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Objective: Red blood cell distribution width (RDW) on admission is a prognostic factor in 
cardiovascular disease. This study investigated the prognostic value of the RDW measured 
within 24 hours before discharge (24h dRDW) on 1-year all-cause mortality in critically ill 
patients with acute myocardial infarction (AMI), and compared the effect of 24h dRDW in 
anemia and non-anemia patients.
Materials and Methods: Altogether, 4088 patients with AMI were studied retrospectively. 
Data from the MIMIC-III database were collected and analyzed. The Kaplan–Meier method, 
Cox regression models, and receiver operating characteristic (ROC) analysis were used to 
assess the impact of 24h dRDW on all-cause mortality in AMI patients, and a stratified 
analysis was performed to investigate the prognostic value of 24h dRDW in anemia and non- 
anemia patients.
Results: Of the 4088 patients, there were 704 non-survivors (17.2%). The non-survivors had 
a higher RDW than the survivors (p<0.001). Cox regression analysis showed that 24h dRDW 
had a significant independent association with 1-year all-cause mortality in critically ill 
patients with AMI (quintile 5 vs quintile 1, HR, 95% CI: 2.847, 2.014–4.023). The area 
under the ROC curve of 24h dRDW was 0.710 (95% CI, 0.689–0.730). In the stratified 
analysis, a significant prognostic value of 24h dRDW was found in anemia patients for 
1-year all-cause mortality, but not in non-anemia patients.
Conclusion: Elevated 24h dRDW values are significantly associated with increased hazards 
of all-cause mortality in critically ill patients with AMI. Significant prognostic value of 24h 
dRDW was found in AMI patients with anemia, but not in those without anemia.
Keywords: acute myocardial infarction, anemia, prognostic factors, red blood cell 
distribution width, survival rate

Introduction
Red blood cell distribution width (RDW) is an indicator of the heterogeneity of red 
blood cell volume in the peripheral blood and is usually reported as part of the 
standard complete blood cell count. Combined with other parameters of the com-
plete blood cell count, RDW is used to identify hematological diseases. However, 
increasing numbers of studies have shown that high RDW also is an independent 
predictor of a poor prognosis in many diseases, including coronary heart disease,1,2 

heart failure,3,4 ischemic stroke,5 cardiogenic shock,6 and acute kidney injury.7 In 
addition, two recent reports have demonstrated the effectiveness of RDW in pre-
dicting postoperative damage to the central nervous system.8,9 Acute myocardial 
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infarction (AMI) is one of the most serious cardiovascular 
events and the main cause of hospitalization and death 
worldwide.10 Therefore, identifying sensitive risk factors 
that indicate a poor prognosis before discharge can help 
improve the risk stratification of patients who have been 
hospitalized and treated for an AMI, and better understand 
the high-risk population about to be discharged. This will 
ensure that those patients who have a high mortality risk 
after AMI will have a close follow-up and additional home 
care after discharge in an effort to reduce the mortality of 
AMI. However, previous studies focused on the prognosis 
of baseline RDW at admission.11 After hospitalization, 
whether RDW before discharge can be used to predict 
the mid-term prognosis of AMI patients and the efficiency 
of RDW in anemia and non-anemia patients merit further 
investigation.

Therefore, the purpose of this study was to investigate 
the relationship between the RDW measured within 24 
hours before discharge and the 1-year all-cause mortality 
in critically ill patients with AMI, and to compare the effect 
of RDW therein between anemia and non-anemia patients.

Materials and Methods
Data Collection
Data were extracted from the Medical Information Mart 
for Intensive Care (MIMIC-III). This public database on 
intensive care contains the health-related data of 53,423 
patients treated in the intensive care unit (ICU) at the Beth 
Israel Deaconess Medical Center in Boston, MS, USA, 
from 2001 to 2012, including demographics, laboratory 
tests, vital signs, and survival data. After removing patient 
identification information, all researchers had free access 
to the data and the data were available from the PhysioNet 
website (http://www.physionet.org).12 The use of the data-
base in this study was approved by the Institutional Ethics 
Committees of the Beth Israel Deaconess Medical Center 
and Massachusetts Institute of Technology (certification 
number 30165505). Requirement for individual patient 
consent was waived because the project did not impact 
clinical care and all protected health information was 
deidentified. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of Guangxi 
Medical University.

Case Inclusion Criteria
We restricted the search to adult patients (aged 18 years or 
above) with AMI using International Classification of 

Diseases- (ICD-) 9 code (codes from 410.00 to 410.92). 
Patients who met one or more of the following criteria 
were excluded from this study: (1) RDW not measured 
within 24 hours before discharge or more than 5% of 
personal data missing; (2) blood diseases, such as leuke-
mia and myelodysplastic syndrome; and (3) death during 
hospitalization or within 1 day after discharge.

Data Extraction
We used the MIMIC-III structured query option to extract 
the following parameters: age, sex, race, type of admis-
sion, marital status, body mass index, hospital days, length 
of ICU stay, complications, laboratory parameters, and 
patients’ scores for the Sequential Organ Failure 
Assessment (SOFA) and Simplified Acute Physiology 
Score II (SAPS II). The comorbidities included hyperten-
sion, diabetes, congestive heart failure, coagulopathy, liver 
disease, renal failure, obesity, alcohol abuse, drug abuse, 
mechanical ventilation, and sepsis. Laboratory parameters 
included white blood cell (WBC), platelet, hemoglobin, 
blood glucose, sodium, chloride, and potassium. We 
recorded the RDW measured within 24 hours before dis-
charge (24h dRDW) in AMI patients, and categorized in 
quintiles as <13.3%, 13.3%–14.0%, 14.0%–14.8%, 
14.8%–15.9%, and ≥15.9%.

Statistical Analysis
Continuous variables were reported as mean ± standard 
deviation (SD) or median (interquartile range [IQR]) and 
compared using the analysis of variance or the Kruskal– 
Wallis test. Categorical variables were reported as num-
bers and percentages and compared using chi-square test. 
We used the Kaplan-Meier method for survival analysis 
and the Log rank test to compare the survival rate among 
the groups. The relationship between the 24h dRDW 
before discharge and 1-year all-cause mortality of patients 
was investigated with Cox regression models. The results 
were expressed as the hazard ratio (HR) with the 95% 
confidence interval (CI). We adjusted for age, sex, ethni-
city, congestive heart failure, coagulopathy, renal failure, 
obesity, sepsis, platelet, hemoglobin, sodium, chloride, and 
potassium, SOFA and SAPS II, hospital length of stay 
(LOS), and ICU LOS. These confounding factors were 
selected based on their correlation with the all-cause mor-
tality of 24h dRDW or a change in effect estimate of 
>10%.13 The receiver operating characteristic (ROC) 
curve analysis was performed to investigate the prognostic 
value of the 24h dRDW. The prognostic value of the 24h 

https://doi.org/10.2147/IJGM.S345109                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 466

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.physionet.org
https://www.dovepress.com
https://www.dovepress.com


dRDW was compared with the SOFA and SAPS II scores 
with the DeLong test. Because the RDW value can be 
affected by anemia, a stratified analysis was further per-
formed to detect whether the value of 24h dRDW for 
survival prediction was different in patients with and with-
out anemia. Anemia was defined by Hb <13 g/dL for men 
and Hb <12 g/dL for women, in accordance with the 
World Health Organization criteria.14 P < 0.05 was con-
sidered statistically significant. IBM SPSS Statistics for 
Windows, version 25.0 (IBM Corp., Armonk, NY, USA) 
was used for the statistical analysis, and graphs were 
generated with Prism, version 8.0 (GraphPad Software, 
San Diego, CA, USA).

Results
Patient Characteristics
A total of 4088 AMI patients were studied, including 1526 
(37.3%) females and 2562 (62.7%) males. The median age 
was 70.7 years (IQR: 60.0–80.5 years), and the majority of 
patients were Caucasian (69.0%). The total number of 
deaths was 704 (17.2%). The most common comorbidities 
were hypertension (64.3%), congestive heart failure 
(46.8%) and mechanical ventilation (46.6%). The 24h 
dRDW of non-survivors was higher than that of survivors 
(median 15.5%; IQR 14.4%-16.8%, vs median 14.2%; 
IQR 13.4%-15.3%, p < 0.001). The characteristics of 
patients stratified according to 24h dRDW levels are 
shown in Table 1. Factors that significantly differed 
between the stratified groups included age, sex, congestive 
heart failure, coagulopathy, liver disease, renal failure, 
alcohol abuse, mechanical ventilation, sepsis, WBC, 
hemoglobin, Sodium, SOFA, SAPSII, hospital LOS, ICU 
LOS, and 1-year mortality.

Relationship Between 24-Hour RDW 
Before Discharge and 1-Year All-Cause 
Mortality in Patients with AMI
The Kaplan-Meier curve analysis showed that the 1-year 
all-cause mortality increases with the increase in the 24h 
dRDW quintiles (Log rank test, P < 0.001) (Figure 1). The 
results of the Cox regression analysis of the relationship 
between 24h dRDW and 1-year all-cause mortality are 
shown in Table 2. After adjusting for age, sex, ethnicity, 
congestive heart failure, coagulation disorder, renal failure, 
obesity, sepsis, platelet, hemoglobin, sodium, chloride, 
potassium, SOFA, SAPSII, hospital LOS, ICU LOS, and 
the 24h dRDW was an independent predictor of 1-year all- 

cause mortality, the HRs and 95% CIs (quintile 4 and 
quintile 5 vs quintile 1) were 1.874 (1.326, 2.649) and 
2.847 (2.014, 4.023), respectively.

Mortality Prediction
The ROC curves were generated using indicator variables 
(24h dRDW and SOFA and SAPS II scores) to predict 
1-year all-cause mortality, as shown in Figure 2. The area 
under the curve (AUC) of the 24h dRDW, SOFA, and 
SAPS II were 0.710, 0.639, and 0.703, respectively. The 
AUC of the 24h dRDW was significantly larger than that 
of the SOFA score (DeLong test, P < 0.001). No signifi-
cant difference was found between the AUC of the 24h 
dRDW and that of the SAPS II score. The optimal cutoff 
value of 24h dRDW was 14.65%, with a sensitivity of 
71.3% and a specificity of 62.1%.

Stratified Analysis for Anemia
In the stratified analysis, the 24h dRDW was significantly 
higher in patients with anemia than in patients without 
anemia (median 14.6%; IQR 13.6–15.7, vs median 
13.5%; IQR 13.0–14.2, P < 0.001). A significant prognos-
tic value of 24h dRDW was found in the anemia patients 
for 1-year all-cause mortality, but not in the non-anemia 
patients. (Table 3) The anemia patients with a higher 24h 
dRDW had a higher mortality rate than those with a lower 
24h dRDW; the adjusted HRs and 95% CIs (quintile 4 and 
quintile 5 vs quintile 1) were 2.243 (1.732, 2.905) and 
4.070 (3.203, 5.171), respectively (Table 3).

Discussion
We found that the 24h dRDW of critically ill patients with 
AMI who died within 1 year after ICU discharge was sig-
nificantly higher than that of survivors. A higher 24h dRDW 
was associated with increased 1-year all-cause mortality in 
these patients. After adjusting for confounding factors, 24h 
dRDW remained an independent predictor of 1-year all- 
cause mortality in critically ill patients with AMI. In the 
stratified analysis, a significant prognostic value of 24h 
dRDW was found in the anemia patients for 1-year all- 
cause mortality, but not in the non-anemia patients. The 
anemia patients with a higher 24h dRDW had a higher mor-
tality rate than those with a lower 24h dRDW.

The RDW is a parameter that is commonly used to 
evaluate anemia and inflammation in the clinic. In recent 
years, increasing attention has been paid to the relationship 
between RDW and cardiovascular disease. In the current 
study, we retrospectively analyzed the relationship between 
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Table 1 Comparison of Clinical Characteristics Among Patients with Different 24h dRDW Levels

24h dRDW (%)

<13.3 13.3–14.0 14.0–14.8 14.8–15.9 ≥15.9 P value

Clinical parameters, n 744 796 870 831 847

Age, year 62.7 (54.2–74.9) 66.9 (57.2–78.2) 72.2 (61.9–81.0) 74.9 (65.2–82.5) 73.4 (64.1–81.6) <0.001

Sex, n (%) <0.001

Male 550 (73.9) 536 (67.3) 547 (62.9) 465 (56.0) 464 (54.8)

Female 194 (26.1) 260 (32.7) 323 (37.1) 366 (44.0) 383 (45.2)

Ethnicity, n (%) 0.001

White 478 (64.2) 536 (67.3) 624 (71.7) 567 (68.2) 617 (72.8)

Non-white 266 (35.8) 260 (32.7) 246 (28.3) 264 (31.8) 230 (27.2)

Comorbidities, n (%)

Hypertension 434 (58.3) 497 (62.4) 572 (65.7) 557 (67.0) 569 (67.2) 0.001

Diabetes 157 (21.1) 200 (25.1) 222 (25.5) 240 (28.9) 224 (26.4) 0.011

Congestive heart failure 207 (27.8) 280 (35.2) 430 (49.4) 464 (55.8) 534 (63.0) <0.001

Coagulopathy 17 (2.3) 36 (4.5) 58 (6.7) 90 (10.8) 125 (14.8) <0.001

Liver disease 1 (0.1) 13 (1.6) 7 (0.8) 24 (2.9) 49 (5.8) <0.001

Renal failure 27 (3.6) 68 (8.5) 107 (12.3) 194 (23.3) 314 (37.1) <0.001

Obesity 25 (3.4) 32 (4.0) 40 (4.6) 40 (4.8) 54 (6.4) 0.056

Alcohol abuse 37 (5.0) 23 (2.9) 11 (1.3) 20 (2.4) 31 (3.7) <0.001

Drug abuse 15 (2.0) 9 (1.1) 12 (1.4) 11 (1.3) 17 (2.0) 0.472

Sepsis 75 (10.1) 124 (15.6) 193 (22.2) 296 (35.6) 354 (41.8) <0.001

Mechanical ventilation 214 (28.8) 331 (41.6) 470 (54.0) 470 (56.6) 422 (49.8) <0.001

Laboratory parameters

WBC, 109 /L 10.2 (8.4–12.8) 10.7 (8.5–13.0) 10.5 (8.3–13.1) 10.1 (7.9–12.9) 9.7 (7.5–12.8) <0.001

Platelet, 109 /L 204.0 (166.0–251.0) 200.0 (160.0–250.0) 208.0 (158.0–270.0) 196.0 (143.0–266.0) 208.0 (142.0–293.0) 0.121

Hemoglobin, g/dl 11.7±1.8 11.1 ±1.8 10.8 ±1.7 10.3 ±1.4 9.9 ±1.2 <0.001

Glucose, mg/dl 121.0 (104.0–151.0) 124.0 (107.0–154.0) 124.0 (105.0–152.0) 123.0 (103.0–150.0) 121.0 (102.0–157.0) 0.125

Sodium, mmol/l 138.7 ±2.9 138.5±3.5 138.6 ±3.6 139.2 ±4.1 139.4 ±4.5 <0.001

Chloride, mmol/l 104.4 ±3.8 104.4±4.2 104.1 ±4.6 104.5 ±5.5 104.2 ±6.1 0.394

Potassium, mmol/l 4.3± 0.6 4.2±0.5 4.3 ±0.6 4.2 ±0.6 4.2± 0.6 0.188

Scoring systems

SOFA 2 (1–3) 3 (1–4) 3 (2–5) 4 (2–7) 5 (3–7) <0.001

SAPSII 26 (20–34) 31 (24–38) 34 (28–42) 38 (31–47) 40 (33–49) <0.001

Hospital LOS, day 4 (3–7) 6 (3–9) 8 (5–12) 9 (6–15) 11 (7–18) <0.001

ICU LOS, day 2 (1–3) 2 (1–3) 3 (1–5) 3 (2–6) 4 (2–7) <0.001

1-year mortality, n (%) 43 (5.8) 73 (9.2) 109 (12.5) 187 (22.5) 292 (34.5) <0.001

Notes: Continuous covariates are reported as median (interquartile range), and categorical variables as n (%). p value is for the comparison of patients with different 24h dRDW levels, using the Kruskal–Wallis test for continuous 
variables and Chi-squared test for categorical variables. 
Abbreviations: ICU, intensive care unit; LOS, length of stay; RDW, red cell distribution width; SOFA, sequential organ failure assessment; SAPS II, simplified acute physiology score II; WBC, white blood cell.
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the 24h dRDW and 1-year all-cause mortality in critically ill 
patients with AMI. Different from previous studies focusing 
on the baseline RDW on admission, the RDW we studied 
was measured within 24 hours before discharge; thus, 
patients with a high risk of subsequent adverse outcomes 
may benefit from more intensive follow-up regimens in the 
outpatient clinic and at rehabilitation. Previous studies on 

the relationship between baseline RDW on admission and 
patients with ST-elevation myocardial infarction showed 
that RDW is a marker with a very low prognostic accuracy 
and does not seem to be clinically helpful.11 Different from 
previous studies, The predictive ability of 24h dRDW was 
found to be significantly better than the traditional SOFA 
scoring system in our study. This inconsistency may be due 
to the differences in sample size and selection of subjects on 
the one hand, and the timing of RDW measurement on the 
other hand. The timing of the RDW measurement may 
affect the prognostic value of the RDW in AMI patients 
and its practical application in risk stratification. The impor-
tance of the timing of measurements was also acknowl-
edged in a previous study on the relationship between 
hemoglobin and prognosis.15 The controversy regarding 
whether low hemoglobin presents a risk factor for a poor 
prognosis in AMI patients stems from the different times at 
which hemoglobin levels were measured in studies. 
Therefore, if the RDW is to be used to predict mortality, 
the exact time when the RDW has to be measured should be 
defined.

Anemia is an independent predictor of adverse cardio-
vascular events, bleeding, and mortality in patients with 
acute heart disease.16–18 In our study, we found that the 
association between 24h dRDW and 1-year all-cause mortal-
ity was influenced by the presence or absence of anemia, as 
evidenced by the significant statistical interaction term on 
multivariable Cox regression. Anemia patients with a higher 
24h dRDW had a higher mortality rate than those with 
a lower 24h dRDW, implying an association between myo-
cardial dysfunction and these hematologic abnormalities. 
Moreover, anemia is common among acutely ill cardiac 

Figure 1 Kaplan-Meier curve for 1-year all-cause mortality of critically ill patients 
with acute myocardial infarction (AMI) according to quintile of 24h dRDW.

Table 2 HRs (95% CIs) for All-Cause Mortality Among Patient 
Groups Stratified by the 24h dRDW Levels

Multivariate 
Analysis HR

95% CI P value

Age 1.041 1.032–1.049 <0.001
Sex, male 1.008 0.863–1.177 0.921

Ethnicity 1.050 0.888–1.242 0.565

Congestive heart 
failure

1.586 1.337–1.882 <0.001

Coagulopathy 1.034 0.811–1.319 0.787

Renal failure 1.176 0.985–1.403 0.072
Obesity 0.607 0.395–0.935 0.023

Sepsis 1.314 1.107–1.560 0.002

Platelet 1.000 0.999–1.000 0.291
Hemoglobin 0.950 0.898–1.005 0.072

Sodium 1.063 1.038–1.090 <0.001

Chloride 0.951 0.932–0.969 <0.001
Potassium 1.042 0.925–1.174 0.499

SOFA 1.002 0.963–1.042 0.938

SAPSII 1.012 1.002–1.201 0.016
Hospital LOS 1.008 0.999–1.018 0.094

ICU LOS 1.016 1.004–1.029 0.010

24h dRDW
<13.3 1.00 (ref)

13.3–14.0 1.221 0.836–1.785 0.301

14.0–14.8 1.282 0.895–1.837 0.175
14.8–15.9 1.874 1.326–2.649 <0.001

≥15.9 2.847 2.014–4.023 <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; SOFA, sequential organ 
failure assessment; SAPS II, simplified acute physiology score II; LOS, length of stay; 
ICU, intensive care unit; RDW, red cell distribution width.

Figure 2 Receiver operating curve (ROC) analyses of predictors of critically ill 
patients with acute myocardial infarction (AMI).
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patients.19 Our findings emphasize the importance of easily- 
available hematologic laboratory data for the risk stratifica-
tion of anemic AMI patients, and highlight the interactions 
between hematologic abnormalities and acute cardiovascular 
disease outcomes.

Previous studies have found that RDW is associated with 
a poor prognosis of cardiovascular diseases, metabolic dis-
eases, and acute and chronic diseases,3,20,21 but the underlying 
mechanism linking RDW with poor prognosis is not well 
understood. We believe that the RDW can be used to predict 
the prognosis of AMI patients because it reflects the level of 
inflammation. An inflammatory reaction has been shown to 
play an important role in the occurrence and development of 
AMI.22 When an inflammatory reaction occurs, iron metabo-
lism, bone marrow function, and red blood cell proliferation 
and maturation are impaired, red blood cell production is 
ineffective, and the RDW is increased.23 When RDW levels 
exceed 14%, the deformability of red blood cells in 
microvessels24 and, therewith, perfusion decreases, resulting 
in the disturbance of the microcirculation.25,26 However, 
further studies are needed to better describe the mechanisms 
underlying the association between a high RDW and a poor 
prognosis of AMI patients as well as the clinical impact of 
using RDW measurements. One example in this context is 
whether RDW has any therapeutic value in addition to its 
prognostic value.

Our results should be interpreted within the limitations of 
this study. First of all, this was a single-center retrospective 
cohort study, which is easily affected by a bias in the study 
population selection. Second, due to the lack of data on some 
prognostic factors in the MIMIC-III database, for example, 
cardiac troponin, we could not assess whether the prognostic 
value of the 24h dRDW is independent of these established 
prognostic factors. Third, this study only studied the 24h 
dRDW. We hypothesize that if the RDW is dynamically 

monitored during the entire hospitalization period, it may 
prove to be an even more significant parameter. Lastly, it is 
worth noting that this study only included AMI patients who 
were treated in the ICU, and it is not clear whether our 
findings can be extended to AMI patients in cardiology or 
emergency departments. Therefore, a multicenter prospective 
study is needed to determine the relationship between the 24h 
dRDW and mortality in a larger population regardless of ICU 
treatment.

Conclusions
Elevated 24h dRDW values are significantly associated with 
increased hazards of 1-year all-cause mortality in the anemic 
AMI patients, but not in the non-anemic AMI patients. This 
result indicates that 24h dRDW is a readily available and 
inexpensive laboratory biomarker, and may be a promising 
prognostic clinical variable for risk stratification in anemic 
AMI patients. However, more studies are needed to confirm 
the present findings in different and larger AMI cohorts.
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