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A B S T R A C T   

Objectives: This study aimed to explore the relationship between red blood cell distribution width 
(RDW) and all-cause mortality in critically ill patients undergoing intra-aortic balloon pumping 
(IABP) in the intensive care unit (ICU). 
Methods: This study retrospectively analyzed data from the Medical Information Mart for Inten-
sive Care IV (MIMIC-IV) database. The primary endpoint was the 30-day mortality rate, while the 
secondary endpoint was the in-hospital mortality rate. Restricted cubic splines were used to assess 
the dose–response relationship. The receiver operating characteristic (ROC) curve and Kaplan- 
Meier curve analysis were carried out to evaluate the predictive performance of RDW. More-
over, multiple logistic regression analyses and subgroup analyses were conducted to investigate 
the relationship between RDW and 30-day mortality. Finally, propensity score matching (PSM) 
was performed to adjust for the imbalance of covariates. 
Results: In total, 732 patients were finally identified from the MIMIC-IV database in this study. 
The RDW of patients in the non-survivor group was significantly higher compared with those in 
the survivor group (P < 0.01). Multiple logistic regression analyses corroborated RDW was an 
independent predictor of all-cause 30-day mortality in critically ill patients post-IABP. Mean-
while, ROC analysis identified an RDW cutoff of 14.2%. High RDW patients exhibited a 131% 
(OR = 2.31, 95% CI: 1.49–3.61) elevated risk of 30-day mortality after adjusting for confounders 
in multivariable logistic regression. After PSM, 412 patients were included in the matched cohort. 
In the original and matched cohorts, the high RDW group had higher 30-day and in-hospital 
mortality rates, as well as longer ICU stays. Lastly, the area under the ROC curve for 30-day 
mortality was 0.686, with an optimal cutoff point of 14.2 for RDW (sensitivity: 69.09 % and 
specificity: 63.32%). 
Conclusion: RDW could be a simple and valuable prognostic tool to predict mortality in critically 
ill patients after IABP.   
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1. Introduction 

1.1. Background 

The intra-aortic balloon pump (IABP) is presently a commonly used circulatory assist device and is routinely applied in patients 
with severe cardiovascular conditions, encompassing cardiogenic shock, acute myocardial infarction, and coronary artery bypass 
grafting [1,2]. It is positioned in the descending thoracic aorta and has been proven effective for optimizing systemic hemodynamics 
[3–5]. 

In recent years, technological advances and increased usage have driven significant improvements in outcomes for patients 
implanted with IABP. However, attributed to the complexity and seriousness of the disease, the all-cause mortality of patients after 
IABP remains unacceptably high, with a real-world study reporting an in-hospital mortality rate of up to 30% in-hospital [6]. 
Therefore, there is an urgent need for a practical and effective indicator to predict patient mortality, which can assist clinicians in 
timely screening patients at elevated mortality risk and implement more aggressive measures. 

Red blood cells (RBCs) are non-nucleated blood cells with a typical oval biconcave shape. Their normal volume ranges from 80 to 
100 fL (fL), but their degree of heterogeneity can increase in response to different physiological and pathological conditions. 

The red blood cell distribution width (RDW), which reflects the degree of heterogeneity as a routine laboratory value, is considered 
a core component of the standard Comprehensive Blood Count (CBC). Indeed, it has been extensively investigated and is traditionally 
used for the identification of anemia [7], while its effect is almost an unknown parameter in numerous diseases. Existing evidence 
suggests that RDW may provide valuable information for diagnosing inflammatory diseases and establishing the prognosis of patients 
with cardiovascular and cerebrovascular diseases [7–9]. 

However, studies exploring the relationship between RDW and the prognosis of patients after IABP are scarce. Hence, the objective 
of this study was to examine the relationship between RDW and mortality in ICU patients to provide a theoretical reference for the 
clinical management of critically ill patients with IABP. 

2. Materials and methods 

2.1. MIMIC IV database 

The data for this restrictive observation study was retrieved from the Medical Information Mart for Intensive Care IV (MIMIC-IV) 
database (https://doi.org/10.13026/s6n6-xd98) [10]. MIMIC-IV (version 2.0) is an open-access critical care database that has been 
updated from MIMIC-III and contains information on 76,540 ICU admissions from 2008 to 2019 at the Beth Israel Deaconess Medical 
Center in Boston. Author Zhongheng Jia successfully underwent an online training course sanctioned by the National Institutes of 
Health and passed a related human research participant protection exam, allowing access to the database for research endeavors 
(No.47115389). The study was carried out in accordance with the Declaration of Helsinki (2013 Edition). Considering that the 
database contains randomized specific patient information, formal ethical approval was waived for this study. Our access to the 
database was approved by the institutional review boards of the Massachusetts Institute of Technology. As a result, the Ethics Com-
mittee of the Second Affiliated Hospital of Wenzhou Medical University waived the need for informed consent for this study. 

Fig. 1. Flowchart of included patients. MIMIC-IV, Multiparameter Intelligent Monitoring in Intensive Care Database IV.  
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2.2. Study population 

The database included a total of 382,278 individuals in the hospital and 76,540 in the ICU. Patients who underwent IABP after 
admission to the ICU were selected for the present study. Additionally, only the first IABP procedure was assessed for patients un-
dergoing IABP more than once. Patients with missing study variables in the original dataset were excluded from this study. Of the 
original 925 patients, 90 patients received IABP support multiple times, and 103 patients were excluded due to incomplete clinical 
data. Ultimately, 732 patients were included in this study. The selection procedure of study participants is summarized in Fig. 1. 

2.3. Data extraction 

The following data were extracted from the MIMIC IV database: age, gender, simplified acute physiology score II(SAPS II), weight, 
comorbidities, survival time, length of ICU stay (ICU LOS), vital signs, in-hospital diseases, indication for IABP, medical operations, 
and laboratory values. SAPS is a medical scoring system designed to assess the severity of a patient’s acute physiological condition. It is 
utilized to calculate a severity score, which can be employed to predict the degree of illness and prognosis for the patient. Baseline 
information, comprising age, gender, weight, SAPSII and comorbidities, was collected upon the patient’s hospital admission. Cardiac 
diseases, including myocardial infarction and cardiogenic shock, were identified based on the in-hospital diagnoses documented 
before IABP initiation. Baseline laboratory values were obtained as the most recent laboratory test results prior to the induction of 
IABP. Peripheral venous blood samples were collected from each patient before IABP. Of note, variables with missing data are 
prevalent in the MIMIC IV database. Consequently, serum laboratory values with over 40% missing data, such as left ventricular 
ejection fraction (LVEF), albumin and anion gap, were excluded from this analysis. The imputation method using linear regression was 
employed for continuous variables with less than 5% missing data. The primary endpoint of our study was the 30-day mortality rate. 
Secondary outcomes were ICU mortality rate and ICU LOS from the date of ICU admission. The in-hospital mortality refers to patients 
who experience explicit death during their hospitalization, while the 30-day mortality is based on official death records registered by 
the state. 

Table 1 
Baseline characteristics of the study population.  

Characteristics Total N = 732 Death N = 165 Survival N = 567 P-value 

Age, year 71 (61–79) 74 (67–83) 70 (61–77) <0.01 
Male,% 69.67 67.88 70.19 0.57 
Weight, kg 83.17 (±18.01) 82.39 (±18.58) 83.39 (±17.85) 0.53 
SAPS II 38 (30–48) 48 (41–61) 36 (28–43) <0.01 
Temperature,◦C 36.63 (±0.77) 36.46 (±0.98) 36.67 (±0.69) <0.01 
MAP, mmHg 80 (71–93) 76 (66–84) 82 (73–94) <0.01 
Comorbidity 
Hypertension, % 43.85 35.15 46.38 0.01 
Diabetes, % 38.52 43.64 37.04 0.13 
Renal insufficiency, % 26.5 39.39 22.75 <0.01 
Cerebrovascular disease, % 10.38 9.09 10.76 0.54 
Pulmonary disease, % 20.9 24.24 19.93 0.23 
Cardiac history 
Prior myocardial infarction, % 62.98 63.03 62.96 0.99 
Prior congestive heart failure, % 56.15 68.48 52.56 <0.01 
Indications for IABP 
Myocardial infarction, % 54.64 51.52 55.56 0.36 
Cardiogenic shock, % 36.07 34.55 36.51 0.65 
Coronary bypass grafting, % 29.92 9.09 35.98 <0.01 
Coronary angioplasty, % 20.77 24.24 19.75 0.21 
Treatments 
Ventilation, % 78.28 84.24 76.54 0.04 
CRRT, % 13.39 33.33 7.58 <0.01 
Laboratory values 
Platelet, 109 cells/L 215.83 (±95.84) 207.53 (±100.92) 218.22 (±94.29) 0.22 
Neutrophil, 109 cells/L 10.24 (±5.78) 11.94 (±6.49) 9.75 (±5.47) <0.01 
Lymphocytes, 109 cells/L 1.91 (±1.64) 1.88 (±1.97) 1.92 (±1.53) 0.80 
Hemoglobin, g/dL 11.61 (±2.25) 10.88 (±2.25) 11.83 (±2.21) <0.01 
Glucose, mmol/L 9.67 (±5.17) 11.5 (±6.48) 9.12 (±4.57) <0.01 
RDW, % 14.49 (±1.87) 15.50 (±2.39) 14.21 (±1.57) <0.01 
Creatinine, μmoI/L 136.04 (±110.14) 196.30 (±128.28) 118.44 (±97.58) <0.01 
Urea nitrogen, mmol/L 28.86 (±18.82) 41.60 (±22.59) 25.14 (±15.76) <0.01 

SAPS II, simplified acute physiology score II; MAP, mean arterial pressure; CRRT, continuous renal replacement therapy; RDW, red blood cell dis-
tribution width. 
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2.4. Statistical analysis 

Continuous data were presented as mean ± SD or median with IQR and compared using the t-test or Mann-Whitney test. Cate-
gorical data were expressed as frequencies or percentages and compared using the Fisher exact test. The receiver operating charac-
teristic (ROC) curve was plotted to evaluate the predictive value of indicators before IABP for the mortality rate. The optimal cutoff 
value derived from the ROC curve was used to stratify patients into the high and low RDW groups. Kaplan-Meier curve analysis was 
conducted to analyze differences between groups and 30-day mortality rates. Univariate and multiple logistic regression were 
employed to identify correlations between RDW and 30-day mortality rates after IABP, with variables showing a univariate analysis p- 
value <0.1 included in the multivariate regression analysis. PSM was adopted to limit the influence of confounding factors using the 
nearest neighbor matching algorithm with a caliper width of 0.01. Subgroup analysis was utilized using the t-test to identify potential 
interactions between RDW and 30-day mortality. In order to conduct subgroup analysis, we employed RCS analysis, revealing a 
significant non-linear relationship between age and 30-day mortality. Accordingly, we selected 70 years as the cut-off value to 
facilitate more effective subgroup analysis and explore potential differences in 30-day mortality across distinct age groups. Stratifi-
cation was performed according to age (<70, ≥70), gender (male, female), diabetes (Yes, No), hypertension (Yes, No), cerebrovascular 
disease (Yes, No), chronic pulmonary disease (Yes, No), renal insufficiency (Yes, No), prior myocardial infarction (Yes, No), prior 
congestive heart failure (Yes, No), myocardial infarction (Yes, No), cardiogenic shock (Yes, No), Coronary bypass grafting (Yes, No), 
coronary angioplasty (Yes, No), ventilation (Yes, No) and continuous renal replacement therapy (CRRT; Yes, No). All statistical an-
alyses were performed using R (http://www.R-project.org, version R.4.2.3) and Stata 15.0. 

3. Results 

3.1. Study population and baseline characteristics 

A total of 732 patients who underwent IABP were enrolled in this study. The median age was 71 (61–79) years, with 510 patients 
(69.67%) male patients. The most prevalent admission diagnosis among IABP patients was myocardial infarction (54.64%), followed 
by cardiogenic Shock (36.07%). Coronary bypass grafting (29.92%) and Coronary angioplasty (20.77%) were also performed during 
the hospitalization period. Table 1 presents the baseline clinical information of patients with IABP. As detailed in Table 1, there were 
several differences in baseline characteristics between the two groups in this cohort. For instance, the prevalence of hypertension, 
congestive heart failure, and renal insufficiency was different among the two groups. Besides, advanced age was positively correlated 
with the 30-day mortality rate. Baseline glucose level, neutrophil count, creatinine level, urea nitrogen level, and RDW were sub-
stantially higher in the mortality group. 

3.2. Association between RDW and 30-day mortality 

The RCS analysis revealed a significant nonlinear correlation between RDW and the 30-day mortality rate of patients (Fig. 2A, p for 
non-linearity = 0.0054). The mortality odds ratio (OR) remained under 1 when RDW was below 14.2%, showing minimal variation. 
However, beyond this threshold, the risk of mortality increased linearly with increasing RDW. To determine the predictability of RDW, 
ROC curve plots were analyzed. The area under the curve for the RDW was 0.686 (Fig. 3). Similarly, the optimal cut-off point of the 

Fig. 2. Restricted cubic spline regression models of the relationship between RDW and the risk of 30-day mortality. (A): Unadjusted; (B): Adjusted 
for the confounding variables in multivariable logistic regression (Age、SAPSII、CRRT、Glucose、Urea nitrogen). 
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ROC curve for the RDW was 14.2% (sensitivity: 69.09 % and specificity: 63.32). Based on the optimal cut-off value of 14.2%, patients 
were stratified into the high RDW group and the low RDW group based on their RDW. As anticipated, unadjusted Kaplan-Meier 
analysis with the log-rank comparison revealed a significantly higher 30-day mortality rate in the high RDW group compared to 
the low RDW group (Fig. 4). At the same time, the stepwise multiple logistic regression analysis revealed that age, SAPS II score, CRRT, 
glucose level, RDW, and urea nitrogen level were independent factors associated with 30-day mortality (Table 2). The results 
collectively signaled that RDW could be used to predict the risk of 30-day death following IABP (p < 0.01), with an adjusted odds ratio 
(OR) of 1.35 (95% CI 1.19–1.53). Interestingly, adjusted restricted cubic splines also illustrated a non-linear relationship (Fig. 2B, non- 
linear adjusted P = 0.0127). Compared to patients with normal RDW, high RDW patients had a 131% (OR = 2.31, 95% CI: 1.49–3.61; 
P < 0.01) increased risk for 30-day mortality after adjusting for confounding variables in multivariable logistic regression. Taken 
together, these results suggested that a high level of RDW is an independent risk factor for 30-day mortality in patients after IABP. In 
addition, We used a multimodel-adjusted logistic regression approach to assess the independent association between RDW and 30-day 
mortality, taking into account various potential confounders (Table S1). The results showed that RDW showed significant predictive 
ability for patients’ 30-day mortality in different models. The models were fully adjusted to include a variety of demographic infor-
mation, comorbidities, and baseline clinical characteristics to ensure the reliability of the results. These findings highlight the 
importance of RDW as a potential independent biomarker in patients treated with IABP. RDW remained significantly predictive of 30- 
day mortality even after accounting for other potential factors. 

To investigate if RDW is a risk factor for 30-day mortality in specific subgroups, an exploratory subgroup analysis was undertaken 
(Fig. 5). The forest plot displayed that in different subgroups the relationship between baseline RDW and the risk of 30-day mortality 
stably existed except for Coronary bypass grafting (OR 2.38, 95% CI 0.83–6.86, P = 0.199) and CRRT (OR 1.27, 95% CI 0.99–1.61, P =
0.050). 

Fig. 3. Receiver-operating characteristic curve of the RDW to predict 30-day mortality of IABP patients.  

Fig. 4. Kaplan–Meier method estimated 30-day mortality in patients with IABP stratified by RDW. RDW = 0 indicates that RDW<14.2; RDW =
0 indicates that RDW≥14.2. 
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Table 2 
Multivariable logistic regression analysis of RDW for predicting 30-day mortality in patients with IABP.  

Variables Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value 

Age 1.04 (1.02–1.05) <0.01 1.03 (1.01–1.05) <0.01 
Male 0.89 (0.61–1.30) 0.57   
Weight 0.99 (0.98–1.01) 0.53   
SAPSII 1.07 (1.06–1.09) <0.01 1.05 (1.04–1.07) <0.01 
Temperature 0.71 (0.57–0.91) <0.01   
MAP 0.98 (0.97–0.99) <0.01   
Hypertension 0.62 (0.43–0.89) 0.01   
Diabetes 1.31 (0.93–1.87) 0.13   
Renal insufficiency 2.21 (1.52–3.19) <0.01   
Cerebrovascular disease 0.89 (0.45–1.50) 0.54   
Pulmonary disease 1.28 (0.85–1.94) 0.23   
Prior myocardial infarction 1.00 (0.70–1.43) 0.99   
Prior congestive heart failure 1.96 (1.35–2.83) <0.01   
Myocardial infarction 0.85 (0.60–1.20) 0.36   
Cardiogenic shock 0.92 (0.64–1.32) 0.64   
Coronary bypass grafting 0.18 (0.10–0.31) <0.01   
Coronary angioplasty 1.30 (0.86–1.96) 0.21   
Ventilation 1.63 (1.03–2.59) 0.04   
CRRT 6.09 (3.88–9.54) <0.01 3.51 (1.96–6.30) <0.01 
Platelet 0.99 (0.99–1.00) 0.22   
Neutrophil 1.06 (1.03–1.09) <0.01   
Lymphocytes 0.98 (0.88–1.11) 0.80   
Hemoglobin 0.82 (0.75–0.89) <0.01   
Glucose 1.08 (1.05–1.12) <0.01 1.05 (1.01–1.10) 0.02 
RDW 1.41 (1.28–1.55) <0.01 1.35 (1.19–1.53) <0.01 
Creatinine 1.01 (1.00–1.01) <0.01   
Urea nitrogen 1.04 (1.03–1.05) <0.01 1.02 (1.00–1.03) <0.01 

SAPS II, simplified acute physiology score II; MAP, mean arterial pressure; CRRT, continuous renal replacement therapy; RDW, red blood cell dis-
tribution width. 

Fig. 5. Subgroup analysis of RDW for predicting 30-day mortality. 
The OR values of RDW for predicting 30-day mortality in each subgroup were greater than 1 (P < 0.05), indicating that RDW was an independent 
factor for predicting 30-day mortality, except in the Coronary bypass subgroup (OR 2.38, 95% CI 0.83–6.86, P = 0.199) and CRRT subgroup (OR 
1.27, 95% CI 0.99–1.61, P = 0.050). 
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3.3. Propensity score matching of clinical outcomes 

Following PSM, 267 high RDW group patients and 145 low RDW group patients were matched (Table 3). The standardized dif-
ference of means and ratio of variances between the pairs was compared, and propensity scores (Fig. S1) and Kernel Density Plot 
(Fig. S2) were constructed to assess PSM quality. Covariate imbalance between groups was significantly minimized. Akin to the pre- 
matched model results, high RDW was associated with a higher risk of 30-day mortality (OR 2.06; 95% CI 1.25–3.39; P < 0.01) and 
higher in-hospital survival rates (OR 2.08; 95% CI 1.28–3.39; P < 0.01) and ICU LOS (OR 1.05; 95% CI 1.01–1.44). These results 
showcased that RDW is an independent predictor of patient mortality after IABP. Furthermore, the association between RDW and both 
in-hospital mortality and length of stay was explored. The findings exposed that, following propensity analysis, RDW emerged as an 
independent prognostic indicator for inpatient mortality. Notably, higher RDW values were correlated with prolonged length of stay, 
as listed in Table 4. 

4. Discussion 

This study included 732 critically ill IABP-treated patients from the MIMIC-IV database and evaluated the relationship between 
RDW and all-cause mortality in IABP patients for the first time. Multivariate analysis determined that pre-IABP RDW is an independent 
risk factor for post-IABP patients, with high RDW levels being associated with higher 30-day mortality rates (OR 2.31; 95% CI 
1.49–3.61; P < 0.01). PSM and subgroup analyses further corroborated the stable relationship between RDW and all-cause mortality. 

RDW is a readily available, fast, and inexpensive biomarker compared with other biochemical parameters and reflects the vari-
ability in volumes of red blood cells. In other words, higher levels of RDW signify greater variation in volumes. 

Table 3 
Baseline characteristics before and after propensity score matching.  

Variables Entire cohort (n = 732) Matched cohort (n = 412) 

RDW ≥ 14.2 (410) RDW < 14.2 (322) P-value RDW ≥ 14.2 (267) RDW < 14.2 (145) P-value 

Age 72 (62–81) 70 (61–77) 0.22 72 (62–81) 73 (64–81) 0.51 
Male 66.46 72.2 0.10 64.79 66.9 0.67 
Weight 83.39 (±19.11) 82.99 (±17.11) 0.76 83.09 (±19.44) 80.84 (±15.56) 0.23 
SAPSII 41 (34–51) 36 (28–44) <0.01 40 (33–51) 39 (31–51) 0.45 
Temperature 36.61 (±0.83) 36.64 (±0.72) 0.61 36.64 (±0.79) 36.68 (±0.62) 0.61 
MAP 81.66 (±27.03) 83.81 (±18.44) 0.21 83.10 (±27.87) 81.24 (±17.32) 0.47 
Hypertension 41.3 45.85 0.22 42.7 46.21 0.49 
Diabetes 43.79 34.39 0.01 41.95 38.62 0.51 
Renal insufficiency 39.44 16.34 <0.01 31.84 23.45 0.07 
cerebrovascular disease 10.25 10.49 0.92 11.24 11.72 0.88 
Pulmonary disease 23.91 18.54 0.08 22.1 19.31 0.51 
Prior myocardial infarction 68.78 55.59 <0.01 58.05 60 0.70 
Prior congestive heart failure 63.98 50 <0.01 61.8 55.86 0.24 
Myocardial infarction 47.2 60.49 <0.01 48.69 57.93 0.07 
Cardiogenic shock 41.61 31.71 <0.01 40.82 36.55 0.40 
Coronary bypass 22.98 35.37 <0.01 25.47 26.9 0.75 
Coronary angioplasty 21.12 20.49 0.84 21.72 23.45 0.69 
Ventilation 76.71 79.51 0.36 77.15 78.62 0.73 
CRRT 22.67 6.1 <0.01 14.98 11.03 0.27 
Platelet 211.82 (±114.86) 219.05 (±77.36) 0.33 220.20 (±118.90) 219.93 (±73.38) 0.98 
Neutrophil 10.52 (±6.47) 10.02 (±5.16) 0.26 10.76 (±6.69) 10.13 (±5.23) 0.34 
Lymphocytes 1.88 (±1.89) 1.94 (±1.39) 0.62 1.87 (±1.68) 1.73 (±1.32) 0.39 
Hemoglobin 10.81 (±2.27) 12.25±(2.02) <0.01 11.09 (±2.26) 11.52 (±2.06) 0.05 
Glucose 9.74 (±5.21) 9.61 (±5.14) 0.75 9.66 (±4.77) 9.69 (±4.89) 0.94 
Creatinine 180.35 (±140.46) 101.26 (±58.69) <0.01 147.93 (±106.18) 119.43 (±84.43) <0.01 
Urea nitrogen 36.77 (±21.84) 22.65 (±13.08) <0.01 32.19 (±18.83) 26.49 (±16.59) <0.01 

SAPS II, simplified acute physiology score II; MAP, mean arterial pressure; CRRT, continuous renal replacement therapy; RDW, red blood cell dis-
tribution width. 

Table 4 
Clinical outcomes of patients with IABP in the original and matched cohorts.  

Variables Entire cohort (n = 732) Matched cohort (n = 412) 

RDW ≥ 14.2 (410) RDW < 14.2 (322) RR P-value RDW ≥ 14.2 (267) RDW < 14.2 (145) RR P-value 

30-day mortality 35.4 12.44 1.35 <0.01 31.09 17.93 1.38 <0.01 
in-hospital mortality 38.82 13.66 1.38 <0.01 33.33 19.31 1.36 <0.01 
ICU LOS 5.01 (2.92–9.51) 3.19 (2.02–5.92) 9.96 <0.01 4.85 (2.87–8.66) 3.84 (2.09–6.72) 1.45 0.03 

Continuous variables are represented as median [IQR]; Categorical variables are represented as percentage. ICU LOS, length of intensive care unit stay 
(day). 
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Recent studies have documented that elevated RDW was related to worse prognosis in various diseases such as stroke [11], 
myocardial infarction [12], heart failure [13], and atrial fibrillation [14]. A study undertaken by Cemin et al., enrolling 1971 patients, 
showed that increased RDW values were associated with adverse myocardial infarction outcomes [15]. A recent meta-analysis carried 
out by Huang et al. also evinced that each 1% increase in baseline RDW was associated with a 10% increased risk of future mortality 
events in heart failure patients [13]. 

While the mechanisms underlying the relationship between high RDW and poor prognosis remain elusive, the findings of existing 
studies are consistent with our findings. Red blood cells transport oxygen and carbon dioxide between blood and tissues. Their ability 
to deform and flow through the vascular system is crucial. An earlier study reported that RDW values above 14.0% significantly limited 
red blood cell deformability, compromising microcirculation blood flow [16]. Hematologically, RDW can be used to assess red blood 
cell deformability. Of note, hypoxic conditions promote red blood cell production. A large number of studies have concluded that acute 
hypoxia can stimulate erythropoiesis, which, in turn, induces the generation of enlarged red blood cells, resulting in an increase in 
RDW [17]. Recently, RDW has been found to exacerbate outcomes in multiple respiratory diseases that share the common feature of 
arterial hypoxemia, further demonstrating the association between RDW and circulatory hypoxia [18,19]. It can be deduced that there 
is an intimate correlation between RDW and microcirculatory hypoxia, especially in patients suffering from the latter. In addition, 
RDW can partially reflect the degree of inflammation and is associated with severe systemic inflammatory response [20]. 

Prior research claimed that high RDW impacts the physical characteristics of blood flow, such as turbulence and the level of 
interaction between blood cellular components and the vascular endothelium, which in turn facilitates inflammation, thereby trig-
gering cytokine synthesis and thrombosis [21]. These mechanisms partly account for the fact that patients with high RDW tend to 
exhibit higher inflammatory responses and poorer outcomes. 

An elevated RDW is typically the result of increased or ineffective erythropoiesis and excessive fragmentation or destruction of 
RBCs [22]. The IABP procedure inevitably destroys red blood cells and alters hemodynamics through mechanical factors. Conse-
quently, high preoperative RDW may further drive body inflammatory response and hypoxia. Although related studies have explored 
the predictive role of various blood parameters prior to IABP on the prognosis of patients, no study has focused on RDW [6]. To the best 
of our knowledge, this is the first study to demonstrate the predictive value of RDW on all-cause mortality in patients undergoing IABP. 
RDW, as an effective biomarker, can be rapidly and easily obtained through preoperative laboratory tests performed before IABP. 
Ascribed to its cost-effectiveness, wide availability, and high prognostic value, RDW holds crucial implications for clinicians to swiftly 
assess patients after IABP. 

This study presents several strengths. Firstly, it included a large sample size of 732 patients from the MIMIC-IV database (version 
2.0), enhancing the credibility and persuasiveness of the results. Secondly, Propensity Score Matching (PSM) analysis was conducted to 
adjust for confounding factors. After PSM, the two groups were well-matched, and RDW retained its predictive significance. In the 
subgroup analysis, high Red Cell Distribution Width (RDW) was not found to be a significant risk factor for 30-day mortality in patients 
undergoing coronary artery bypass grafting or CRRT. However, in other subgroups, elevated RDW remained a significant predictor of 
increased 30-day mortality. This observation may reflect diverse responses of RDW to different therapeutic interventions or disease 
subtypes. For patients undergoing coronary artery bypass grafting or CRRT, the potential impact of other treatment interventions or 
disease-related factors may have masked the independent effect of RDW on mortality. Surgical procedures such as coronary artery 
bypass grafting and the use of CRRT can influence inflammatory states and erythropoiesis, complicating the association between RDW 
and mortality in these specific patient populations. Moreover, variations in sample sizes, baseline characteristics heterogeneity, and 
statistical power limitations across different subgroups may have contributed to our observed differences. To comprehensively un-
derstand the relationship between RDW and 30-day mortality, future studies may necessitate larger sample sizes, more detailed clinical 
data, and sophisticated statistical models. Although our findings indicate subgroup-specific differences, they do not dismiss the po-
tential impact of CABG or CRRT on the relationship between RDW and mortality. Further investigation is warranted to elucidate the 
underlying mechanisms through which these therapeutic interventions may modulate the association of RDW with mortality in 
distinct subgroups, providing more precise information for individualized treatment strategies. 

Nonetheless, this study has some limitations that cannot be overlooked. Firstly, it is a retrospective study, and as such, it cannot 
eliminate all potential confounding variables. Secondly, the data is derived from an existing database, leading to some critical in-
formation gaps. Caution should be exercised in interpreting the results, avoiding causal inferences, and recognizing the possibility of 
selection bias affecting the study. Additionally, as a single-center study, the possibility of selection bias cannot be excluded, warranting 
further validation of our results. Moreover, our analysis exclusively focused on the initial RDW value before IABP and did not consider 
the impact of dynamic fluctuations in RDW. Finally, our study did not involve mechanistic investigations, highlighting the need for 
more in-depth studies. 

5. Conclusion 

In summary, the current study indicated that RDW could be an independent risk factor for all-cause mortality in patients after IABP. 
Meanwhile, prospective multicenter studies are necessitated to verify our findings. 

Ethics approval and consent to participate 

Since the database contains randomized specific patient information, formal ethical approval was not necessary for this study. Our 
access to the database was approved by the institutional review boards of the Massachusetts Institute of Technology. The study adheres 
to medical ethics standards and complies with all clinical research ethical regulations related to the use of research data. Ethical review 
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(2001-P-001699/14) have both approved the use of this database for research purposes. The study protocol was approved by the 
Institutional Human Research Ethics Committees of the Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical 
University, and informed consent was not applicable given the nature of the retrospective study and the use of deidentified patient data 
extracted from public databases and no additional ethical review is required. 

Funding statement 

The design, collection, and analysis of the study were supported by The Zhejiang Provincial Natural Science Foundation of China 
(No: LY22H150004). 

Availability of data and materials 

The data incorporated in this study were obtained from the Medical Information Mart for Intensive Care IV (MIMIC-IV) Database 
(version 2.0), which was an open-access database and could be visited on the website after application: https://physionet.org/content/ 
mimiciv/2.0/. The data underlying this article will be shared on reasonable request to the corresponding author. 

Additional information 

No additional information is available for this paper. 

CRediT authorship contribution statement 

Zhongheng Jia: Writing – original draft. Can Jin: Investigation, Data curation. Da Pan: Investigation, Formal analysis, Data 
curation. Daqing Chen: Writing – review & editing, Validation, Supervision, Funding acquisition. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Abbreviations 

RDW Red blood cell distribution width 
IABP Intra-aortic balloon pumping 
ICU Intensive care unit 
ROC Receiver operating characteristic 
PSM Propensity score matching 
RBCs Red blood cells 
MIMIC-IV The Medical Information Mart for Intensive Care IV database 
SD Standard deviation 
IQR Interquartile range 
OR Odds ratio 
RCS Restricted cubic spline 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e27498. 

References 

[1] C. Kapelios, J. Terrovitis, J.J.C. Nanas, Current and future applications of the intra-aortic balloon pump, Curr. Opin. Cardiol. 29 (3) (2014) 258–265, https://doi. 
org/10.1097/hco.0000000000000059. 

[2] H. Parissis, V. Graham, S. Lampridis, M. Lau, G. Hooks, P.J.J. Mhandu, IABP: history-evolution-pathophysiology-indications: what we need to know, 
J. Cardiothorac. Surg. 11 (1) (2016) 122, https://doi.org/10.1186/s13019-016-0513-0. 

[3] L.X. van Nunen, M. Noc, N.K. Kapur, M.R. Patel, D. Perera, N.H. Pijls, Usefulness of intra-aortic balloon pump counterpulsation, Am. J. Cardiol. 117 (3) (2016) 
469–476, https://doi.org/10.1016/j.amjcard.2015.10.063. 

[4] R. Stretch, C. Sauer, D. Yuh, P.J.J. Bonde, National trends in the utilization of short-term mechanical circulatory support: incidence, outcomes, and cost analysis, 
J. Am. Coll. Cardiol. 64 (14) (2014) 1407–1415, https://doi.org/10.1016/j.jacc.2014.07.958. 

[5] J. Trost, L.J.T.A. Hillis, Intra-aortic balloon counterpulsation, Am. J. Cardiol. 97 (9) (2006) 1391–1398, https://doi.org/10.1016/j.amjcard.2005.11.070. 

Z. Jia et al.                                                                                                                                                                                                              

https://physionet.org/content/mimiciv/2.0/
https://physionet.org/content/mimiciv/2.0/
https://doi.org/10.1016/j.heliyon.2024.e27498
https://doi.org/10.1097/hco.0000000000000059
https://doi.org/10.1097/hco.0000000000000059
https://doi.org/10.1186/s13019-016-0513-0
https://doi.org/10.1016/j.amjcard.2015.10.063
https://doi.org/10.1016/j.jacc.2014.07.958
https://doi.org/10.1016/j.amjcard.2005.11.070


Heliyon 10 (2024) e27498

10

[6] W. Tong, J. Wang, J. Li, et al., Incidence, predictors, and prognosis of thrombocytopenia among patients undergoing intra-aortic balloon pumping in the 
intensive care unit: a propensity score analysis, J. Geriatr. Cardiol. 18 (2) (2021) 123–134, https://doi.org/10.11909/j.issn.1671-5411.2021.02.003. 

[7] G. Salvagno, F. Sanchis-Gomar, A. Picanza, G.J.C. Lippi, Red blood cell distribution width: a simple parameter with multiple clinical applications, Crit. Rev. Clin. 
Lab Sci. 52 (2) (2015) 86–105, https://doi.org/10.3109/10408363.2014.992064. 

[8] J. Wang, Q. Xiao, Y.J.I. Li, ΔRDW: a novel indicator with predictive value for the diagnosis and treatment of multiple diseases, Int. J. Gen. Med. 14 (2021) 
8667–8675, https://doi.org/10.2147/ijgm.S339945. 

[9] N. Li, H. Zhou, Q.J.D. Tang, Red blood cell distribution width: a novel predictive indicator for cardiovascular and cerebrovascular diseases, Dis. Markers 2017 
(2017) 7089493, https://doi.org/10.1155/2017/7089493. 

[10] A. Goldberger, L. Amaral, L. Glass, et al., PhysioBank, PhysioToolkit, and PhysioNet: components of a new research resource for complex physiologic signals, 
Circulation 101 (23) (2000) E215–E220, https://doi.org/10.1161/01.cir.101.23.e215. 

[11] A. Vayá, V. Hernández, L. Rivera, et al., Red blood cell distribution width in patients with cryptogenic stroke, 21(3), 2015, pp. 241–245, https://doi.org/ 
10.1177/1076029614547262. 

[12] R. Cemin, L. Donazzan, G. Lippi, F. Clari, M.J.C. Daves, Medicine l, Blood cells characteristics as determinants of acute myocardial infarction, 49(7), 2011, 
pp. 1231–1236, https://doi.org/10.1515/cclm.2011.183. 

[13] Y. Huang, Z. Hu, S. Liu, et al., Prognostic value of red blood cell distribution width for patients with heart failure: a systematic review and meta-analysis of 
cohort studies, 9(8), 2014 e104861, https://doi.org/10.1371/journal.pone.0104861. 

[14] H. Wan, Y. Yang, J. Zhu, et al., The relationship between elevated red cell distribution width and long-term outcomes among patients with atrial fibrillation, 48 
(12), 2015, pp. 762–767, https://doi.org/10.1016/j.clinbiochem.2015.06.001. 

[15] R. Cemin, L. Donazzan, G. Lippi, F. Clari, M.J.C. Daves, Medicine l, Blood cells characteristics as determinants of acute myocardial infarction, Clin. Chem. Lab. 
Med. 49 (7) (2011) 1231–1236, https://doi.org/10.1515/cclm.2011.183. 

[16] K. Patel, J. Mohanty, B. Kanapuru, et al., Association of the red cell distribution width with red blood cell deformability, Adv. Exp. Med. Biol. 765 (2013) 
211–216, https://doi.org/10.1007/978-1-4614-4989-8_29. 
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