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Background: The incremental predictive value of red cell distribution width (RDW) for major adverse cardiac
events (MACEs) has not been fully investigated in patients with acute myocardial infarction (AMI).
Hypothesis: The aim of this study was to determine the incremental value of RDW to the established risk
factors in predicting clinical outcomes after AMI.
Methods: Between November 2005 and January 2010, 1596 patients with AMI (1070 male; mean age,
64.5 ± 11.9 years) were analyzed in this study. Baseline levels of RDW were measured at the time of admission.
The 12-month MACEs were defined as death and nonfatal MI.
Results: The RDW levels were significantly higher in patients with 12-month MACEs (13.8 ± 1.3% vs 13.3 ± 1.2%,
P < 0.001). In a Cox proportional hazards model, RDW (hazard ratio [HR]: 1.19, P = 0.016) was an independent
predictor for 12-month MACEs. Adding RDW to established risk factors and hemoglobin levels significantly
improved prediction for 12-month MACEs, as shown by the net reclassification improvement (0.297; P = 0.012)
and integrated discrimination improvement (0.0143; P = 0.042). The likelihood ratio test showed that RDW
added incremental predictive value to the combination of hemoglobin and established risk factors (P = 0.005).
Patients were categorized into 4 groups according to quartiles of RDW at baseline. Adjusted HRs for 12-month
MACEs were 1 (RDW ≤12.6%, reference), 4.24 (RDW 12.7%–13.1%, P = 0.01), 4.36 (RDW 13.2%–13.9%,
P = 0.008), and 6.18 (RDW 13.2%–13.9%, P = 0.001), respectively.
Conclusions: In post-myocardial infarction patients, baseline RDW levels at admission could provide
incremental predictive value to established risk factors for predicting 12-month MACEs.

Introduction
It has been known that low hemoglobin levels are
independent cardiovascular risk factors in patients with
cardiovascular disease.1–3 Red cell distribution width
(RDW) is a standard part of the complete blood count
laboratory test. A recent article reported that RDW was a
strong independent predictor of cardiovascular outcomes
in patients with heart failure, even after adjustment for
hematocrit.4,5 However, association of RDW with clinical
outcome after acute myocardial infarction (AMI) has not
been fully investigated.6–8 Moreover, the incremental value
of RDW to established risk factors, including hemoglobin,
in patients with AMI has not been elucidated.

Therefore, the aims of this study were to determine
the association between RDW and clinical outcomes and

The authors have no funding, financial relationships, or conflicts
of interest to disclose.

to determine the incremental value of RDW to the
established risk factors in predicting clinical outcomes
after AMI.

Methods
Study Population

This observational study included 1596 consecutive patients
with AMI who were enrolled in the Korea AMI Reg-
istry (KAMIR) from the authors’ single center between
November 2005 and January 2010. Since November 2005,
KAMIR has been a Korean, prospective, open, observa-
tional, multicenter online registry of AMI with support from
the Korean Society of Cardiology. Details of KAMIR have
been published.9 The RDW levels were retrospectively col-
lected, because they had not been entered into the KAMIR
database. The AMI was diagnosed by characteristic clini-
cal presentation, serial changes on the electrocardiogram
suggesting infarction, and increase in cardiac enzymes.10
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We analyzed baseline demographic characteristics,
initial presentation, initial vital signs, electrocardiogram
findings, results of laboratory tests, procedural data,
and medications. Blood samplings for baseline laboratory
tests, except for the lipid measurement, were collected
at admission. Blood specimens were collected in 3.6%
ethylenediaminetetraacetic acid tubes to examine the
hematologic parameters including RDW. Baseline levels
of RDW were measured by Advia 2120 hematology analyzer
(Bayer Diagnostics, Dublin, Ireland) within 2 hours of
admission. Overnight fasting blood was also sampled for
lipid levels. Left ventricular ejection fraction (LVEF) was
determined by 2-dimensional echocardiography.

Mean follow-up duration was 1634 ± 342 days. The 12-
month major adverse cardiac events (MACEs) were defined
as death and nonfatal myocardial infarction (MI). During the
follow-up period, follow-up data were obtained by reviewing
medical records and telephone interviews with patients. All
data were recorded on an electronic Web-based case report
form.

Statistical Analyses
Data are expressed as mean ± standard deviation for
continuous variables and percentages for categorical
variables. All comparisons between baseline variables were
assessed with the Student t test for continuous variables
and the Pearson χ2 test for categorical variables. Univariate
analyses were performed to determine the predictors for 12-
month MACEs. A Cox proportional hazards model was used
to determine independent predictors of 12-month MACEs.
Variables with P values of <0.05 on univariate analysis were
entered into the Cox proportional hazards model. The RDW
was entered as a linear term. To evaluate model calibration,
we calculated the Hosmer-Lemeshow χ2, a measure of
deviation between observed and predicted outcomes in
deciles of predicted risk.

The likelihood ratio test was performed to examine the
incremental predictive value of the parameters in the Cox
proportional hazards model. The factors added to the model
at each step were considered significant when the test
statistic, twice the difference in the log-likelihood associated
with each model, corresponded to P < 0.05. Further, the
study subjects were divided into 4 categories based on
the baseline RDW levels. Cox proportional hazards model
analyses were used to compute the hazard ratios (HRs)
and 95% confidence intervals (CIs) of 12-month MACEs for
increasing RDW quartiles, with the lowest quartile as the
reference.

The increased discriminative value after the addition
of hemoglobin and/or RDW to the established risk fac-
tors was estimated using 3 measures (the Harrell’s C
index, net reclassification improvement [NRI], and inte-
grated discrimination improvement [IDI]). The Harrell’s C
index (C-statistic) is defined as the proportion of usable
patient pairs, in which the predictions and outcomes are
concordant.11 We estimated receiver operating character-
istic curves and compared the areas under the receiver
operating characteristic curves (C-statistic with 95% CI) in
corresponding logistic models.12 The NRI and IDI were
calculated by analyzing the differences in individual esti-
mated probability for 12-month MACEs after the addition

of hemoglobin and/or RDW to a model containing the
established risk factors.13 Because no prior risk categories
exist for 12-month MACEs, we calculated the category-free
NRI.13 For all analyses, a 2-sided P < 0.05 was considered
statistically significant. Statistical analysis was performed
using SAS version 9.2 software (SAS Institute Inc., Cary,
NC).

Results
The baseline characteristics of the study subjects are shown
in Table 1. The mean age was 64.5 ± 11.9 years, and 1070
(67.0%) were male. The RDW ranged from 11.0% to 26.0%
(median, 13.1%; mean, 13.3 ± 1.2%), and 35 (7.5%) had RDW
levels outside the normal range of 11.5% to 14.5% with RDW
<11.5% (n = 12, 0.8%) and >14.5% (n = 179, 11.2%).

During the 12-month follow-up, 212 (13.3%) MACEs
including 174 (10.9%) deaths and 38 (2.4%) nonfatal MIs
occurred. The RDW levels were significantly higher in
patients with 12-month MACEs (13.8 ± 1.3% vs 13.3 ± 1.2%,
P < 0.001) (Table 1). In multivariate analysis, RDW (HR:
1.19, 95% CI: 1.03-1.37, P = 0.016) in addition to body mass
index (BMI) (HR: 0.91, 95% CI: 0.84-0.99), previous coronary
heart disease (CHD) (HR: 2.25, 95% CI: 1.38-3.67), serum
creatinine (HR: 1.23, 95% CI: 1.09-1.39), and percutaneous
coronary intervention (PCI) (HR: 0.27, 95% CI: 0.16-0.45)
was an independent prognostic factor for 12-month MACEs
after adjustment for confounding variables in the Cox
proportional hazards model (Table 2).

The incremental predictive values of the established risk
factors, hemoglobin, and RDW in the Cox proportional
hazards model are shown in the Figure 1. The RDW added
incremental value to the combination of hemoglobin and
established risk factors in predicting 12-month MACEs.

The study subjects were divided into 4 groups based
on baseline RDW levels, as follows: quartile 1 (<12.6%,
n = 445); quartile 2 (12.7%–13.1%, n = 364); quartile 3
(13.2%–13.9%, n = 400), and quartile 4 (>13.9%, n = 387).
Age, heart rate, and Killip class > significantly increased
as the RDW levels increased, whereas male, BMI, ST-
segment elevation MI, current smoking, LVEF, hemoglobin,
serum levels of total cholesterol, triglyceride, low-density
lipoprotein cholesterol, PCI at index hospitalization, and
prescription rate of each discharge medication significantly
decreased as the RDW levels increased. Patients with
previous CHD and hypertension were more frequently
observed in patients with the highest RDW quartiles. A
graded relationship between RDW levels and 12-month
MACEs was observed—9.9% in quartile 1, 23.6% in quartile
2, 25.9% in quartile 3, and 40.6% in quartile 4, respectively (P
for trend < 0.001).

The 12-months MACEs increased as the quartiles of RDW
increased (Table 3). The HRs of 12-month MACEs from the
lowest (referent) to the highest tertile were as follows: 1,
3.03 (95% CI: 1.82-5.05), 3.07 (95% CI: 1.86-5.08), and 5.22
(95% CI: 3.24-8.41), respectively, in crude analysis; 1, 2.82
(95% CI: 1.69-4.69), 2.86 (95% CI: 1.73-4.74), and 4.31 (95%
CI: 2.66-6.96), respectively, in age- and sex-adjusted models;
and 1, 2.58 (95% CI: 1.55-4.30), 2.49 (95% CI: 1.51-4.14), and
2.88 (95% CI: 1.74-4.75), respectively, in an age-, sex-, and
hemoglobin-adjusted models. In fully adjusted models, the
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Table 1. Clinical Characteristics in Patients With or Without Major Adverse Cardiac Events

MACE

Variable Overall (n = 1,596) No (n = 1384) Yes (n = 212) P Value

Demographics

Age (y) 64.5 ± 11.9 63.3 ± 11.5 72.3 ± 10.9 <0.001

Male 1070 (67.0%) 950 (68.6%) 120 (56.6%) 0.001

Body mass index (kg/m2) 23.7 ± 3.06 23.8 ± 3.05 22.6 ± 2.91 <0.001

Initial presentation

Systolic blood pressure (mmHg) 136.5 ± 29.8 137.3 ± 28.4 131.2 ± 37.1 0.043

Heart rate (beats/min) 79.6 ± 20.1 78.2 ± 19.0 89.1 ± 24.3 <0.001

ST-elevation myocardial infarction 688 (43.4%) 608 (44.1%) 80 (38.6%) 0.141

Killip class >1 408 (25.6%) 279 (20.2%) 129 (61.1%) <0.001

Past history

Previous coronary heart disease 295 (18.7%) 236 (17.3%) 59 (28.5%) <0.001

Hypertension 725 (45.9%) 613 (44.6%) 112 (54.4%) 0.009

Diabetes mellitus 454 (28.8%) 374 (27.3%) 80 (38.6%) 0.001

Hyperlipidemia 416 (28.9%) 391 (31.1%) 25 (13.7%) <0.001

Current smoking 651 (43.1%) 578 (43.9%) 73 (37.6%) 0.099

Left ventricular ejection fraction (%) 51.2 ± 11.2 52.2 ± 10.6 42.5 ± 12.7 <0.001

Laboratory findings

Hemoglobin (g/dL) 13.3 ± 2.10 13.5 ± 1.96 11.9 ± 2.40 <0.001

Red cell distribution width (%) 13.3 ± 1.24 13.3 ± 1.22 13.8 ± 1.27 <0.001

Serum creatinine (mg/dL) 1.17 ± 1.16 1.06 ± 0.98 1.85 ± 1.82 <0.001

Peak creatine-kinase MB (ng/mL) 63.8 ± 157.0 61.2 ± 149.3 81.3 ± 201.6 0.172

Peak cardiac troponin I (ng/mL) 48.5 ± 91.3 47.0 ± 83.5 58.8 ± 132.4 0.219

Total cholesterol (mg/dL) 179.2 ± 42.5 180.4 ± 41.7 169.9 ± 47.8 0.002

Triglycerides (mg/dL) 142.6 ± 120.6 145.5 ± 125.9 119.6 ± 61.1 <0.001

High-density lipoprotein cholesterol
(mg/dL)

44.4 ± 12.5 44.6 ± 12.4 43.1 ± 12.9 0.147

Low-density lipoprotein cholesterol
(mg/dL)

118.5 ± 38.9 119.4 ± 38.1 111.5 ± 43.9 0.026

Percutaneous coronary intervention
at index hospitalization

1,201 (75.7%) 1117 (80.9%) 84 (40.6%) <0.001

Discharge medication

Antiplatelet agents 1510 (94.6%) 1335 (96.5%) 175 (82.5%) <0.001

β-blockers 1349 (84.5%) 1207 (87.2%) 142 (67.0%) <0.001

ACE-I/ARBs 1356 (85.0%) 1216 (87.9%) 140 (66.0%) <0.001

Lipid-lowering drugs 1126 (70.6%) 999 (72.2%) 127 (59.9%) <0.001

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; MACE, major adverse cardiac event.
Data are mean ± standard deviation for continuous variables and percentages for categorical variables.
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Table 2. Cox Proportional Hazards Model for 12-Month Major Adverse
Cardiac Events

Variable
Hazard
Ratio

95% Confidence
Interval

P
Value

Age >65 years 1.56 0.89-2.72 0.118

Male 0.72 0.43-1.20 0.204

Body mass index 0.91 0.84-0.99 0.025

Previous coronary heart
disease

2.25 1.38-3.67 0.001

Hypertension 1.22 0.75-1.99 0.428

Diabetes mellitus 1.17 0.71-1.92 0.535

Serum creatinine 1.23 1.09-1.39 0.001

Total cholesterol 1.00 0.999-1.01 0.171

Percutaneous coronary
intervention

0.27 0.16-0.45 <0.001

Antiplatelet agent use 0.62 0.26-1.50 0.288

β-blockers use 0.79 0.43-1.42 0.425

ACE-I/ARBs use 0.82 0.47-1.41 0.471

Hemoglobin 0.96 0.84-1.11 0.603

Red cell distribution width 1.19 1.03-1.37 0.016

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II type 1 receptor blocker.

HRs of 12-month MACEs from the lowest (referent) to the
highest quartile were as follows: 1, 4.24 (95% CI: 1.41-12.75),
4.36 (95% CI: 1.47-12.91), and 6.18 (95% CI: 2.10-18.21),
respectively.

Reclassification of patients with or without 12-month
MACEs at the time of follow-up is presented in Table 4.
The addition of hemoglobin to established risk factors
yielded an NRI of 0.167 (P = 0.158) and 0.0080 of IDI
(P = 0.200), but these were not statistically significant
compared to established risk factors. The addition of
RDW to established risk factors significantly improved
the reclassification (0.321; P = 0.007) and the integrated
discrimination (0.0126; P = 0.045) of subjects compared to
established risk factors. The addition of RDW to established
risk factors and hemoglobin also significantly improved
the reclassification (0.297; P = 0.012) and the integrated
discrimination (0.0143; P = 0.042) of subjects compared to
established risk factors.

Discussion
In the present study, the main findings were that baseline
RDW level at admission was an independent prognostic
factor for 12-month MACEs in patients with AMI. Moreover,
RDW had a predictive value incremental to the combination
of hemoglobin and established risk factors. There was a
graded positive independent association between RDW level
and the risk of 12-month MACEs when RDW levels were
stratified into 4 groups.

Figure 1. Incremental predictive value of the established risk factors,
hemoglobin (Hb), and red cell distribution width (RDW) levels by Cox
proportional hazards model. The RDW levels have predictive value
incremental to the combination of hemoglobin and established risk
factors including sex, age, body mass index, prior coronary heart disease,
hypertension, diabetes mellitus, serum creatinine, total cholesterol,
percutaneous coronary intervention, antiplatelet agents, β-blockers, and
angiotensin-converting enzyme inhibitors/angiotensin II type 1 receptor
blockers.

Increased levels of RDW have been associated with age
as well as pathologic conditions including ineffective red
cell production, increased red cell destruction, and during
or after blood transfusion.14–16 Recently, higher levels of
RDW have been shown to be a strong independent predictor
of cardiovascular mortality in patients with heart failure.5

Higher levels of RDW also had a graded independent
association with the risk of all-cause death, the development
of new heart failure, and coronary events in patients with
AMI or prior MI who had an absence of clinical evidence of
heart failure at baseline.6–8

Although higher RDW is independently associated with
adverse cardiovascular outcomes after AMI, the mechanism
is not clearly understood. Possible mechanisms for the
modest association of RDW and cardiovascular outcome
after AMI are suggested. First, increased RDW may reflect
some common conditions such as nutritional deficiencies
and influence of comorbidities. In part, RDW may be
a simple marker for poor health, reflecting comorbid
conditions and/or malnutrition, although we did not
directly assess nutritional status.17,18 Measurements of
nutritional status are complex and unreliable for some
micronutrients. Because of the association between RDW
and nutritional factors, one might consider RDW as a
biomarker for nutritional status of vitamin B12, folic acid,
and iron, which play an important role in oxidative stress
defense mechanisms. It has been known that oxidative
stress is associated with atherosclerosis and the risk
of cardiovascular outcomes.19–21 In the present study,
patients with 12-month MACEs were more likely to be older
and had much lower BMI, hemoglobin, serum levels of
total cholesterol, triglycerides, and low-density lipoprotein
cholesterol. Interestingly, RDW increases with age, and
BMI, hemoglobin, serum levels of total cholesterol, triglyc-
erides, and low-density lipoprotein cholesterol decreased
as the RDW levels increased. RDW might have a clinical
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Table 3. Multivariate Analysis for 12-Month Major Adverse Cardiac Events According to Red Cell Distribution Width Quartiles

Quartile 1
[n = 445]

Quartile 2
[n = 364]

Quartile 3
[n = 400]

Quartile 4
[n = 387]

Crude 1 (reference) 3.03 (1.82-5.05)a 3.07 (1.86-5.08)a 5.22 (3.24-8.41)a

Model 1b 1 (reference) 2.82 (1.69-4.69)a 2.86 (1.73-4.74)a 4.31 (2.66-6.96)a

Model 2c 1 (reference) 2.58 (1.55-4.30)a 2.49 (1.51-4.14)a 2.88 (1.74-4.75)a

Model 3d 1 (reference) 4.24 (1.41-12.75)a 4.36 (1.47-12.91)a 6.18 (2.10-18.21)a

Data are presented as hazard ratios (95% confidence intervals).
aP < 0.05. bAdjusted for sex and age. cAdjusted for sex, age, and hemoglobin. dAdjusted for sex, age, hemoglobin, body mass index, prior coronary
heart disease, hypertension, diabetes mellitus, serum creatinine, total cholesterol, percutaneous coronary intervention, antiplatelet agents, β-blockers,
and angiotensin-converting enzyme inhibitors/angiotensin II type 1 receptor blockers.

Table 4. Discrimination of Multivariate Logistic Regression Models in Predicting 12-Month Major Adverse Cardiac Events

Discrimination

Models
Harrell’s C

Index

Net
Reclassification

Improvement
P

Value

Integrated
Discrimination
Improvement

P
Value

Established risk factors 0.820 Reference Reference

Established risk factors + Hb 0.824 0.167 0.158 0.0080 0.200

Established risk factors + RDW 0.830 0.321 0.007 0.0126 0.045

Established risk factors + Hb + RDW 0.831 0.297 0.012 0.0143 0.042

Abbreviations: Hb, hemoglobin; RDW, red cell distribution width. The net reclassification improvement was
defined as (Pimproved_prediction_among_patients with MACE + Pimproved_prediction_among_patients without MACE) − (Pworsened_prediction_among_patients with MACE +
Pworsened_prediction_among_patients without MACE), where P = proportion of patients. The integrated discrimination improvement was defined as (�i

MACE

(Pnew(i) - Pold(i))/n [patients with MACE]) - (�j
non-MACE (Pnew(j) -Pold(j))/n [patients without MACE]), where P = predicted probability of major adverse

cardiac events. Established risk factors defined as sex, age >65 years, body mass index, prior coronary heart disease, hypertension, diabetes
mellitus, serum creatinine, total cholesterol, percutaneous coronary intervention, antiplatelet agents, β-blockers, and angiotensin-converting enzyme
inhibitors/angiotensin II type 1 receptor blockers use.

relevance as an easy and inexpensive surrogate marker for
nutritional status associated with poor prognosis.

Second, RDW also may be related to other known
markers of prognosis in CHD such as underlying inflam-
matory stress. Inflammatory stress has been shown
to influence bone marrow function, which leads to
inadequate production of erythropoietin through inhibi-
tion of erythropoietin-induced erythrocyte maturation.22,23

The infarction-related inflammatory response with excess
cytokine production may suppress erythropoiesis and
impair iron metabolism.24,25 A low hemoglobin level is a
risk factor for a worse outcome in patients with CHD after
AMI and PCI, and is associated with an increase in RDW.26,27

In the present study, however, higher levels of RDW were
associated with the risk of death and nonfatal MI even after
adjustment for hemoglobin in patients with AMI. More-
over, RDW levels provided increment predictive value to
the combination of hemoglobin and established risk factors
for predicting 12-month MACEs. These findings are note-
worthy in that RDW incurs no additional costs as part of the
complete blood count in contrast to other expensive novel
markers.28

Our study has some limitations that should be considered.
First, the retrospective analysis of data collected prospec-
tively is major limitation of this study. Therefore, we cannot
completely exclude the possibility of residual confounding

factors, and our results should only be regarded as hypothe-
sis generating. Second, we adjusted the RDW for all known
relevant factors but not for the nutrients (such as iron, folate,
and vitamin B12), because these data were unavailable.
Given these limitations, the present findings are consistent
with previous studies.

Conclusion
We identified that RDW was an independent predictor
of death and nonfatal MI even after adjustment for
hemoglobin, and had a predictive value incremental to the
combination of hemoglobin and established risk factors in
patients with AMI. Further studies are required to confirm
the association between RDW and cardiovascular outcomes
in patients with AMI.
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