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Background Red blood cell distribution width (RDW) strongly predicts clinical outcomes among patients with coronary
disease and heart failure. The factors underpinning this association are unknown.

Methods In 6,447 individuals enrolled in the Measurement to Understand the Reclassification of Disease of Cabarrus/
Kannapolis (MURDOCK) Study who had undergone coronary angiography between 2001 and 2007, we used Cox
proportional hazards modeling to examine the adjusted association between RDW and death, and death or myocardial
infarction (MI). Multiple linear regression using the R2 model selection method was then used to identify clinical factors
associated with variation in RDW.

Results Median follow-up was 4.2 (interquartile range 2.3-5.9) years, and the median RDW was 13.5% (interquartile
range 12.9%-14.3%, clinical laboratory reference range 11.5%-14.5%). Red blood cell distribution width was independently
associated with death (adjusted hazard ratio 1.13 per 1% increase in RDW, 95% CI 1.09-1.17), and death or MI (adjusted
hazard ratio 1.12, 95% CI 1.08-1.16). Twenty-seven clinical characteristics and laboratory measures were assessed in the
multivariable linear regression model; a final model containing 18 variables explained only 21% of the variation in RDW.

Conclusions Although strongly associated with death and death or MI, only one-fifth of the variation in RDW was
explained by routinely assessed clinical characteristics and laboratory measures. Understanding the latent factors that explain
variation in RDW may provide insight into its strong association with risk and identify novel targets to mitigate that risk. (Am
Heart J 2016;174:22-28.)
Red blood cell distribution width (RDW) is a measure
routinely reported as part of a complete blood count. It
represents variability in the size of red blood cells. It is
calculated as the standard deviation of mean corpuscular
volume divided bymean corpuscular volume × 100, and it is
expressed as a percentage.1 Higher RDW reflects greater
heterogeneity in red blood cell size (anisocytosis) in
conditions of ineffective erythropoiesis and is traditionally
used to differentiate types of anemia.
Beyond this historical diagnostic use, RDW is one of the

strongest predictors of outcomes among patients with
heart failure2-6 and coronary artery disease,7-10 elderly popula-
tions,11 as well as other chronic conditions.12,13 However,
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the factors underpinning the association of RDW with
clinical outcomes are unknown. Determining these factors
may provide novel mechanistic insight into risk for
coronary events and death among patients with known
or suspected coronary artery disease and in other
populations. To this end, we first confirmed the relation-
ship between RDW and clinical outcomes (death and
death or myocardial infarction [MI]) in a subset of patients
referred to Duke University Medical Center for cardiac
catheterization from 2001 through 2007 who comprised
the Measurement to Understand the Reclassification of
Disease of Cabarrus/Kannapolis (MURDOCK) Horizon 1
Cardiovascular Disease (MURDOCK CV) Study cohort. We
then identified clinical and laboratory factors that were
independently associated with variation in RDW in an
attempt to explain the relationship between RDW and
cardiovascular risk.

Methods
Study population
Our analyses included 6,447 patients who composed the

MURDOCK CV Study population, a subset of patients
enrolled in theDukeCATHeterizationGENetics (CATHGEN)
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biorepository.14 The design and rationale of the MURDOCK
CV Study, including cohort selection, were published
previously.15 Briefly, the MURDOCK CV Study cohort
included CATHGEN patients who were at least 18 years
old andunderwent coronary angiography atDukeUniversity
Medical Center from December 2001 through November
2007 as part of the workup for possible ischemic heart
disease. Patients with severe heart failure (New York Heart
Association class IV with left ventricular ejection fraction
b35% at catheterization), pulmonary hypertension, and
congenital heart disease, and those who underwent
catheterization as a part of pre–solid organ or post–solid
organ or heart transplant were not eligible for the
MURDOCK CV Study cohort.
CATHGEN pairs longitudinal clinical information

(symptom histories, clinical characteristics and medical
history, angiographic data, and fasting chemistry and lipid
profile data fromwithin 1 year preceding catheterization)
from the Duke Databank for Cardiovascular Disease with
blood samples collected at the time of cardiac catheter-
ization and stored for future use. Longitudinal follow-up
for death (via yearly National Death Index and/or Social
Security Death Index search) and nonfatal clinical
cardiovascular events (from medical record review, and
mail or telephone surveys at 6 months after the index
catheterization procedure and yearly thereafter) was
completed for all MURDOCK CV Study patients. For the
MURDOCK CV Study, these data were supplemented by
additional laboratory, electrocardiographic, and imaging
data for ejection fraction contained within the Duke
Decision Support Repository (an enterprise-wide data
warehouse containing care-related data from multiple
domains) or by direct examination of the medical record.
All patients provided written informed consent to

participate in the Duke CATHGEN biorepository. Both
CATHGEN and the additional data collection for the
MURDOCK CV Study, as well as the current analyses
using this data set, were approved by the Duke University
Institutional Review Board with a waiver of informed
consent and Health Insurance Portability and Account-
ability Act authorization.

Statistical analysis
Association of RDW with clinical outcomes in the

MURDOCK Study population. The associations of
RDW with time to death and death or MI over a median
follow-up of 4.2 years were determined in multivariable
Cox proportional hazards regression models that includ-
ed RDW as a continuous variable. Thirty-six clinical
variables were chosen as candidate predictors based on
previous publications or clinical judgment (Appendix 1).
For 15 variables with N6% missing values, multiple
imputation was used and the resulting values were
applied in the multivariable models. Both stepwise and
backward variable selections were used as the criteria to
select variables with a P value of b.05 for both entering
and remaining in the model. The 2 methods produced
similar models. The restricted cubic spline transformation
method was used to determine the functional form for
continuous variables, then piecewise linear splines were
applied to those variables whose functional forms were
not linear. The assumption of proportional hazards was
checked using a score test. The assumption was violated
for presentation type with the end point of death or MI.
Therefore, this model was stratified on presentation type.
Final Cox proportional hazards models were adjusted for
all variables identified in Appendix 2.
Factors associated with variation in RDW. Descrip-

tive statistics (medians with interquartile ranges [IQRs]
for continuous variables and percentages for discrete
variables) were used to summarize population character-
istics across quartiles of RDW for display purposes.
Univariable and multivariable linear regression were

used to assess the association of clinical and laboratory
characteristics with RDW. Variables included in these
models are listed in Appendix 3. A subset of these
variables was retained as the set of key multivariable
predictors of RDW using the R2 selection method, which
identifies the set of variables that maximizes R2 with the
fewest possible variables.
SAS version 8.2 or 9.3 (SAS Institute, Cary, NC) software

was used for all statistical analyses.
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Results
Association of RDW with death and death or MI
The distribution of RDW in the study population is shown

in Figure. The median RDW was 13.5% (IQR 12.9%-14.3%,
clinical laboratory reference range, 11.5%-14.5%).
Of 6,447 patients, 1,037 (16.1%) patients died during a

median follow-up of 4.2 (IQR 2.3-5.9) years, and 1,284
(19.9%) experienced the composite end point of death or
MI. In adjusted Cox proportional hazards models, RDW
was independently associated with death (adjusted
hazard ratio 1.13 per 1% absolute increase in RDW, 95%
CI 1.09-1.17, P b .0001) and death or MI (adjusted hazard



Figure

Distribution of RDW in the MURDOCK CV Study population.
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ratio 1.12 per 1% absolute increase in RDW, 95% CI
1.08-1.16, P b .0001).

Relationship of clinical and laboratory characteristics
with RDW
Baseline characteristics according to RDW. Base-

line characteristics according to quartile of RDW are
shown in Table I. Patients in the upper quartiles were
older, more often women, and less frequently white, and
they had lower hemoglobin and higher blood urea
nitrogen levels than those in lower quartiles. The
prevalence of diabetes, hypertension, congestive heart
failure, prior coronary artery bypass graft (CABG), renal
disease, and valvular heart disease increased within
higher RDW quartiles. Ejection fraction was lower as
RDW quartiles increased.
Association of clinical and laboratory character-

istics with variability in RDW. In univariable linear
regressionmodels, 14 variables were significantly associated
with RDW: age, race, sex, heart rate, heart failure severity,
prior CABG, current or past smoking, valvular disease,
modified Charlson index, hemoglobin, blood urea nitrogen,
white blood cell count, ejection fraction, and presentation
status (outpatient vs other types) (Table II). Hemoglobin
explained 14% of the variation in RDW; no other single
variable explained more than 5%.
In multivariable linear regression modeling, a model

containing 18 variables provided the best balance of R2

and number of model variables (Table III). This model
included demographic and clinical characteristics (age,
race, sex, heart failure severity, prior CABG, prior MI,
history of current or past smoking, valvular disease,
modified Charlson index, weight, and systolic and
diastolic blood pressure), laboratory tests (hemoglobin,
blood urea nitrogen, white blood cell count, and serum
sodium), ejection fraction, and whether the patient was
an outpatient. In total, this model explained 21% of the
variation in RDW.

Discussion
In our cohort of 6,447 patients undergoing coronary

angiography due to concern for ischemic heart disease,
we confirmed a strong, independent association of RDW
with death and death or MI over a median of 4.2 years of
follow-up. To better understand this association, we
explored what clinical factors accounted for variation in
RDW, but found that only 21% of the variation could be
explained by parameters readily available in routine
clinical practice. A better understanding of the latent
factors that account for the remaining unexplained
variation in RDW could lead to novel insight about risk
for adverse outcomes associated with RDW.

Association between RDW and outcomes
It has previously been shown that patients with greater

RDW present with higher risk factor burden for coronary
heart disease than patients with lower RDW.7,9,16,17

Several studies have suggested that RDW is a marker of
disease progression, as it is higher among sicker patients.
Our observations are consistent with these studies; we
have shown not only greater prevalence of cardiac risk
factors but also greater comorbidity burden as assessed
by the Charlson index among patients as quartile of RDW
increased.
The first report of RDW as an independent predictor of

mortality in cardiovascular cohorts was published in
2007.5 In this report, among 2679 chronic heart failure
patients enrolled in the Candesartan in Heart Failure:
Assessment of Reduction in Mortality and Morbidity
(CHARM) program, RDW was one of the variables most
strongly associated with cardiovascular death or heart
failure hospitalization. The authors also reported that
higher RDW was one of the most powerful predictors of
all-cause mortality in 2140 heart failure patients from the
Duke Databank for Cardiovascular Disease. Higher RDW
is also associated with poorer outcomes in populations
with other chronic diseases, including diabetes and
peripheral artery disease.12,13 Because RDW is usually
part of routine blood examinations, this measure adds no
additional cost and could be widely used to improve risk
classification of patients with cardiac diseases. Under-
standing the foundations of the prognostic relationship is
important to provide further rationale for its use, as well
as provide insight into unknown mechanisms of disease.
It is important to note that RDW values may differ

according to the hematologic analyzer used, as the
calculation algorithm varies depending on the manufac-
turer, resulting in excellent within run imprecision for an
individual analyzer, but unacceptable bias between
analyzers.18,19 Therefore, establishing a prognostic “cut
point” would be challenging. However, in our study, the



Table I. Baseline characteristics according to quartile of RDW

RDW Quartile 1,
6.5%-12.9% (n = 1617)

RDW Quartile 2,
13.0%-13.4% (n = 1354)

RDW Quartile 3,
13.5%-14.3% (n = 1709)

RDW Quartile 4,
14.4%-27.1% (n = 1490)

Age (y) 58 (51, 67) 60 (52, 70) 62 (54, 71) 62 (54, 71)
Female 473 (29.3) 457 (33.8) 632 (37.0) 692 (46.4)
White 1325 (83.9) 1072 (80.4) 1265 (75.4) 908 (62.0)
Cigarette smoking (current/previous) 857 (53.0) 683 (50.4) 857 (50.1) 740 (49.7)
Prior MI 482 (29.8) 433 (32) 502 (29.4) 450 (30.2)
Prior CABG 267 (16.5) 253 (18.7) 365 (21.4) 338 (22.7)
Hypertension 1032 (63.8) 894 (66.0) 1229 (71.9) 1105 (74.2)
Diabetes 374 (23.1) 342 (25.3) 542 (31.7) 544 (36.5)
Congestive heart failure 239 (15.1) 273 (20.7) 442 (26.4) 541 (36.9)
Valvular disease 55 (3.4) 46 (3.4) 63 (3.7) 101 (6.8)
Renal disease 7 (0.4) 2 (0.1) 26 (1.5) 83 (5.6)
NYHA class

0 1342 (89.3) 1044 (84.5) 1233 (79.4) 925 (68.6)
1 17 (1.1) 22 (1.8) 28 (1.8) 23 (1.7)
2 78 (5.2) 85 (6.9) 105 (6.8) 126 (9.3)
3 55 (3.7) 76 (6.1) 147 (9.5) 211 (15.6)
4 10 (0.7) 9 (0.7) 39 (2.5) 64 (4.7)

Modified Charlson index score 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0)
Weight (kg) 85 (74, 98) 86 (75, 100) 88 (75, 102) 86 (73, 101)
Systolic blood pressure (mm Hg) 143 (129, 159) 142 (127, 159) 144 (129, 163) 144 (126, 163)
Diastolic blood pressure (mm Hg) 81 (72, 89) 80 (71, 88) 80 (72, 89) 79 (69, 89)
Carotid bruits 74 (4.6) 66 (4.9) 90 (5.3) 105 (7.1)
Presentation type

Acute MI 206 (12.7) 196 (14.5) 210 (12.3) 227 (15.2)
Outpatient 877 (54.2) 731 (54.0) 914 (53.5) 711 (47.7)
Other 534 (33.0) 427 (31.5) 585 (34.2) 552 (37.0)

Duke CAD severity index 31 (0, 52) 31 (0, 52) 31 (0, 65) 31 (0, 71)
Ejection fraction (%) 59.3 (52.9, 66.0) 58.0 (50.4, 65.1) 57.3 (49.8, 65.0) 55.0 (45.0, 63.6)
Hemoglobin (mg/dL) 14.2 (13.2, 15.1) 13.9 (12.8, 14.9) 13.4 (12.3, 14.6) 12.4 (11.2, 13.6)
White blood cell count (×103/mL) 6.9 (5.7, 8.5) 7.3 (6.0, 8.9) 7.3 (5.9, 8.9) 7.2 (5.8, 9.1)
Sodium (mg/dL) 140 (138, 141) 140 (138, 141) 140 (138, 142) 139 (138, 141)
Blood urea nitrogen (mg/dL) 15 (12,19) 16 (13, 20) 16 (13, 22) 18 (13, 25)

Continuous variables are presented as medians (25th, 75th percentiles). All other values are presented as n (%).
Abbreviations: CAD, Coronary artery disease; NYHA, New York Heart Association.
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same analytical technique was used for all patients. Given
this and because our analyzes were designed to (1)
establish the relationship between RDW as a continuous
variable with risk for death and death or MI (rather than
to establish a cut point for risk for general use) and (2) to
identify factors associated with the variation in RDW
across the range of observed values, we do not believe
variation by analyzer/analytical technique would affect
the main messages from our study: (1) as RDW increases,
risk increases, and (2) only a minority of the observed
variation in RDW is explained by readily available clinical
or laboratory parameters.

Association between clinical variables and RDW
Although RDW can predict mortality and morbidity

among patients with cardiovascular disease and in other
populations, the factors responsible for this association
are not fully understood. It was previously believed that
higher RDWwas associated with clinical outcomes due to
coexisting anemia. However, several studies have shown
that the association of RDW with outcome was indepen-
dent of whether the patient was anemic.17,20-22 In the
current study, we showed that only 14% of the variation
in RDW could be explained by hemoglobin, which
strengthens the hypothesis that the mechanism underly-
ing the relationship between RDW and outcomes is not
explained by anemia alone. Other possible pathophysio-
logic mechanisms of this association have been sug-
gested, including inflammation, oxidative stress, impaired
iron metabolism, and nutritional deficiencies.3,23,24 To
the extent possible, we included parameters such as
hemoglobin, hematocrit, and serum creatinine in our
multivariable linear regression analysis examining factors
that explained variation in RDW. However, we did not
have a nutritional/dietary history, but did account for
body mass index, and did not systematically have
available a biomarker of inflammation, but accounted
for white blood cell count. The Charlson comorbidity
index would account to some extent for other major
concurrent illnesses, but we did not specifically exclude
patients with systemic inflammatory diseases such as
rheumatoid arthritis or lupus or chronic viral infections.
Red blood cell distribution width seems to be a chronic

disease phase reactant; however, given the small



Table II. Variables associated with RDW in univariable analysis

Variables Parameter estimate SE t P R2

Hemoglobin −0.304 0.009 −32.150 b.0001 0.1382
CHF severity 0.286 0.016 17.923 b.0001 0.0475
BUN 0.034 0.002 17.092 b.0001 0.0434
White race −0.559 0.041 −13.790 b.0001 0.0287
Female 0.380 0.036 10.474 b.0001 0.0167
Ejection fraction −0.014 0.001 −10.196 b.0001 0.0159
Modified Charlson index 0.197 0.022 9.073 b.0001 0.0126
Heart rate 0.007 0.001 6.980 b.0001 0.0075
Valvular disease 0.561 0.088 6.371 b.0001 0.0063
Age 0.008 0.001 5.679 b.0001 0.0050
Outpatient −0.145 0.035 −4.092 b.0001 0.0026
WBC 0.024 0.007 3.459 .0005 0.0019
Current or previous smoking −0.110 0.035 −3.114 .0019 0.0015
History of CABG 0.133 0.045 2.988 .0028 0.0014

Abbreviations: BUN, Blood urea nitrogen; CHF, chronic heart failure; WBC, white blood count.

Table III. Final multivariable model for factors associated with RDW (model R2 = 0.21)

Variables Parameter estimate SE t P Model R2

Hemoglobin −0.274 0.011 −25.362 b.0001 0.2108
White race −0.359 0.040 −9.072 b.0001
CHF severity 0.016 0.002 8.121 b.0001
BUN 0.134 0.017 7.883 b.0001
WBC 0.040 0.006 6.295 b.0001
Ejection fraction −0.007 0.001 −5.492 b.0001
Modified Charlson index 0.104 0.020 5.188 b.0001
Weight 0.004 0.001 5.120 b.0001
Systolic blood pressure −0.005 0.001 −5.064 b.0001
Diastolic blood pressure 0.007 0.002 4.344 b.0001
Valvular disease 0.330 0.082 4.029 b.0001
Sodium 0.020 0.006 3.422 .0006
Outpatient 0.096 0.035 2.726 .0064
History of MI −0.101 0.039 −2.589 .0096
Female 0.096 0.039 2.429 .0152
History of CABG 0.098 0.043 2.311 .0208
Age 0.002 0.002 1.130 .2587
Current or previous smoking 0.028 0.033 0.842 .3997

Abbreviations: BUN, Blood urea nitrogen; CHF, chronic heart failure; WBC, white blood count.
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percentage of variation explained by routinely assessed
clinical variables and that it remains a strong predictor of
outcome even when other biomarkers of risk are
considered,25 the pathophysiological underpinnings of
this relationship remain unclear. Further studies are
needed to elucidate the pathophysiology underlying
variation in RDW, which may provide insight into its
broad association with worse outcomes across a variety
of disease states, including coronary heart disease.

Strengths and limitations
This analysis was conducted in a sample of 6,447

patients, all of whom underwent coronary angiography
for evaluation of ischemic heart disease at a single center.
Therefore, these results may not be generalizable to other
populations. However, our confirmation of the associa-
tion of RDW with poorer outcomes is consistent with
results from other cohort studies. Importantly, a strength
of our study is that within the same cohort, we attempted
to explain this prognostic relationship by identifying
clinical and laboratory features that were associated with
the variation in RDW. Using access to our institution's
electronic data warehouse, we were able to consider a
wide range of clinical and laboratory variables for their
association with variation in RDW. This by no means
represents all of the possible information in the electronic
health record, but rather considered variables with
possible clinical relevance. Future studies applying
machine learning or other “big data” techniques may be
able to expand on our work and explain more of the
latent variability with information in the medical record.
Finally, in a small, nested case-control subset of the
cohort used in the current analyses, RDW was indepen-
dently associated with death and death or MI in elastic net
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models that considered 53 candidate protein predictors.
Because these models consider variable colinearity simulta-
neously with variable selection, these results suggest that
additional information, even beyond known biomarkers,
may also underpin variation in RDW and its association with
outcomes. This substudy was too small to be definitive, but
larger studies and deeper molecular characterization may
provide additional insight.
Conclusions
Red blood cell distribution width is a powerful indepen-

dent predictor of death and death or MI among patients
referred for coronary angiography. Only one-fifth of the
variation in RDW was explained by readily available clinical
and laboratory characteristics. Further investigation into the
latent factors underpinning variation in RDW may provide
novel mechanistic insight into cardiovascular risk and
identify novel targets to mitigate that risk.
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