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Abstract. 
Objective. The prognostic value of the red cell distribution width (RDW) in patients with sepsis-induced acute respiratory distress syndrome (ARDS) is still elusive. This study is aimed at determining whether RDW is a prognostic indicator of sepsis-induced ARDS. Methods. This retrospective cohort study included 1161 patients with sepsis-induced ARDS. The datasets were acquired from the Medical Information Mart for Intensive Care III database. The locally weighted scatter-plot smoothing technique, Cox regression, Kaplan-Meier estimator, and subgroup analysis were carried out to evaluate the association between RDW and 90-day mortality. Results. The RDW and mortality had a roughly linear increasing relationship. The Cox regression model results were as follows: for level 2 (), hazard , 95% confidence , and for level 3 (), , 95% . The following results were obtained when RDW was treated as a continuous variable: , . The  values of the interaction between the RDW and covariates were greater than 0.05. Conclusion. RDW is a new independent prognostic marker for patients with sepsis-induced ARDS.

1. Introduction
Sepsis is caused by an imbalance in a host’s response to infection and can lead to systemic multiple-organ dysfunction [1]. The lung is the first organ with the highest incidence rate of sepsis, and acute lung injury (ALI) is the main manifestation. ALI can further develop into acute respiratory distress syndrome (ARDS), an emergency and critical illness in the intensive care unit (ICU). It can cause excessive and uncontrolled inflammatory reactions [2], resulting in a clinical mortality rate (MR) as high as 35%–40% [3]. Therefore, early discrimination of high-risk sepsis-induced ARDS patients with worse prognoses is extremely important.
The red cell distribution width (RDW) is commonly assessed as part of a complete blood count and is often used to identify different types of anemia. RDW has received much attention from the healthcare community as a new diagnostic and prognostic indicator in recent years. Several studies have shown a close association between RDW and the prognosis of burns [4], pancreatitis [5], peritonitis [6], hepatitis B-related diseases [7], cardiovascular diseases [8, 9], and cancer [10–13]. However, no study has reported on the association between RDW and the prognosis of sepsis-induced ARDS patients. Moreover, clinical indicators for evaluating the prognosis of sepsis-induced ARDS patients are lacking. Therefore, this research is aimed at determining the predictive value of RDW in the MR of sepsis-induced ARDS patients.
2. Methods
2.1. Introduction to the Medical Database
The Medical Information Mart for Intensive Care III (MIMIC-III) V.1.4 database is a freely accessible critical care database that contains the clinical data of at least forty thousand critically ill patients hospitalized at the Beth Israel Deaconess Medical Center of Harvard Medical School between 2001 and 2012 (58,976 inpatients in total) [14]. The MIMIC-III database consists of comprehensive patient data such as biochemical, demographic, and physiological data as well as clinical diagnostics and medical treatment records. The MIMIC-III database not only has a large sample size and rich data types but also high-quality and high-reliability data. It is a treasure chest for clinical research in the field of critical care medicine. Wang obtained access to the database and was involved in data extraction (Certification No. 36132199).
2.2. Selection Criteria
We focused on the patients who were admitted to the ICUs from 2008 to 2012. All patients were required to meet the diagnostic criteria for ARDS and sepsis within 24 h of admission to the ICU. According to the recommendations of the Surviving Sepsis Campaign in 2016 [15] and the extraction method for sepsis-3 patients described by Johnson and coworkers [16], this study included patients suspected of having an infection during ICU admission (within 24 h) with a Sequential Organ Failure Assessment (SOFA) score of ≥2. Clinically suspected infection was diagnosed by bacterial culture positivity and antibiotic administration. According to the Berlin diagnostic criteria of ALI/ARDS, ARDS was defined by the following parameters: (i) mechanical ventilation and positive end-expiratory pressure or continuous positive airway  cmH2O; (ii) severe ( mmHg), moderate ( mmHg), or mild ( mmHg); and (iii) without pleural effusion, lung collapse, lung nodules, or cardiogenic pulmonary edema. Since no cardiogenic pulmonary edema information was available directly from the database, the patients with a pulmonary capillary wedge pressure (PCWP) of ≥18 cmH2O were considered to have cardiogenic pulmonary edema.
Patients with the following criteria were excluded: (i) younger than sixteen years, (ii) admitted to the ICU before, (iii) admitted to the cardiothoracic surgery service, (iv) stayed in the ICU for <24 h, (v) suspected with  before and after ICU admission, and (vi) no RDW data available within 24 h of ICU admission or no data on comorbidities.
2.3. Data Extraction and Patient Outcomes
The demographic characteristics (e.g., age, sex, and ethnicity), comorbidities (congestive heart failure, anemia, hypertension, chronic respiratory disease, liver disease, and kidney failure) and laboratory data (RDW, platelet count, white blood cell count, blood glucose, urea nitrogen, and serum creatinine), and severity of the disease (SOFA score, ARDS grade, and vasopressin use) of the included patients were extracted from the database. All laboratory parameters were selected for the first measurement. The outcome measure was all-cause MR during the 90 days of ICU admission.
2.4. Grouping
Since none of the patients had an RDW less than the normal range (11.5%–14.5%), the patients were categorized into the normal RDW (nRDW) group () and the increased RDW (iRDW) group (). Locally weighted scatter-plot smoothing (LOWESS) analysis revealed approximately linearly increasing relationship between the RDW and 90- or 30-day all-cause mortalities. Therefore, the iRDW group was subdivided into 2 subgroups using the median value of the RDW as the threshold and then inputting it into the Cox regression model to further explore the impact of an increased RDW on mortality. The resulting three groups were level 1 (), level 2 (), and level 3 ().
2.5. Treatment of Missing Values
The missing values were <5% for all the variables included in the present study. The normally distributed variables were subjected to mean imputation, while the nonnormally distributed variables were subjected to median imputation. For the categorical variables with missing values, the associated cases were deleted directly.
2.6. Statistical Analysis
Categorical variables were analyzed by the chi-square test, and the data are expressed as percentages. Continuous variables were tested with Student’s  test (normal distribution) or the Mann-Whitney  test, and the results are presented as the  deviation or median (interquartile range (IQR)). The LOWESS method was employed to assess the general association between RDW and 90- or 30-day all-cause mortalities. The Kaplan-Meier estimator was applied to construct the survival curves of different RDWs, which were compared with the log-rank test. Then, Cox regression was employed to analyze the prognostic factors related to mortality. The variables with  in the univariate model were subjected to multivariate Cox regression analysis. Covariate correction was performed using the following models: Model 1 was corrected according to age, sex, and ethnicity; ; ; and . Multicollinearity was examined by the variance-inflation factor (VIF), and  (severe multicollinearity) was not allowed in the study.
In the Cox regression model, subgroup analysis was performed according to the severity of illness during ICU admission [17], including the ARDS grade and in combination with septic shock. However, identifying septic shock patients in the aforementioned datasets was difficult because of the lack of access to relevant information. Therefore, it was substituted with vasopressin use within 24 h of ICU admission. Considering that RDW could be affected by the hemoglobin level, another subgroup analysis was carried out according to the association of RDW with anemia. To verify the interaction between the RDW and these variables, the regression model was incorporated with multiplicative interaction terms. The significance level was set at  value < 0.05. All statistical tests were conducted with Stata v.16, SPSS v.24, and R v.3.6.3.
3. Results
3.1. Baseline Characteristics
A total of 1161 patients with sepsis-induced ARDS were included in this analysis. The patient selection and data screening processes are illustrated in Figure 1. The overall 90-day all-cause MR was 32.6%. The baseline characteristics of the nRDW and iRDW groups were compared and are presented in Table 1. The overall mean age at ICU admission was 64.2 years, and 56.8% of the patients were male. The frequency of vasopressin use in the iRDW group was remarkably higher than that in the nRDW group (56.6% vs. 48.0%, ). Moreover, the iRDW group showed a higher proportion of comorbidities, such as congestive heart failure, anemia, high blood pressure, liver disease, and kidney failure. The 90-day MR in the iRDW group was remarkably higher than that in the nRDW group (42.8% vs. 21.8%, ).




			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
				
					
				
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		Figure 1: Flow diagram of patient recruitment.


Table 1: Baseline data of the study subjects.
	

	Variable	Total ()	 ()	 ()	 value
	

	Age, year				0.098
	Male,  (%)	660 (56.8%)	340 (60.7)	320 (53.3)	0.010
	Ethnicity,  (%)				0.749
	    White	811 (69.9)	394 (70.4)	417 (69.4)	
	    Black	85 (7.3)	43 (7.7)	42 (7.0)	
	    Other	265 (22.8)	123 (22.0)	142 (23.6)	
	SOFA, median (IQR)	7 (4–10)	6 (4–9)	5 (7–11)	<0.001
	ARDS stage,  (%)				0.018
	    Mild	326 (28.1)	148 (26.4)	178 (29.6)	
	    Moderate	517 (44.5)	273 (48.8)	244 (40.6)	
	    Severe	318 (27.4)	139 (24.8)	179 (29.8)	
	Vasopressin use,  (%)	609 (52.5)	269 (48.0)	340 (56.6)	0.004
	Comorbidities,  (%)				
	    Congestive heart failure	242 (20.8)	98 (17.5)	144 (24.0)	0.007
	    Chronic pulmonary	291 (25.1)	126 (22.5)	165 (27.5)	0.052
	    Hypertension	174 (15.0)	55 (9.8)	119 (19.8)	<0.001
	    Renal failure	198 (17.1)	61 (10.9)	137 (22.8)	<0.001
	    Liver disease	118 (10.2)	28 (5.0)	90 (15.0)	<0.001
	    Anemia	299 (25.8)	121 (21.6)	178 (29.6)	0.002
	Laboratory data				
	    White blood cell, 109/L	10.6 (7.6–14.3)	10.9 (8.2–14.3)	10 (6.9–14.3)	0.006
	    Platelet, 109/L	202 (147–271)	212 (167–278)	186 (125–264)	<0.001
	    Glucose, mg/dL	133 (107–175)	136 (110–178)	129 (104–173)	0.003
	    Creatinine, mg/dL	1.1 (0.8–1.7)	1.0 (0.8–1.5)	1.2 (0.8–2.1)	<0.001
	    Urea nitrogen, mg/dL	22 (15–37)	19.5 (13.0–29.0)	26 (17–44)	<0.001
	Clinical outcome				
	    30-day mortality,  (%)	318 (27.4)	104 (18.6)	214 (35.6)	<0.001
	    90-day mortality,  (%)	379 (32.6)	122 (21.8)	257 (42.8)	<0.001
	



3.2. Relationship between RDW and Mortality
An approximately increasing linear relationship was found between RDW and mortality using the LOWESS technique (Figure 2). When the RDW was in the range of 19.0%–19.5%, the 90-day mortality rate was as high as 67%, and the 30-day MR was 60%. Figure 3 represents the Kaplan-Meier curve describing the association between RDW and 90-day MR in different RDW groups. For various time periods, the level 1 group showed the highest survival rate (), followed by the level 2 group.
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		(b)
Figure 2: Relationship between RDW and (a) 90-day or (b) 30-day mortality in sepsis-induced ARDS.






			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
		
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		Figure 3: Association between RDW and 90-day overall survival in sepsis-induced ARDS.


In the extended multivariate Cox regression model, the level 3 RDW was significantly correlated with the 90-day MR (Table 2). Model 1 showed a hazard ratio (HR) of 2.68 with a 95% confidence interval (CI) of 2.11–3.40. Model 2 had an HR of 2.35 with a 95% CI of 1.83–3.01. Model 3 exhibited an HR of 2.14 with a 95% CI of 1.65–2.78. Model 4 had an HR of 2.07 with a 95% CI of 1.59–2.69. Level 2 exhibited similar results with smaller HR values. Supplementary Table 1 lists the HR values of all covariates in Model 4. When RDW was regarded as a continuous variable, it could also predict 90-day MR (HR, 1.11 per 1% increase; 95% CI, 1.06–1.15) (Table 3).
Table 2: HR values for the 90-day MR among the 3 RDWs.
	

				
	HR (95% CI)		HR (95% CI)		HR (95% CI)	
	

	Model 1	Reference	—	1.61 (1.24–2.10)	<0.001	2.68 (2.11–3.40)	<0.001
	Model 2	Reference	—	1.50 (1.15–1.95)	0.003	2.35 (1.83–3.01)	<0.001
	Model 3	Reference	—	1.45 (1.11–1.90)	0.006	2.14 (1.65–2.78)	<0.001
	Model 4	Reference	—	1.35 (1.03–1.77)	0.028	2.07 (1.59–2.69)	<0.001
	



Table 3: HR values for the 90-day MR with RDW as a continuous variable.
	

		RDW as a continuous variable (per 1% increase)
	HR (95% CI)	
	

	Model 1	1.16 (1.47-2.23)	<0.001
	Model 2	1.13 (1.09-1.17)	<0.001
	Model 3	1.11 (1.07-1.16)	<0.001
	Model 4	1.11 (1.06-1.15)	<0.001
	



3.3. Subgroup Analysis
The results of the subgroup analysis are shown in Figure 4. The  values of the interaction between RDW and the degree of ARDS, use of vasopressors, and anemia were 0.241, 0.719, and 0.911, respectively. There were no obvious differences between the RDW and mortality among patients with different degrees of ARDS, whether vasopressin was used and whether anemia was present.




			
			
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
		
			
			
			
			
			
			
			
		
			
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
		
			
			
			
		
			
		
			
			
			
		
			
		Figure 4: Adjusted hazard ratio in the subgroup analysis.


4. Discussion
In this study, massive amounts of data were obtained from the MIMIC-III database to assess the prognostic significance of RDW in sepsis-induced ARDS patients. The results demonstrated that RDW and mortality had a roughly linear increasing relationship. Multivariate Cox regression analysis indicated that RDW was independently associated with the high MR of sepsis-induced ARDS patients.
Our results were in good agreement with previous findings that RDW demonstrated good predictive value for many diseases, especially inflammatory diseases. In a retrospective study of 610 patients with severe burns, RDW independently correlated with the occurrence of ARDS. For every 1% increase in RDW, the risk of ARDS was induced by 29% [18]. Ganji et al. conducted a meta-analysis involving 7 studies with 976 patients with pancreatitis. They used the summary receiver operating characteristic (ROC) curve from a bivariate model to predict the prognosis of RDW for patient mortality and obtained an area under the curve (AUC) of 0.757 as well as pooled specificity and sensitivity of 90% (95% CI: 73%–96%) and 67% (95% CI: 51%–80%), respectively [19]. Interestingly, RDW might also be related to the risk of death in the general population. In a study involving 15,852 adults living in the community, the researchers followed up the community residents for 6–12 years and found that the mortality increased twofold from the lowest quintile of the RDW to the highest quintile [20]. Moreover, RDW was also involved in the occurrence of cancers (HR, 1.28; 95% CI, 1.21–1.36), cardiovascular diseases (HR, 1.22; 95% CI, 1.14–1.31), and chronic respiratory diseases (HR, 1.32; 95% CI, 1.17–1.49) [20].
The correlation mechanism between increased RDW and poor prognosis in patients with sepsis-induced ARDS remains elusive. Sepsis-induced ARDS is a systemic inflammatory response syndrome [21]. To date, the link between the inflammatory response and the increase in RDW has been confirmed. Studies have shown a positive correlation between RDW and certain inflammatory biomarkers (erythrocyte sedimentation rate and C-reactive protein) [22, 23], indicating that red blood cell heterogeneity implies the existence of inflammation. Inflammation has adverse effects on bone marrow function, iron metabolism, and red blood cell homeostasis, further leading to the production of a large number of new reticulocytes related to RDW increase [24, 25]. In addition, the increase in oxidative stress boosted RDW by reducing the survival rate of red blood cells and releasing large numbers of premature red blood cells into the circulation [26]. These possible mechanisms might also explain the interaction between RDW and disease severity to a certain extent because the more severe the sepsis-induced ARDS is, the more remarkable the inflammatory response and oxidative stress.
One of the strengths of this research was the large study population, which was sufficient for further stratification and subgroup analysis of RDW. Furthermore, adequate confounding factors were included that might interact with RDW to produce more accurate results because RDW might be affected by a series of factors [27], such as age, sex, anemia, and liver and kidney dysfunction. Nevertheless, this research had some limitations. First, it was not a multicenter retrospective study and hence could have selection bias. Second, only the RDW data within 24 h of ICU admission were analyzed. Thus, follow-up data could be used to verify the findings of this study. Third, identifying patients with septic shock and cardiogenic edema in the datasets was difficult because of the lack of assessments of relevant information; they were replaced with vasopressin use and PCWP value. Last, the MIMIC-III V.1.4 database only included inpatients from 2001 to 2012 but did not include patients from more recent years.
5. Conclusion
In summary, this study suggested that RDW is a promising independent prognostic marker of sepsis-induced ARDS and that increased RDW is significantly correlated with poor prognosis. This study provided support for the risk stratification of patients with sepsis-induced ARDS based on RDWs. However, further multicenter prospective research is required to assess the exact mechanism underlying the correlation between RDW and MR and hence further verify the findings.
Data Availability
The full dataset used in this study is available from the first author at wanghb53@mail2.sysu.edu.cn. However, reanalysis of the full data for other use requires approval by the MIMIC-III Institute.
Conflicts of Interest
The authors declare that there are no conflicts of interest.
Authors’ Contributions
Huabin Wang and Junbin Huang contributed equally to this work.
Acknowledgments
This research was supported by the Sanming Project of Medicine in Shenzhen (grant number SZSM202011004) and the Natural Science Foundation of Guangdong Province (grant number 2020A1515010151).
Supplementary Materials
Supplementary Table 1: Cox proportional hazards model of factors associated with 90-day mortality among sepsis-induced acute respiratory distress syndrome. (Supplementary Materials)
References
	W. Schulte, J. Bernhagen, and R. Bucala, “Cytokines in Sepsis: Potent Immunoregulators and Potential Therapeutic Targets—An Updated View,” Mediators of Inflammation, vol. 2013, Article ID 165974, 16 pages, 2013.
	D. C. Angus and T. van der Poll, “Severe sepsis and septic shock,” The New England Journal of Medicine, vol. 369, no. 9, pp. 840–851, 2013.
	G. Bellani, J. G. Laffey, T. Pham et al., “Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries,” JAMA, vol. 315, no. 8, pp. 788–800, 2016.
	L. Qiu, C. Chen, S. J. Li et al., “Prognostic values of red blood cell distribution width, platelet count, and red cell distribution width-to-platelet ratio for severe burn injury,” Scientific Reports, vol. 7, no. 1, p. 13720, 2017.
	E. M. Yilmaz and A. Kandemir, “Significance of red blood cell distribution width and C-reactive protein/albumin levels in predicting prognosis of acute pancreatitis,” Ulusal Travma ve Acil Cerrahi Dergisi, vol. 24, no. 6, pp. 528–531, 2018.
	P. He, J. P. Hu, H. Li et al., “Red blood cell distribution width and peritoneal dialysis-associated peritonitis prognosis,” Renal Failure, vol. 42, no. 1, pp. 613–621, 2020.
	J. Wang, R. Huang, X. Yan et al., “Red blood cell distribution width: a promising index for evaluating the severity and long-term prognosis of hepatitis B virus-related diseases,” Digestive and Liver Disease, vol. 52, no. 4, pp. 440–446, 2020.
	A. M. Adam, M. A. Ali, A. A. Shah et al., “Efficacy of hematological and coagulation parameters in the diagnosis and prognosis of patients with acute coronary syndrome,” The Journal of Tehran Heart Center, vol. 13, no. 3, pp. 115–125, 2018.
	P. O. Guimarães, J. L. Sun, K. Kragholm et al., “Association of standard clinical and laboratory variables with red blood cell distribution width,” American Heart Journal, vol. 174, pp. 22–28, 2016.
	B. Li, Z. You, X. Z. Xiong et al., “Elevated red blood cell distribution width predicts poor prognosis in hilar cholangiocarcinoma,” Oncotarget, vol. 8, no. 65, pp. 109468–109477, 2017.
	W. Ge, J. Xie, and L. Chang, “Elevated red blood cell distribution width predicts poor prognosis in patients with oral squamous cell carcinoma,” Cancer Management and Research, vol. 10, pp. 3611–3618, 2018.
	Y. Koma, A. Onishi, H. Matsuoka et al., “Increased red blood cell distribution width associates with cancer stage and prognosis in patients with lung cancer,” PLoS One, vol. 8, no. 11, article e80240, 2013.
	D. Yao, Z. Wang, H. Cai, Y. Li, and B. Li, “Relationship between red cell distribution width and prognosis in patients with breast cancer after operation: a retrospective cohort study,” Bioscience Reports, vol. 39, no. 7, 2019.
	A. E. Johnson, T. J. Pollard, L. Shen et al., “MIMIC-III, a freely accessible critical care database,” Scientific Data, vol. 3, no. 1, article 160035, 2016.
	M. Singer, C. S. Deutschman, C. W. Seymour et al., “The third international consensus definitions for sepsis and septic shock (sepsis-3),” JAMA, vol. 315, no. 8, pp. 801–810, 2016.
	A. E. W. Johnson, J. Aboab, J. D. Raffa et al., “A comparative analysis of sepsis identification methods in an electronic database,” Critical Care Medicine, vol. 46, no. 4, pp. 494–499, 2018.
	Y. Shen, X. Huang, and W. Zhang, “Platelet-to-lymphocyte ratio as a prognostic predictor of mortality for sepsis: interaction effect with disease severity-a retrospective study,” BMJ Open, vol. 9, no. 1, article e022896, 2019.
	C. H. Xiao, J. Wan, H. Liu et al., “Red blood cell distribution width is an independent risk factor in the prediction of acute respiratory distress syndrome after severe burns,” Burns, vol. 45, no. 5, pp. 1158–1163, 2019.
	A. Ganji, A. Esmaeilzadeh, O. Ghanaei et al., “Predictive value of red blood cell distribution width for mortality in patients with acute pancreatitis: a systematic review and meta-analysis,” Medical Journal of the Islamic Republic of Iran, vol. 31, no. 1, pp. 823–828, 2017.
	T. S. Perlstein, J. Weuve, M. A. Pfeffer, and J. A. Beckman, “Red blood cell distribution width and mortality risk in a community-based prospective cohort,” Archives of Internal Medicine, vol. 169, no. 6, pp. 588–594, 2009.
	J. A. Silversides, A. J. Ferguson, D. F. McAuley, B. Blackwood, J. C. Marshall, and E. Fan, “Fluid strategies and outcomes in patients with acute respiratory distress syndrome, systemic inflammatory response syndrome and sepsis: a protocol for a systematic review and meta-analysis,” Systematic Reviews, vol. 4, no. 1, p. 162, 2015.
	A. Vayá, A. Sarnago, O. Fuster, R. Alis, and M. Romagnoli, “Influence of inflammatory and lipidic parameters on red blood cell distribution width in a healthy population,” Clinical Hemorheology and Microcirculation, vol. 59, no. 4, pp. 379–385, 2015.
	G. Lippi, G. Targher, M. Montagnana, G. L. Salvagno, G. Zoppini, and G. C. Guidi, “Relation between red blood cell distribution width and inflammatory biomarkers in a large cohort of unselected outpatients,” Archives of Pathology & Laboratory Medicine, vol. 133, no. 4, pp. 628–632, 2009.
	P. G. Fraenkel, “Anemia of inflammation: a review,” The Medical Clinics of North America, vol. 101, no. 2, pp. 285–296, 2017.
	K. Bujak, J. Wasilewski, T. Osadnik et al., “The prognostic role of red blood cell distribution width in coronary artery disease: a review of the pathophysiology,” Disease Markers, vol. 2015, Article ID 824624, 12 pages, 2015.
	B. Wang, Y. Gong, B. Ying, and B. Cheng, “Relation between red cell distribution width and mortality in critically ill patients with acute respiratory distress syndrome,” BioMed Research International, vol. 2019, Article ID 1942078, 8 pages, 2019.
	Y. Chen and X. Li, “Can red blood cell distribution width predict the severity and prognosis of hepatitis B virus-related diseases?” Digestive and Liver Disease, vol. 52, no. 11, p. 1372, 2020.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Methods

		  3. Results

		  4. Discussion

		  5. Conclusion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




