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Background: Three-quarters of rehospitalizations ($44 billion yearly estimated cost) may be avoidable.
A screening tool for the detection of potential readmission may facilitate more efficient case management.
Hypothesis: An elevated red blood cell distribution width (RDW) is an independent predictor of hospital
readmission in patients with unstable angina (UA) or non–ST-elevation myocardial infarction (NSTEMI).
Methods: The study is a retrospective observational cohort analysis of adults admitted in 2007 with UA or
NSTEMI. Data were gathered by review of inpatient medical records. The rate of 30-day nonelective readmission
and time to nonelective readmission were recorded until November 1, 2011, and compared by RDW group using
the 95th percentile (16.3%) as a cutoff.
Results: The median follow-up time of the 503 subjects (average age, 65 ± 13 years; 56% male) was 3.8 years
(interquartile range: 0.3–4.3 years). Those readmitted within 30 days were older, had more comorbidities and
higher RDW and creatinine levels, and were more likely to have had an intervention. At 3.8 years of follow-up,
subjects with high RDW (>16.3%) were more likely to be readmitted compared to those with normal RDW
(≤16.3%) (72.28% vs 59.95%, P = 0.003). In multivariable analyses, high RDW was a statistically significant
predictor of readmission in general (hazard ratio: 1.35 (95% confidence interval [CI]:1.02-1.79), P = 0.033) but
not of 30-day rehospitalization (odds ratio: 1.34 (95% CI: 0.78-2.31), P = 0.292). Its area under the receiver
operating characteristic curve was 0.54 (sensitivity 23% and specificity 85%).
Conclusions: An elevated RDW is an independent predictor of hospital readmission in patients with UA or
NSTEMI.

Introduction
Hospital readmissions are recognized as both a significant
contributor to healthcare costs and a putative indicator
of healthcare quality. For Medicare recipients, 19.6% are
readmitted within 30 days, accounting for $15 billion in
spending. Three-quarters of rehospitalizations ($44 billion
yearly estimated cost) may be avoidable.1–3 Age, gender,
race, socioeconomic status, type of insurance, disease
burden, weight, nutritional and functional status, length of
stay, chronic diseases, and medication use and compliance
contribute to the potential for readmission.4–18 A screening
tool for the detection of potential cases would likely
make further case management more efficient, motivating
efforts to develop reliable prediction models for risk of
readmission.19–22

Red blood cell distribution width (RDW) is a measure of
heterogeneity in erythrocytes size used in the differential
diagnosis of microcytic anemia. Higher levels of RDW
have been found to be associated with increased mortality
among patients with heart failure, myocardial infarction,
coronary artery disease (CAD), or in those undergoing
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angiography.23–26 A high RDW was also found to be
an independent predictor of mortality and associated
with elevated cardiovascular biomarkers and cardiac
enzymes.27–31 The role of RDW, a readily available
routine laboratory value, has not been investigated as a
rehospitalization predictive factor and is the subject of this
report. The hypothesis of this study is that an elevated
RDW is an independent predictor of hospital readmission
in patients with unstable angina (UA) or non–ST-elevation
myocardial infarction (NSTEMI).

Methods
Study Population

The present retrospective, observational, cohort study
was conducted at Beth Israel Medical Center, a tertiary
care center in New York City. Its patient population was
previously described.32 It included all patients age 18 years
or older who were admitted in 2007 to the telemetry
floors with a diagnosis of UA or NSTEMI and who
underwent a coronary angiography during that admission.
Patients who needed critical care, presented with ST-
elevation myocardial infarction (STEMI), were admitted to
nontelemetry floors, or did not require (or did not undergo)
coronary angiography were excluded.
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Table 1. Baseline Characteristics of Study Subjectsa

Characteristics Value

Follow-up time, y 3.8 (0.3–4.3)

Sociodemographics

Age, y 65 ± 13

Male 280 (56%)

Race

Caucasian 106 (21%)

Black 63 (13%)

Hispanic 178 (35%)

Asian 40 (8%)

Other 116 (23%)

Insurance

Medicaid 60 (12%)

Medicare 175 (35%)

Other 268 (53%)

Laboratory measurements

WBC (1000/μL) 8 ± 3

Hemoglobin (g/dL) 13 ± 2

RDW (%) 15 ± 3

Platelets (1000/μL) 244 ± 87

Tn max (ng/mL) 0.01 (0.00–0.12)

Creatinine (mg/dL) 1 (0.8–1.3)

Medical history

Heart failure 173 (34%)

CAD 287 (57%)

HTN 392 (78%)

Diabetes 218 (43%)

Dyslipidemia 228 (45%)

Smoking 155 (31%)

FHx 106 (21%)

Prior interventions

Previous CABG 72 (14%)

Previous stenting 139 (28%)

Diagnosis

UA 406 (81%)

NSTEMI 97 (19%)

Clinical measurements

T max, ◦F 99.3 ± 1.0

Length of stay, d 6 (4–10)

Table 1. Continued

Characteristics Value

Treatment

Medical therapy only 270 (53%)

PCI 180 (36%)

CABG 53 (11%)

Readmission

30-day readmission 107 (21%)

30-day cardiac readmission 77 (15%)

Any readmission 319 (63%)

Cardiac readmission 255 (51%)

Abbreviations: CABG, coronary artery bypass graft; CAD, coronary
artery disease; FHx, family history of coronary artery disease; HTN,
hypertension; NSTEMI, non–ST-elevation myocardial infarction; PCI,
percutaneous coronary intervention; RDW, red blood cell distribution
width; T max, maximal temperature; Tn max, maximal troponin I; UA,
unstable angina; WBC, white blood cell count.
aN = 503. Continuous variables are reported as mean ± standard
deviation if normally distributed, median (range) if not. Categorical
variables are reported as frequency (percentage).

Definitions

Patients in this study presented to the medical center with
chief complaints of chest pain, shortness of breath, or
decreased exercise tolerance, for which they were admitted
to the telemetry floors and underwent coronary angiography
regardless of the presence or absence of electrocardiogram
(ECG) changes. They were divided into 2 groups: UA if
they did not have detectable cardiac biomarkers (troponin
I <0.03 ng/mL) and NSTEMI if they had a troponin I level
≥0.03 ng/mL without ECG changes qualifying for STEMI.
The end points were the following nonelective readmissions:
any 30-day readmission, 30-day cardiac readmission (chief
complaints of chest pain, shortness of breath or decreased
exercise tolerance, admitting diagnoses of acute coronary
syndromes [ACS] or ischemic heart disease, telemetry floor
or coronary care unit disposition), any readmission after
30 days, and cardiac readmission after 30 days. RDW level
was considered high if >95th percentile of the institution’s
laboratory (16.3%), and normal if ≤16.3%. This grouping was
based on the calibration and the reported normal range
of the institution’s laboratory, which uses the COULTER
LH 750 Hematology Analyzer (Beckman Coulter, Inc.,
Brea, CA).

Data Collection

From a retrospective chart review of all patients admitted
to the tertiary care center from January 1, 2007 through
December 31, 2007, data were collected on the subjects’
demographics (age, gender, and race), insurance cover-
age (Medicaid, Medicare, other), clinical history (heart
failure, CAD, hypertension [HTN], diabetes, dyslipidemia,
smoking, family history of CAD [FHx], and previous coro-
nary artery bypass graft [CABG] and stenting), laboratory
measurements (white blood cell count, hemoglobin, RDW,

294 Clin. Cardiol. 36, 5, 293–299 (2013)
G. Ephrem: RDW and hospital readmission
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22116 © 2013 Wiley Periodicals, Inc.



Ta
bl

e
2.

Ch
ar

ac
te

ri
st

ic
s

of
th

e
St

ud
y

Po
pu

la
ti

on
by

ou
tc

om
es

*

Clin. Cardiol. 36, 5, 293–299 (2013) 295
G. Ephrem: RDW and hospital readmission

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22116 © 2013 Wiley Periodicals, Inc.



Ta
bl

e
2.

Co
nt

in
ue

d

*n
=

50
3.

Co
nt

in
uo

us
va

ri
ab

le
s

ar
e

re
po

rt
ed

as
m

ea
n

st
an

da
rd

de
vi

at
io

n
if

no
rm

al
ly

di
st

ri
bu

te
d,

m
ed

ia
n

(r
an

ge
)i

fn
ot

.C
at

eg
or

ic
al

va
ri

ab
le

s
ar

e
re

po
rt

ed
as

fr
eq

ue
nc

y
(p

er
ce

nt
ag

e)
.W

B
C

=
W

hi
te

B
lo

od
Ce

ll
co

un
t;

R
D

W
=

R
ed

B
lo

od
Ce

ll
D

is
tr

ib
ut

io
n

W
id

th
;T

n
M

ax
=

M
ax

im
al

Tr
op

on
in

I;
||C

K
M

ax
=

M
ax

im
al

Cr
ea

ti
ne

Ph
os

ph
ok

in
as

e;
B

N
P

=
B

-T
yp

e
N

at
ri

ur
et

ic
Pe

pt
id

e;
TI

B
C

=
To

ta
lI

ro
n

B
in

di
ng

Ca
pa

ci
ty

;C
AD

=
Co

ro
na

ry
Ar

te
ry

D
is

ea
se

;H
TN

=
H

yp
er

te
ns

io
n;

FH
x
=

Fa
m

ily
H

is
to

ry
of

Co
ro

na
ry

Ar
te

ry
D

is
ea

se
;C

AB
G

=
Co

ro
na

ry
Ar

te
ry

B
yp

as
s

G
ra

ft
;U

A
=

U
ns

ta
bl

e
An

gi
na

;N
ST

EM
I=

||N
on

ST
El

ev
at

io
n

M
yo

ca
rd

ia
lI

nf
ar

ct
io

n.
T

M
ax

=
M

ax
im

al
Te

m
pe

ra
tu

re
;P

CI
=

Pe
rc

ut
an

eo
us

Co
ro

na
ry

In
te

rv
en

ti
on

.P
va

lu
es

<
0.

05
ar

e
in

bo
ld

fa
ce

.

296 Clin. Cardiol. 36, 5, 293–299 (2013)
G. Ephrem: RDW and hospital readmission
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22116 © 2013 Wiley Periodicals, Inc.



platelets, and creatinine), maximal troponin I level, diag-
nosis (UA or NSTEMI), maximal temperature (◦F), length
of stay, and treatment modality (medical therapy, percuta-
neous coronary intervention [PCI], or CABG). Longitudinal
follow-up ended on November 1, 2011, and the outcomes
were recorded from internal electronic databases.

Ethics

The study was approved by the Beth Israel Medical Center
Institutional Review Board. The requirement for obtaining
an informed consent was waived. There were no conflicts of
interest.

Statistical Analysis

Data were analyzed using Stata version 11.2 (StataCorp,
College Station, TX). Categorical data were analyzed
using χ2 or Fisher exact tests. Continuous variables
whose distribution followed the normality assumptions
were analyzed using the Student t test and analysis
of variance (ANOVA). Variables whose distribution did
not approximate normality were analyzed using the
nonparametric Wilcoxon rank sum and Kruskal-Wallis tests.
Multivariable logistic regression analyses were used to
determine the independent relation of elevated RDW and
any 30-day readmission and 30-day cardiac readmission,
respectively. Cox proportional hazards models were used
to determine the independent relation of elevated RDW
and any readmission, and cardiac readmission, respectively.
A receiver operating characteristic (ROC) analysis was
performed to assess the sensitivity of the prediction
variables and the final model. The multivariate models
were adjusted for all the variables that were of statistical
significance in the univariate and bivariate analyses.
Assessment for confounders and effect modifiers was
performed and none were detected. Regression diagnostics
and assessment of the fit of the models were conducted via
the Hosmer-Lemeshow goodness of fit test, which showed
that they fit well. All tests were 2-tailed, and P values <0.05
were considered statistically significant.

Results
Among the 1631 patients who underwent cardiac catheter-
ization in 2007, 536 patients fulfilled the selection criteria.
Thirty-three had incomplete or missing data and were
excluded from the analysis. Baseline characteristics of the
remaining 503 subjects are listed in Table 1. The median
follow-up time was 3.8 years (interquartile range: 0.3–4.3
years). On average, the study population was 65 years of
age and had a high prevalence of comorbidities. Fifty-six
percent (n = 280) were male. The study population showed
racial diversity (with relative [35%] Hispanic preponder-
ance). Twenty-one percent (n = 107) were readmitted within
30 days, 77 of them with a cardiac chief complaint. During
the follow-up period, 63% (n = 319) were readmitted, 255 of
them for cardiac chief complaints.

The bivariate analyses by outcome are listed in Table 2.
Age, gender, race, type of insurance, RDW, creatinine level,
length of stay, and treatment modality were all statistically
significantly associated with the outcomes of interest. At 3.8
years of follow-up, subjects with high RDW (>16.3%) were

Figure 1. Time to readmission by red blood cell distribution width (RDW)
group.

more likely to be readmitted compared to those with normal
RDW (≤16.3%, 72.28% vs 59.95%, P = 0.003) (Figure 1). In
logistic regression models for 30-day readmissions, male
gender (odds ratio [OR]: 1.72, 95% confidence interval [CI]:
1.09-2.73), diabetes (OR: 1.61, 95% CI: 1.04-2.49), maximal
temperature (OR: 1.30, 95% CI: 1.06-1.60), age (OR: 1.02, 95%
CI: 1.00-1.04), and dyslipidemia (OR: 1.87, 95% CI: 1.14-3.05)
but not high RDW (OR: 1.34, 95% CI: 0.78-2.31) (Table 3)
were found to be statistically significantly associated with
30-day rehospitalization. Of note, few patients had folate,
vitamin B12, iron, ferritin, total iron binding capacity,
and ejection fraction measurements performed for these
variables to be properly tested in our analyses.

In Cox proportional hazards models, high RDW (hazard
ratio [HR]: 1.41, 95% CI: 1.08-1.83), diabetes (HR: 1.53,
95% CI: 1.23-1.90), creatinine level >1 mg/dL (HR: 1.44,
95% CI: 1.15-1.81), family history of coronary artery disease
(FHx) (HR: 1.39, 95% CI: 1.06-1.82), and age (HR: 1.01,
95% CI: 1.00-1.02) were statistically significant predictors of
readmission. In a multivariable Cox proportional hazards
model adjusted for statistically significant variables, high
RDW was a statistically significant predictor of readmission
(HR: 1.35, 95% CI: 1.02-1.79, P = 0.033) (Table 3). In further
analyses, the sensitivity and specificity of high RDW at
predicting readmission were 23% and 85%, respectively, with
an area under the ROC curve of 0.54. In comparison the
C-statistic of the full predictive model (high RDW, high
creatinine, diabetes, age, and FHx) was 0.66 (Figure 2). Of
note, the area under the ROC curve for the predictive model
was 0.65 without the high RDW variable, but the difference
did not achieve statistical significance (P = 0.256).

Discussion
The rate of hospital readmission is considered an important
measure for assessing the performance of the healthcare
system. Detecting a high probability for readmission could
identify opportunities for targeted improvement efforts
in patient care and follow-up.33 RDW, an index in the
variability of the size of circulating red cells (anisocytosis),
is routinely reported by automated laboratory equipment
used to perform complete blood counts. Although its use
had been generally limited to the evaluation of microcytic
anemia, mounting evidence suggests additional roles for
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Table 3. Multivariable Logistic Regression Models and Cox Proportional
Hazards for High Red Blood Cell Distribution Width

OR (95% CI) P

Outcome = 30-day readmission

Unadjusted model 1.57 (0.95-2.59) 0.078

Adjusted modela 1.34 (0.78-2.31) 0.292

Outcome = 30-day cardiac readmission

Unadjusted model 1.49 (0.85-2.63) 0.163

Adjusted modelb 1.70 (0.92-3.15) 0.091

HR (95% CI) P

Outcome = any readmission

Unadjusted model 1.48 (1.14-1.92) 0.003

Adjusted modelc 1.35 (1.02-1.79) 0.033

Outcome = cardiac readmission

Unadjusted model 1.10 (0.81-1.49) 0.527

Adjusted modeld 1.20 (0.88-1.63) 0.248

Abbreviations: CI, confidence interval; HR, hazard ratio; OR, odds ratio.
aAdjusted for creatinine, heart failure, diabetes, maximum temperature,
treatment modality, and length of stay. bAdjusted for sex, type of
insurance, creatinine, dyslipidemia, and treatment modality. cAdjusted
for age, sex, race, type of insurance, creatinine, heart failure,
hypertension, diabetes, and length of stay. dAdjusted for race, coronary
artery disease, diabetes, previous coronary artery bypass graft, and
treatment modality.

Figure 2. Areas under the receiver operating characteristic (ROC) curve.
Abbreviations: Cr, creatinine; FHx, family history of coronary artery
disease; RDW, red blood cell distribution width.

this measurement. The present study demonstrated an
independent association between high RDW and rate of
readmission in patients presenting with UA or NSTEMI.
This association was found to be independent of multiple
potential confounding factors, such as age, sex, race,
insurance type, length of stay, or comorbidities.

In previous reports age, gender, race, socioeconomic
status, type of insurance, disease burden, weight, nutritional
and functional status, length of stay, chronic diseases, and
medication use and compliance have been identified as

contributors to the likelihood of rehospitalization.4–18 Some
of these factors have been incorporated in various prediction
models that have been developed. In their study on cardiac-
related emergency readmissions, Wallman et al. developed
a prediction model with a C-statistic of 0.75 that contains
11 variables: number of previous admissions, anemia, ACS,
congestive heart failure, diabetes, renal disease, residence
out of area, no procedure applied during hospitalization,
major or minor therapeutic procedure applied during
hospitalization, and the existence of HTN.19

Comorbidities and age are the cornerstones of the
prediction model for pneumonia patients developed by
Capelastegui et al.20 In this small study (81 patients), the
area under the curve [AUC] for the model was 0.77. In the
study by Hasan et al.,21 the number of hospital admissions
in the preceding year, the Charlson Comorbidity Index,
marital status, and having a regular physician provided a
model with AUC of 0.65. Of the reported prediction models
in the literature, the predicting emergency admissions over
the next year (PEONY) algorithm,22 with a C-statistic of
0.8, seems to have the best discrimination of high risk
for readmission. It includes age, gender, socioeconomic
status, medication, the number of previous admissions, and
previous total bed days. However, it has not been tested on
independent datasets to assess its validity.

The present study on RDW in patients with UA or
NSTEMI extends our understanding of risk factors for
rehospitalization and supports the current focus on readmis-
sion in patients with acute myocardial infarction and heart
failure, and PCI.34,35 The relation of an elevated RDW to read-
mission in general (HR: 1.35, P = 0.033, and C-statistic 0.54)
as per the present study is similar to the reported results in
the literature, where AUCs of predictive models (including
the one from this analysis) vary between 0.65 and 0.8.

Although RDW is an emerging biomarker, and despite the
cumulative literature about the association of RDW and prog-
nosis, the underlying biological mechanism for this relation
remains unknown. One conceivable pathway is that there are
subclinical disease processes that cause a subtle dysregula-
tion of erythrocyte homeostasis that is expressed in RDW.

Several study limitations should be considered in the
interpretation of the results. The present study is a
retrospective analysis and has all the inherent limitations
of a retrospective study. For example, data on medication
and compliance, previous admissions, and factors required
for disease burden scoring (propensity or Charlson) such
as ejection fraction measurements or chronic lung disease
were not consistently available in the medical records to
allow for proper analysis. As a single-center study, it may
reflect a single standard of practice, thus limiting external
validity. However, the study population was diverse from a
racial perspective, and the clinical characteristics of patients
admitted to the hospital did not differ from those in other
studies suggesting reasonable generalizability. The baseline
characteristics between the outcome groups were similar,
but there were certain differences that were adjusted for.
Despite accounting for multiple variables and assessing for
potential confounding factors and effect modifiers, residual
confounding variables could lead to the observed results.
As with all analyses of observational data, this study cannot
distinguish causality from association. The cutoff value for
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high RDW in absolute numbers differed from that of bigger
studies, such as the National Health and Nutrition Examina-
tion Survey III,23 but it was consistent with the laboratory’s
range. Finally, this study does not provide a mechanism for
the association between RDW and the observed outcome.

Conclusion
This study demonstrated that an elevated RDW is an
independent predictor of hospital readmission in patients
with UA or NSTEMI. Its role in prediction models
deserves further investigation. RDW may be considered an
inexpensive, readily available, additional tool for detecting
patients who may require more elaborate case management
with the aim of preventing readmission.
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