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ABSTRACT
Objective: Red cell distribution width (RDW) has been reported to be a predictor of cardiac events in coronary artery disease (CAD). Here, we 
hypothesized that RDW level on admission would be predictive of adverse outcomes in non-ST elevation acute coronary syndrome (NST-ACS).
Methods: In total, 202 patients with NST-ACS (159 males and 43 females) were retrospectively analyzed. The patients were divided into two 
groups based on the 50th percentile of admission RDW levels. A high RDW group (n=100) was defined as those patients having RDW levels of 
>14.0. The relationship between RDW and primary endpoint (cardiovascular death), secondary endpoints [(reinfarction, repeat target vessel 
revascularization-percutaneous/surgical)], and major adverse cardiac events (MACE) were assessed. The median follow-up time was 18 
(13-24) months.
Results: The patients in the high RDW group were older (62.9 vs. 57.5, p=0.001). Multivessel disease, low-density lipoprotein, creatinine, platelet, 
CK-MB, troponin I, and RDW were higher (p=0.047, p=0.003, p=0.012, p=0.012, p=0.017, p<0.001, respectively), and gender (male/female), ejection 
fraction, and hemoglobin levels were lower (p=0.021, p=0.04, p=0.016, respectively) in the high RDW group. Cardiovascular death and MACE 
were higher in the high RDW group (16% vs. 4.9%, p=0.01, 52% vs. 31.4%, p=0.003, respectively). By multiple regression analysis in 202 patients, 
age ≥65 and RDW >14.0% on admission were found to be powerful independent predictors of cardiovascular mortality (OR: 4.5, 95% CI: 1.5-13.1, 
p=0.005, OR: 3.0, 95% CI: 1.0-8.9, p=0.039, respectively).
Conclusion: A high RDW level on admission is associated with increased long-term mortality in patients with NST-ACS.
(Anatol J Cardiol 2015; 15: 634-9)
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Relationship between red cell distribution width and long-term 
mortality in patients with non-ST elevation acute coronary syndrome

Introduction

Acute coronary syndrome (ACS) is a significant cause of 
morbidity and mortality in patients with coronary heart disease in 
occidental countries. It is important to identify high-risk patients 
with ACS to determine who should be treated immediately. Red 
cell distribution width (RDW), a measurement of the variability 
and size of erythrocytes, can be easily measured during routine 
complete blood count (CBC). The relationship between RDW and 
coronary artery disease (CAD), heart failure (HF), and stroke has 
been found in recent studies (1-3). High RDW levels are associ-
ated with adverse outcomes in patients with ST elevation myo-
cardial infarction (STEMI) and HF (2, 4). The relationship of RDW 
with adverse outcomes in these patients is not completely under-
stood. Inflammation and neurohormonal and adrenergic system 

activation may bring about changes in red blood cell maturation 
by disturbing the red cell membrane, thereby leading to increased 
RDW (5-7). A correlation between RDW and inflammatory mark-
ers has also been reported (8). This study aimed to test the 
hypothesis that higher RDW levels at admission would be predic-
tive of adverse outcomes in patients with non-ST elevation acute 
coronary syndrome (NST-ACS).

Methods

Study design
Patients with ACS who were admitted to the coronary care 

unit of Education and Research Hospital of Çanakkale Onsekiz 
Mart University between January 2011 and May 2012 were ret-
rospectively evaluated in this study.



Study population
Patients with ACS defined as unstable angina (UA) and non-

STEMI (NSTEMI). Patients with anemia (hemoglobin <13 gr/dL 
for men, <12 gr/dL for women), renal insufficiency (glomerular 
filtration rate <90 mL/min/1.73 m2 according to the Modification 
of Diet in Renal Disease formula), clinical evidence of cancer, 
active infection, hematological proliferative diseases, active or 
chronic inflammatory or autoimmune diseases, pregnancy, 
recent blood transfusion, and a history of chronic obstructive 
pulmonary disease (COPD) were excluded from the study. There 
were 66 patients who were excluded from the final analysis: 20 
with anemia, 15 with renal insufficiency, 15 with COPD, 11 with 
active infection, and 5 with recent blood transfusion. Therefore, 
a total of 202 patients diagnosed with NST-ACS were included in 
the analysis. The study protocol was approved by the local 
Ethics Committee of our hospital.

Study protocol
The study population was divided into two groups based on 

the 50th percentile of admission RDW values. A high RDW group 
(n=100) and a low RDW group (n=102) were defined as having 
RDW levels of >14.0 and ≤14.0, respectively. Complete blood 
counts and biochemical values were evaluated retrospectively 
from blood samples obtained by antecubital vein puncture upon 
admission to the emergency department. Transthoracic echo-
cardiography was performed on each patient immediately in the 
coronary care unit. Angiographic data of the patients were 
evaluated from catheter laboratory records.

Study variables
The diagnosis of ACS was based on the criteria of the Joint 

European Society of Cardiology/American College of Cardiology 
Foundation/American Heart Association/Word Heart Federation 
Task definition (9). UA was diagnosed according to the following 
criteria: typical chest pain and/or electrocardiographic changes 
indicating myocardial ischemia with negative cardiac enzymes. 
An NSTEMI diagnosis was based on elevated cardiac enzymes 
with typical chest pain and/or electrocardiographic changes 
suggestive of myocardial ischemia. Typical chest pain was 
evaluated as follows: more than 20 minutes (min) in duration, 
new-onset angina, and an increase in its frequency and duration 
or severity. Demographic information, cardiovascular history, 
and risk factors [i.e., smoking, hypertension (HT), and diabetes 
mellitus (DM)] were obtained from the patients’ medical records. 
Patients who had been treated with antihypertensive drugs or 
those whose baseline blood pressure exceeded 140/90 mm Hg 
were diagnosed with HT (10). Patients with DM were defined as 
being prediagnosed and/or being antidiabetic medications or 
newly diagnosed if fasting plasma glucose was ≥126 mg/dL or 
blood glucose was ≥200 mg/dL at any time (11).

Analysis of blood samples
CBCs and biochemical values were retrospectively evaluat-

ed from blood samples obtained by antecubital vein puncture 

upon admission to the emergency department. The hemogram 
parameters and other biochemical measurements were deter-
mined using standard biochemical techniques with the Beckman 
Coulter LH 780 (Beckman Coulter Ireland Inc. Mervue, Galway, 
Ireland) device in the hematology laboratory of our institution. 

Echocardiography
Transthoracic echocardiography was performed on each 

patient immediately in the coronary care unit. All measurements 
were performed using a commercially available machine (Vivid 
7®, GE Vingmed Ultrasound A/S, Horten, Norway) with a 3.5-
MHz transducer. Simpson’s method was used to assess the left 
ventricular ejection fraction (LVEF), as recommended by the 
American Society of Echocardiography (12).

Coronary angiography
All patients underwent a coronary angiography by the femo-

ral approach using the standard Judkins technique. Iopromide 
as a contrast agent (Ultravist-370, Bayer Schering Pharma, 
Germany) and a 6 F diagnostic catheter were used in all sub-
jects. Diameter stenosis ≥70% with quantitative angiography 
was accepted as significant. The extent and severity of CAD 
were assessed by the Gensini score (13).

Follow-up
Follow-up data were obtained by interviewing (directly or by 

telephone) patients, their families, or their personal physicians. 
The median follow-up time was 18 (13-24) months. The primary 
endpoint was defined as cardiovascular death (CVD), and sec-
ondary endpoints were defined as reinfarction and repeat target 
vessel revascularization (percutaneous or surgical). Death was 
classified as cardiac death if the primary cause was related to 
myocardial infarction (MI), arrhythmia, refractory congestive HF, 
or sudden death. Reinfarction was defined as ischemic pain or 
other symptoms consistent with acute cardiac ischemia persist-
ing until relieved by analgesia or nitrates, accompanied by new 
electrocardiographic changes in the territory of the initial event. 
These features had to be accompanied by new elevation of 
creatine kinase or other markers of cardiac necrosis to more 
than the upper limit of normal an increase to a value of 50% 
greater than the previous value (14). Major adverse cardiac 
events (MACE) included both defined primary and secondary 
endpoints.

Statistical analysis
All statistical analyses were performed using the SPSS pro-

gram (version 17.0, SPSS, Chicago, IL, USA). Quantitative vari-
ables were expressed as the median (min-max), and qualitative 
variables were expressed as percentages (%). All measurements 
were evaluated with the Kolmogorov-Smirnov test. A comparison 
of continuous numeric values between groups was performed 
using the Mann-Whitney U or student t-test. Categorical vari-
ables were compared by the χ2 test or Fisher’s exact test. 
A multiple regression analysis, which included variables with 
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p<0.1 in the univariate analysis, was performed to identify inde-
pendent predictors of long-term cardiovascular mortality. Age 
≥65, RDW >14%, and LVEF <50% were entered into the model. A 
receiver operating characteristic (ROC) curve analysis was 
applied for the relationship between RDW and mortality. A p 
value of <0.05 was considered significant.

Results

A total of 202 patients (159 men and 43 women) were 
enrolled in this study. Table 1 demonstrates the baseline charac-
teristics and laboratory findings of the groups.

The patients in the high RDW group were older (mean age: 
62.9±11.1 years) compared with those in the low RDW group 
(mean age: 57.5±11.8 years) (p=0.001). Compared with the low 
RDW group, gender (male/female), LVEF, and hemoglobin levels 
were significantly lower (p=0.021, p=0.04, p=0.016, respectively) 
in the high RDW group (Table 1). Compared with the low RDW 
group, multivessel disease, LDL, creatinine, platelet levels, cre-
atine kinase-MB, troponin I, and RDW were significantly higher 
in the high RDW group (p=0.02, p=0.047, p=0.003, p=0.012, 
p=0.012, p=0.017, p<0.001, respectively; Table 1). Additionally, 
CVD and re-infarction were significantly higher in the high RDW 
group (p=0.01 and p=0.03, respectively). MACE were increased 
in the high RDW group (52% vs. 31.4%, p=0.003), but there were 
no significant differences between PCI and CABG between the 
groups (Table 2).

In the subgroup analysis of the study patients according to 
CVD, the patients in the CVD(+) group were older than those in 
the CVD(-) group (p=0.005). LVEF and lymphocyte levels were 
significantly lower (p=0.045, p=0.009, respectively) and RDW 
was significantly higher in the CVD(+) group (p<0.001). Table 3 
demonstrates the characteristics and laboratory findings of the 
CVD(+) and CVD(-) groups. Independent predictors of CVD were 
determined by using multiple regression analysis. The variables 
age ≥65, LVEF <50%, and an RDW of >14% were found to be 
associated with CVD. Age ≥65 and an RDW of >14% (odds ratio: 
4.5, 95% confidence interval: 1.5-13.1, p=0.005, odds ratio: 3.0, 
95% confidence interval: 1.0-8.9, p=0.039, respectively) were 

 Low RDW High RDW 
 (≤14.0) (>14.0) 
Variable n=102 n=100 P

Gender (M/F) 87/15 72/28 0.021

Age, years 57.5±11.8 62.9±11.1 0.001

Heart rate, bpm 77±12 79±13 0.242

Body mass index, kg/m2 27.3±3.8 27.3±4 0.997

Hypertension % (n) 44.1 (45) 56.0 (56) 0.091

Diabetes mellitus % (n) 26.5 (27) 29 (29) 0.688

Current smoker % (n) 46.1 (47) 40 (40) 0.383

Previous MI % (n) 6.9 (7) 12 (12) 0.211

Previous CABG % (n) 0 (0) 2 (2) 0.151

Previous PCI % (n) 17.6 (18) 12.0 (12) 0.259

Non-ST elevation MI % (n) 56.9 (58) 66.0 (66) 0.182

Number of diseased vessel 
% (n)   0.02

1 46.1 (47)* 30 (30)*

2 34.3 (35) 35 (35)

3 19.6 (20)* 35 (35)*

Culprit lesion % (n)   0.562

LAD 39.2 (40) 41 (41)

Cx 31.4 (32) 36 (36)

RCA 29.4 (30) 23 (23)

Ejection fraction (%) 55 (25-65) 50 (25-65) 0.04

Gensini score 38.5 (8-101) 33 (8-112) 0.200

Total cholesterol, mg/dL 183.9 201.4 0.066 
 (92.8-370.2) (99-613)

Low-density lipoprotein, 118.0 (35-312) 127 (39-246) 0.047 
mg/dL

High-density lipoprotein, 41 (30-95) 40 (26-98) 0.741 
mg/dL

Triglyceride, mg/dL 117 (35-1024) 116 (32-1950) 0.657

Creatinine, mg/dL 0.7 (0.46-0.96) 0.75 (0.6-0.97) 0.003

Hemoglobin, gr/dL 14 (12-17.1) 13.5 (12-17.3) 0.016

Mean platelet volume, fL 8.5 (6.4-11) 8.6 (6.3-10.5) 0.900

Platelet, 103/mm3 214 (132-501) 244 (79-432) 0.012

White blood cell, 103/mm3 8.8 (4.6-17.4) 9.8 (4-19) 0.141

Neutrophil, 103/mm3 5.6 (2.8-15) 6.2 (1.3-15.5) 0.165

Lymphocyte, 103/mm3 2.2 (0.5-5.3) 2.2 (0.5-12.2) 0.726

Creatine kinase-MB, ng/mL 26 (7-180) 32.5 (9-252) 0.012

Troponin I, ng/dL 0.85 (0-67) 2.75 (0-50) 0.017

Red cell distribution width, % 13.3 (12.3-14) 14.8 (14.1-18.7) <0.001
*; statistically significant. CABG - coronary artery bypass graft; Cx - circumflex; LAD - left 
anterior descending; MI - myocardial infarction; PCI - percutaneous coronary intervention; 
RCA - right coronary artery

Table 1. The baseline characteristics and laboratory findings of 
patients with low and high RDW

 Low RDW High RDW 
 (≤14.0) (>14.0) 
Variable n=102 n=100 P

Primary endpoints

CVD % (n) 4.9 (5) 16 (16) 0.01

Secondary endpoints

Reinfarction % (n) 7.8 (8) 18 (18) 0.03

PCI % (n) 21.6 (22) 31 (31) 0.128

CABG % (n) 7.8 (8) 14 (14) 0.160

MACE % (n) 31.4 (32) 52 (52) 0.003
CABG - coronary artery bypass graft; CVD - cardiovascular death; MACE - major adverse 
cardiac events; PCI - percutaneous coronary intervention; RDW - red cell distribution width

Table 2. Primary and secondary endpoints with low and high RDW groups
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found to be independent predictors of CVD in the multiple 
regression analyses (Table 4). The receiver operating character-
istic (ROC) curve analysis is shown in Figure 1. According to the 
ROC analysis, the optimal cut-off value of RDW to predict CVD 

was >14.0%, with 76% sensitivity and 54% specificity (area 
under the curve: 0.779, p<0.001).

Discussion

Our study results demonstrate that an elevated baseline 
RDW level is independently associated with increased long-
term mortality in patients with NST-ACS. RDW, an indicator of 
the variability of circulating RBC size, is often used to diagnose 
different types of anemia. Recent studies have reported relation-
ships between RDW and CAD, HF, and stroke (1-3). Felker et al. 
(15) and Uyarel et al. (4) reported that high RDW levels were 

 CVD (-), CVD (+), 
Variable n=181 n=21 P

Gender, M/F 143/38 16/5 0.765

Age, years 56.3±11.5 66.9±12 0.005

Heart rate, bpm 78±13 66±12 0.887

Body mass index, kg/m2 27.1±3.8 28.3±4.4 0.187

Hypertension % (n) 50.8 (92) 42.9 (9) 0.489

Diabetes mellitus % (n) 26.0 (47) 42.9 (9) 0.102

Current smoker % (n) 44.2 (80) 33.3 (7) 0.341

Previous MI % (n) 9.4 (17) 9.5 (2) 0.984

Previous CABG % (n) 0.6 (1) 4.8 (1) 0.065

Previous PCI % (n) 15.5 (28) 9.5 (2) 0.468

Non-ST elevation MI % (n) 60.2 (109) 71.4 (15) 0.318

Number of diseased vessels % (n)   0.752

1 38.1 (69) 38.1 (8)

2 35.4 (64) 28.6 (6)

3 26.5 (48) 33.3 (7)

Culprit lesion % (n)   0.899

LAD 40.3 (73) 38.1 (8)

Cx 33.1 (60) 38.1 (8)

RCA 26.5 (48) 23.8 (5)

Ejection fraction (%) 55 (25-65) 45 (25-65) 0.045

Gensini score 36 (8-101) 39 (10-112) 0.275

Total cholesterol, mg/dL 195 (97-613) 177 (92-281) 0.05

Low-density lipoprotein, mg/dL 120 (35-312) 109 (51-224) 0.126

High-density lipoprotein, mg/dL 40 (24-98) 38 (30-78) 0.502

Triglyceride, mg/dL 117 (35-1950) 112 (32-440) 0.316

Creatinine, mg/dL 0.7 (0.46-0.97) 0.7 (0.7-0.92) 0.738

Hemoglobin, gr/dL 13.7 (12-17.3) 13.3 (12-15) 0.168

Mean platelet volume, fL 8.6 (6.3-11) 8.8 (6.8-10.2) 0.712

Platelet, 103/mm3 236 (79-501) 228 (143-351) 0.276

White blood cell, 103/mm3 9.4 (4-17.4) 9.1 (4.8-19) 0.328

Neutrophil, 103/mm3 5.7 (1.3-15.2) 6.6 (3.2-15.5) 0.696

Lymphocyte, 103/mm3 2.2 (0.5-12.2) 1.8 (0.8-8.3) 0.009

Creatine kinase-MB, ng/mL 28 (7-252) 29 (12-118) 0.218

Troponin I, ng/dL 1.5 (0-67) 5.7 (0-38.8) 0.139

Red cell distribution width (%) 13.9 (12.3-18.5) 16 (12.6-18.7) <0.001
CABG - coronary artery bypass graft; Cx - circumflex; CVD - cardiovascular death; 
LAD - left anterior descending; MI - myocardial infarction; PCI - percutaneous coronary 
intervention; RCA - right coronary artery

Table 3. The baseline characteristics and laboratory findings of patients 
with or without cardiovascular death

 Unadjusted Adjusted*

Variable OR (95% CI) P OR (95% CI) P

Age ≥ 65 4.1 (1.8-14.8) 0.002 4.5 (1.5-13.1) 0.005

Diabetes mellitus 0.4 (0.1-.1.1) 0.108

Ejection fraction <50% 2.9 (1.1-7.4) 0.02

Hemoglobin 0.7 (0.4-1.1) 0.142

RDW >14 3.6 (1.2-10.5) 0.014 3.0 (1.0-8.9) 0.039

Multivessel disease 1.3 (0.5-3.6) 0.508 
(>2 vessel)

Gensini score >20 0.7 (0.2-2.0) 0.585

Creatine kinase-MB 1.0 (0.9-1.0) 0.489

Troponin I 1.0 (0.9-1.0) 0.236

NSTEMI 1.6 (0.6-4.4) 0.322
*Analysis of backward-stepwise multiple regression; CI - confidence interval; 
NSTEMI - non-ST elevation myocardial infarction; OR - odds ratio; RDW - red cell 
distribution width

Table 4. Univariate and multivariate analysis for study patients

Figure 1. Receiver operating characteristic (ROC) curve analysis to 
determine the best cut-off value for the relationship between red cell 
distribution width and cardiovascular death
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associated with adverse outcomes in patients with HF and 
STEMI.

High RDW was associated with both the severity of coronary 
lesions and mortality in patients with stable angina pectoris 
(16, 17). Cavuşoğlu et al. (18) reported that high RDW levels were 
predictive of any mortality in a 2-year follow-up in patients with 
angiographically detected CAD, including ACS. Furthermore, 
Wang et al. (19) demonstrated that high RDW was an indepen-
dent predictor of reinfarction, HF, and 1-month mortality in 
patients with ACS. Additionally, high RDW was associated with 
thrombus burden, poor reperfusion, in-hospital mortality, and 
long-term mortality in patients with STEMI treated with PCI (20, 
21). Moreover, Gül et al. (22) reported that high RDW has a pre-
dictive value for reinfarction, hospitalization due to HF, and 
mortality during long-term follow-up of patients with NST-ACS. 
Similarly, Tanboğa et al. (23) demonstrated that high RDW was 
an independent predictor of impaired coronary collateral circu-
lation in patients with NSTEMI. 

The relationship between RDW and adverse outcomes in 
these patient groups is not completely understood. Weiss et al. 
(5) demonstrated that inflammation may bring about changes in 
red blood cell maturation by disturbing the red cell membrane, 
thereby leading to increased RDW. Moreover, Lippi et al. (8) 
reported a correlation between RDW and inflammatory markers, 
such as C-reactive protein and sedimentation rate. Furthermore, 
Pascual-Figal et al. (24) and Al-Najjar et al. (25) demonstrated 
that inflammatory cytokines suppress the maturation of erythro-
cytes, allowing juvenile erythrocytes to enter the circulation, 
thereby leading to an increase in the heterogeneity of the size of 
these cells. These results suggest that inflammation may have a 
key role in the underlying biological mechanism responsible for 
increased RDW levels. During the inflammatory process, cyto-
kines might affect bone marrow function and erythrocyte matu-
ration induced by erythropoietin, elevating RDW levels (26, 27).

Other mechanisms that have been proposed to explain the 
relationship between mortality and high RDW are cachexia, 
impaired renal function, trauma, hemodynamic compromise, 
and hypoalbuminemia (28-30). On the other hand, we know from 
the studies of Kato et al. (6) and Cole et al. (7) that erythropoiesis 
is influenced by neurohormonal and adrenergic system activa-
tion. Their study results indicate that erythroid progenitor cells 
become directly stimulated with increased angiotensin II, and 
RDW subsequently is increased. We think that the mechanistic 
link between an elevated RDW level and long-term mortality, 
including CVD and reinfarction after NST-ACS, may be the result 
of an effect of neurohormonal and adrenergic activation in 
patients with ACS. More studies are needed to completely 
understand the mechanism of the pathophysiological relation-
ship between RDW and clinical outcomes.

The high RDW group in our study population had some differ-
ences from a previous study published by Gül et al. (22). Their 
study population included high-risk patients; the patients in their 
high RDW group were more likely to have a history of HT, PCI, or 
MI. In contrast, there were no significant differences in risk fac-

tors for cardiovascular events between the high and low RDW 
groups in our study. The results of our study similarly include 
CVD and reinfarction but also repeat target vessel revasculariza-
tion (PCI/CABG), different from the previous studies. As report-
ed, the associations found between RDW and CVD were strong, 
regardless of anemia status, renal insufficiency, and other 
potential risk factors. These results also add new relevant 
knowledge.

Study limitations

Our study has some limitations. First, this was a retrospec-
tive study based on a relatively small number of patients. 
Second, RDW levels may increase in some conditions, such as 
impaired iron metabolism, suppressed erythropoietin gene 
expression, inhibition of proliferation of erythroid progenitor 
cells, downregulation of erythropoietin receptor expression, and 
reduced erythrocyte circulatory half-life (5). Elevated RDW lev-
els are associated with conditions, such as iron, vitamin B12, or 
folate deficiency; reticulocyte count; erythropoietin levels; and 
measures of hemolysis. These parameters were not measured 
in this study. Third, one of the most important limitations was the 
failure to measure inflammation parameters, such as high-sen-
sitivity CRP and matrix metalloproteinase 9, which could be 
helpful in evaluating the relationship between RDW and long-
term mortality in patients with NST-ACS.

Conclusion

A high RDW level on admission is associated with increased 
long-term mortality and MACE in patients with NST-ACS. RDW 
levels are available through routine applications using simple 
and inexpensive methods for evaluating patients with ACS. In 
addition, elevated RDW levels may be helpful in identifying high-
risk patients and determining appropriate treatment strategies.
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