unit; and RRT, renal replacement therapy.

Low ratio: RDW/ALB < 46; moderate ratio: 4.6 < RDW/ALB <5.9; and high ratio: ROW/ALB>5..
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rato HR (95%C1) p HR (95%C1) p HR (95%C1) p
AKI stage

Stage 1

Low Ref Ref Ref

Moderate 1.40 (1.09-1.79) 0.008 1.41 (1.17-1.70) <0.001 1.40 (1.20-1.62) <0.001
High 221 (1.68-290) <0001 2.27(1.85-280) <0001 226 (190-2.68) <0.001
Stage 2

Low Ref Ref Ref

Moderate 1.41 (1.21-1.64) <0.001 1.51 (1.34-1.69) <0.001 1.43 (1.30-1.58) <0.001
High 177 (151-2.08) <0.001 180 (1.59-2.04) <0.001 171 (154-191) <0.001
Stage 3

Low Ref Ref Ref

Moderate 1.12(0.93-1.35) 0251 1.30(1.12-1.52) <0.001 1.34(1.18-1.53) <0.001
High 1.46 (1.21-1.76) <0.001 1.59 (1.36-1.85) <0.001 1.66 (1.46-1.90) <0.001

RDW/ALB, red blood cell
4.6 SRDW/ALB <5.9; high rat

ution width/albumin; and CI, confidence interval
 RDOW/ALB >5.9.

HR, hazard ratio; AKI, acute kidney injus
Low ratio: RDW/ALB < 46; moderate rat
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C-index (95%Cl) ~ C-index (95%Cl) = C-index (95%Cl) =~ C-index (95%Cl) =~ C-index (95%Cl)

1-month all-cause mortality 0.728(0.719-0.737) 0714 (0.704-0.724) 0710 (0.700-0.720) 0.653 (0.643-0.663) 0.562 (0.551-0.573)
3-month all-cause mortality 0.728(0.721-0.735) 0718 (0.710-0.726) 0711 (0.704-0.719) 0.647 (0.639-0.655) 0.568 (0.559-0.576)
12-month all-cause mortality 0.719(0.713-0.725) 0708 (0.701-0.714) 0701 (0.695-0.708) 0.642 (0.635-0.649) 0.563 (0.555-0.570)

RDW/ALB, red blood cell distribution width/albumin; ROV red blood celldistribution width; AL, albumin; SAPSIL, Simplified Acute Physiology Score I1; SOFA, Sequential Organ Failure
Assessment score; C-index, concordance index; and CI, confidence interval.
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RDW/ALB, red blood cell distribution width/albumin; RDW, red blood cell distribution
width; ALB, albumin; SAPSI, Simplified Acute Physiology Score Il; SOFA, Sequential Organ
Failure Assessment score.
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