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Differencesin the predictive value of red cell distribution width for the
mortality of patientswith heart failure dueto various heart diseases

Yang ZHANG', Yan WANG', Jin-Suo KANG?, Jin-Xing YU, Shi-Jie YIN? Xiang-Feng CONG',
Xi CHEN!

"Department of Clinical Laboratory Center, Fuwai Hospital & Cardiovascular Institute, Chinese Academy of Medical Sciences & Peking Union Medical Col-
lege, Beijing, China

*Department of Heart Failure Center, Fuwai Hospital & Cardiovascular Institute, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing, China

Abstract

Background Increased red blood cell distribution width (RDW) is associated with adverse outcomes in patients with heart failure
(HF). The objective of this study was to compare the differences in the predictive value of RDW in patients with HF due to different causes.
Methods We retrospectively investigated 1,021 HF patients from October 2009 to December 2011 at Fuwai Hospital (Beijing, China). HF
in these patients was caused by three diseases; coronary heart disease (CHD), dilated cardiomyopathy (DCM) and vavular heart disease
(VHD). Petients were followed-up for 21 + 9 months. Results The RDW, mortality and survival duration were significantly different
among the three groups. Kaplan-Meier analysis showed that the cumulative survival decreased significantly with increased RDW in patients
with HF caused by CHD and DCM, but not in those with HF patients caused by VHD. In a multivariable model, RDW was identified as an
independent predictor for the mortality of HF patients with CHD (P < 0.001, HR 1.315, 95% CI 1.122-1.543). The group with higher
N-terminal pro-brain natriuretic peptide (NT-proBNP) and higher RDW than median had the lowest cumulative survival in patients with HF
due to CHD, but not in patients with HF due to DCM. Conclusions RDW is a prognostic indicator for patients with HF caused by CHD
and DCM; thus, RDW adds important information to NT-proBNP in CHD caused HF patients.
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morphologica classification of anemia and the differential

1 Introduction ) . 4
diagnosis of small cell anemia!¥ Furthermore, RDW has

Heart failure (HF) is a chronic, progressive illness that
carries a very poor prognosis and is highly prevaent
worldwide!*3 HF affects nearly four million Chinese peo-
ple and is associated with elevated rates of mortaity.” To
target effective therapies for the most appropriate pa-
tients, there is a need for a simple but accurate prognostic
indicator.

Red cdll digtribution width (RDW) is readily available
from a standard full blood count and is a measure of varia-
tion in red blood cell (RBC) size. It is used clinically for
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been shown to be a powerful predictor of short- and
long-term outcomes in a patients with HF.> However, the
etiology of heart failure is a complex and may be caused by
myocardial systolic dysfunction, coronary artery disease,
endocrine disease, heart valve disease, hypertension, acute
pulmonary embolism, emphysema or other chronic lung
diseases. Thus, in this study, our primary aim was to inves-
tigate differences in the prognostic value of RDW among
patients with HF due to various heart diseases in order to
expand the application of RDW in such patients.

2 Methods

2.1 Study samples

We identified 1,021 consecutive patients with HF hospi-
talized in the HF ward in Fuwai Hospital (Beijing, China),
from October 2009 to December 2011. The diagnosis of HF
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was made by two clinicians with broad experience accord-
ing to the European Society of Cardiology (ESC) guide-
lines!® To reduce the impact of other factors on RDW or
the endpoint, the following patients were excluded: those
with incomplete medica records, under 18 years old, with
diseases such as infectious endocardial inflammation, aortic
dissection, consgtrictive pericarditis, hydropericardium and
pulmonary thromboembolism. In addition, patients with
thyroid disease, acute cerebral vascular disesse, cancer,
chronic obstructive pulmonary diseases, end-stage rena
disease and other diseases with the potential to change
RDW were excluded. All the patients were given standard
medication according to the guideine recommendations
during the period of hospitaization and after discharge.
Furthermore, all patients or their families were followed-up
in telephone calls after discharge. The endpoint was defined
as all-cause death. The study protocol was approved by the
local ethics committee in accordance with the Declaration of
Helsinki, and all study participants gave informed consent.

2.2 Clinical datacollection

Clinicd information on the patients, including age, sex,
body mass index (BMI) and complicating diseases, was
recorded on admission. Blood samples were taken from the
participants for measurements at basdline, including routine
blood tests, N-terminal pro-brain natriuretic peptide
(NT-proBNP) and biochemical indexes. The blood samples
were collected using a standard procedure after a 1-h fagt,
and were sent to the core laboratory of Fuwai Hospital for
immediate testing using standard techniques. The RDW,
RBC count, and hemoglobin (Hb) were tested using Sysmex
XE-2100 blood cell anadyzers and appropriate reagents;
alanine aminotransferase (AL T), aspartate aminotransferase
(AST), total protein (TP), abumin (ALB), totd bilirubin
(TBIL), direct bilirubin (DBIL), blood urea nitrogen (BUN),
serum creatinine (CREA), uric acid (URIC) and high-sen-
sitivity C-reactive protein (hssCRP) were assayed using a
Hitachi 7180 biochemistry autoanalyzer; plasma NT-proBNP
was measured with a dedicated kit (NT-proBNP assays,
Biomedica, Vienna, Austria). Chest X-radiography and
echocardiography were performed and the Ieft ventricular
gection fraction (LVEF) was measured according to the
biplane Simpson rule. During the follow-up period, adverse
events after discharge, such as rehospitalization due to HF
or dl-cause death, were recorded. If a patient was readmit-
ted several times for HF exacerbation, we recorded the time
of the first readmission. If a patient was readmitted to hos-
pital and then died, death was regarded as an adverse event
and the time of death was recorded. Following an al-cause
death event, the follow-up period for this patient ended.

2.3 Statistical analyses

The results are presented as percentages for dichotomous
variables, mean + SD for parametric continuous variables,
and the median (interquartile range) for nonparametric con-
tinuous variables. Two groups were compared by t-test or
Mann-Whitney U-test or the Kruskal-Wallis H-test; further
comparisons were performed by the Bonferroni method.
Univariate anaysis was used to select clinical variables,
which were related to an endpoint with a P-value of < 0.05.
A multivariate Cox proportiona hazards model was used to
calculate risk ratios for independent predictors of mortality
with incremental increases in continuous variables. The
RDW was non-normally distributed and is represented as
the median [first quartile, third quartile: M (Q1, Q3)]. The
survival rate of patients, estimated by Kaplan-Meier and
log-rank tests, was analyzed to investigate the difference
between two groups. Receiver operating characteristic
(ROC) curve analysis was used to estimate the predictive
value of RDW for death risk in patients with HF; the areas
under the curve (AUC) were compared by the Z-test. The
data were analyzed statistically using SPSS version 17.0.

3 Reaults

3.1 Basdinecharacteristics

In total, 1,021 participants were enrolled consecutively in
this study. During the follow-up period (21 = 9 months),
116 (11.4%) participants were lost to follow-up, and 137
(15.1%) patients died. Effective follow-up was achieved for
905 cases (Figure 1). The mean age of the participants was
59.4 + 13.6 years. The potential causes of HF were CHD
(503, 55.6%), dilated cardiomyopathy (155, 17.1%), and
vavular disease (155, 17.1%). Other characteristics of the
patientsarelisted in Table 1.

Patients follow-up for HF

(n=1021)
Lost Effective
(n=116) (n=905)
CHD-HF DCM-HF VHD-HF Other HF
(n=7503) (n=155) (n=155) n=92)

Figurel. Selection of follow-up patients. CHD: coronary heart
disease; DCM: dilated cardiomyopathy; HF: heart failure VHD:
valvular heart disease.
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Tablel. Patients characteristicsaccording to cardiac death events.

All patients (n = 905) Dead patients (n = 137) Surviving patients (n = 768) P-value
Age, yrs 594+ 136 60.4+14.4 59.3+135 0.390
Male, n (%) 641 (70.5) 93(67.9) 548 (71.4) 0.410
BMI, kg/m? 245+4.1 26+ 4.4 248+39 <0.001
SBP, mmHg 121.8+20.6 1139+ 205 123.2+20.3 <0.001
DBP, mmHg 728+ 126 69.7+11.6 733x12.7 0.002
Heart rate, beats/min 780+ 16.7 814+175 77.3+165 0.009
NYHA classll: 111: 1V, % 18.1:43.9:38.0 11.1: 36.8: 52.1 25.8: 45.5: 28.7 <0.001
LVEF, % 470+ 152 36.8+ 138 487+ 148 <0.001
RDW, % (IQR) 13.4(12.8, 14.5) 14.8 (13.6, 16.3) 13.3(12.8,14.3) <0.001
NT-proBNP, fmol/mL (IQR) 1566.0 (766.0, 3003.2) 4158.1 (2404.8, 6101.8) 1347.8(718.5, 2391.9) <0.001
Hb, g/'L (IQR) 136 (124, 148) 132 (119, 147) 137 (125, 147) 0.01
RBC, 10“/L (IQR) 45(4.1,4.9) 4.4(39,5.0) 45(4.1,4.9) 0.033
TP, g/L(IQR) 70.1(65.7, 74.9) 68.0 (62.8, 73.6) 70.4 (66.0, 75.5) 0.008
ALB, gL(IQR) 40.7 (37.7,43.4) 37.7(339,41.1) 41.1(38.3,43.9) <0.001
ALT, IU/L (IQR) 24.0 (16,0, 39.0) 23 (15.5, 44.5) 24.0(16.0, 38.0) 0.916
AST, IU/L (IQR) 26.5(20.0, 37.8) 31(22, 41) 26 (20, 37) 0.023
TBIL, umol/L (IQR) 19.0 (13,5, 29.3) 27.3(17.0,41.4) 18,6 (13.1,27.7) <0.001
DBIL, mol/L (IQR) 32(21,53) 5.2(3.1,10.8) 3.0(2.0,48) <0.001
BUN, mmol/L (IQR) 7.35(5.74,9.67) 9.4(7.6,12.7) 7.3(57,9.3) <0.001
URIC, umol/L (IQR) 377.5(303.0, 485.2) 4589 (354.5, 548.6) 3685 (307.0, 467.5) <0.001
CREA, umol/L (IQR) 91.4 (76.4,113.5) 103.0(80.7, 129.7) 91.4(76.9, 111.9) <0.001
hs-CRP, mg/L (IQR) 3.62 (1.64, 9.66) 8.51(3.20, 11.2) 3.17(1.54,9.13) <0.001

ALB: abumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body massindex; BUN: blood urea nitrogen; CERA: cregtinine; DBIL:
direct bilirubin; DBP: diastolic blood pressure; Hb: hemoglobin; hs-CRP: highly sensitive C-reactive protein; IQR: interquartile range; LVEF: left ventricular
gection fraction; NT-proBNP: amino terminal B-type natriuretic peptide; NYHA class: New York Heart Association functiona class, RBC: red blood cell;
RDW: red blood cell distribution width; SBP: systolic blood pressure; TBIL: total bilirubin; TP: total protein; URIC; uric acid.

3.2 RDW is an independent risk factor for death in
patientswith HF

In the univariate analyss, the significant clinical vari-
ables were BMI, NYHA heart function classification, blood
pressure, heart rate, LVEF, RDW, NT-proBNP, hs-CRP, Hb,
TP, ALB, ALT, AST, TBIL, DBIL, BUN, CREA, and
URIC. In the multivariate Cox proportional hazard analysis,
RDW was identified as a significant variable in predicting
mortdity (Table 2).

Table2. Cox multivariaterisk ratio for mortality.

) Incre- Multivariate Risk Ratio

Variable P-value
ment (95% CI)

RDW, % +1 <0.001 1.102 (1.038-1.171)
NT-proBNP, fmol/mL + 100 <0.001 1.020 (1.014-1.027)
Hb, g/L +10 0.487
LVEF, % +10 <0.05 0.915 (0.840-0.999)
CREA, pmol/L +10 0.392 -
Age, yrs +10 0.06

CERA: cregtining; Hb: hemoglobin; LV EF: left ventricular gjection fraction;
NT-proBNP: amino termina B-type natriuretic peptide; RDW: red blood
cell distribution width.

3.3 Differencesin the prognostic value of RDW in pa-
tientswith HF dueto variousheart diseases

CHD, DCM, and VHD are the main causes of HF.
Therefore, we selected patients with these three main causes
for this study and stratified the population into three groups
accordingly. In the univariate analysis, RDW remained a
predictor of mortdity in patients with CHD and DCM, but
not in those with VHD (Table 3).

Kaplan-Meier analysis was used to evauate the predic-
tive ability of RDW on cumulative surviva by stratification
of the patients into four groups according to the quartiles of
RDW. It was found that cumulative survival was signifi-
cantly lower in patients with CHD and DCM in the higher
quartiles of RDW, but cumulative survival was not signifi-
cantly different for those with VHD (Figure 2).

As shown in Table 4, after adjustment for potential con-
founding factors (NT-proBNP, Hb, LVEF, and age) in a
multivariable Cox proportional hazards model, RDW re-
mained an independent predictor for CHD mortality; how-
ever, RDW was no longer a predictor for DCM mortality.

We gtretified the population into three groups according
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Table3. Univariateanalysisof predictorsfor major causesof heart failure.

CHD (n =503) DCM (n = 155) VHD (n = 155)
HR (95% CI) P-value HR (95% Cl) P-value HR (95% Cl) P-value
Age, yrs 1.020 (0.995-1.045) 0.121 1.003 (0.980-1.027) 0.788 1.027 (0.995-1.060) 0.100
Malevs. female 1.641 (0.957-2.813) 0.072 0.942 (0.429-2.066) 0.881 0.672 (0.314-1.438) 0.306
BMI, kg/m?? 0.835 (0.769-0.906) 0.000 0.909 (0.837-0.987) 0.024 0.902 (0.814-1.001) 0.052
SBP, mmHg 0.981 (0.967-0.995) 0.007 0.971 (0.949-0.994) 0.015 0.988 (0.968-1.009) 0.254
DBP, mmHg 0.988 (0.966-1.011) 0.300 0.954 (0.924-0.985) 0.004 0.986 (0.959-1.014) 0312
Heart rate, beats/min 1.036 (1.020-1.052) 0.000 0.983 (0.965-1.001) 0.069 1.009 (0.990-1.029) 0.341
NYHA class 1.894 (1.308-2.743) 0.001 1.751 (1.016-3.020) 0.044 2,530 (1.357-4.718) 0.003
LVEF, % 0.932 (0.913-0.952) 0.000 0.958 (0.915-1.003) 0.067 0.966 (0.942-0.991) 0.009
RDW, % (IQR) 1.464 (1.327-1.616) 0.000 1.355 (1.225-1.499) 0.000 1.086 (0.915-1.289) 0.344
NT-proBNP, fmol/mL(IQR) 1.000 (1.000-1.000) 0.000 1.001 (1.000-1.001) 0.000 1.000 (1.000-1.001) 0.000
Hb, g/L (IQR) 0.976 (0.964-0.988) 0.000 0.993 (0.975-1.011) 0.456 0.989 (0.973-1.005) 0.193
RBC, 1012/L (IQR) 0.673 (0.443-1.023) 0.064 0.849 (0.521-1.386) 0513 0.640 (0.385-1.062) 0.084
TP, gL (IQR) 0.965 (0.930-1.001) 0.059 0.953 (0.911-0.999) 0.039 0.960 (0.925-0.996) 0.031
ALB, glL (IQR) 0.844 (0.802-0.887) 0.000 0.884 (0.832-0.939) 0.000 0.915 (0.864-0.970) 0.003
ALT, IU/L (IQR) 1.003 (1.002-1.004) 0.000 1.000 (0.993-1.007) 0.929 1.003 (1.001-1.005) 0.001
AST, IUL (IQR) 1.001 (1.001-1.002) 0.000 1.000 (0.992-1.008) 0.959 1.004 (1.002-1.006) 0.000
TBIL, umol/L (IQR) 1.011 (1.003-1.020) 0.006 1.017 (1.008-1.026) 0.000 1.005 (0.995-1.016) 0.330
DBIL, pmol/L (IQR) 1113 (1.075-1.151) 0.000 1.045 (1.030-1.061) 0.000 1.012 (0.990-1.035) 0.294
BUN, mmol/L (IQR) 1119 (1.087-1.152) 0.000 1.197 (1.094-1.309) 0.000 1.067 (1.008-1.131) 0.027
URIC, pmol/L (IQR) 1.005 (1.003-1.006) 0.000 1.003 (1.001-1.006) 0.001 1.002 (1.000-1.005) 0.025
CREA, pmol/L (IQR) 1.006 (1.003-1.000) 0.000 1.002 (0.990-1.014) 0.729 1.011 (1.005-1.018) 0.000
hs-CRP, mg/L (IQR) 1.093 (1.034-1.154) 0.002 1.104 (1.023-1.192) 0.011 1.158 (1.066-1.258) 0.001

ALB: dbumin; ALT: danine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; BUN: blood urea nitrogen; CERA: creatining; CHD:
coronary heart disease; DBIL: direct bilirubin; DBP: diastolic blood pressure; DCM: dilated cardiomyopathy; Hb: hemoglobin; hs-CRP: highly sensitive
C-reactive protein; HR: hazard ratio; IQR: interquartile range; LV EF: left ventricular gjection fraction; NT-proBNP: amino termina B-type natriuretic peptide;
NYHA class: New York Heart Association functiond class; RBC: red blood cell; RDW: red blood cell distribution width; SBP: systolic blood pressure; TBIL:

total bilirubin; TP: total protein; URIC; uric acid; VHD: valvular heart disease.

to the cause of HF and found that the median RDW, mortal-
ity during the follow-up period and median surviva time
were significantly different in the three groups of patients.
Median RDW and mortality were significantly higher in
patients with VHD and DCM than in patients with CHD
and the survival time in these patients was shorter than that
of patients with CHD, with no differences between the pa-
tientswith VHD and DCM (Table5).

Parameters of the ROC curves examining the power of
RDW to predict mortality in patients with HF are shown in
Table 5. The prognostic values of the RDW in various heart
diseases were different. The AUC of RDW for predicting
mortality due to CHD and DCM was 0.704 (P < 0.001, 95%
Cl: 0.609-0.799) and 0.753 (P < 0.001, 95% CI:
0.647-0.860), respectively, with no significant difference
between the two vaues (P > 0.05). However, the AUC of
the RDW for predicting mortality from VHD was 0.593 (P
=0.168).

34 RDW adds important prognostic information to
NT-proBNP in HF dueto CHD

We then dratified the population into four groups ac-
cording to the median of RDW (13.4%) and NT-proBNP
(1566.0 fmol/mL) with the purpose of exploring the power
of RDW to adding prognostic information to NT-proBNP.
We found that the group of patients with RDW > 13.4% and
NT-proBNP > 1566.0 fmol/mL had the lowest cumulative
survival in patients with HF due to CHD (Figure 3A).
However, for those patients with the NT-proBNP phase at
the same level, the cumulative survival was significantly
lower in patients with increased RDW. In patients with HF
due to DCM, it was found that cumulative survival of pa-
tients with RDW < 13.4% and NT-proBNP > 1566.0
fmol/mL was significantly lower than the group of patients
with RDW > 13.4% and NT-proBNP > 1566.0 fmol/mL
(Figure 3B).
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Figure 2. Survival curves for patients with heart failure of different etiologies. Kaplan-Meier survival curves showing the total HF
patients with heart failure (A); HF patients due to coronary heart disease (B); dilated cardiomyopathy (C); and valvular heart disease (D)

grouped by RDW quartile. CHD: coronary heart disease; DCM: dilated cardiomyopathy; HF: heart failure; RDW: red cell distribution width;
VHD: valvular heart disease.

Table4. Cox multivariaterisk ratio for mortality from CHD and DCM.

. CHD DCM
Variable I ncrement — - - — - -

P-value Multivariate Risk Ratio (95% CI) P-value Multivariate Risk Ratio (95% CI)
RDW, % +1 <0.001 1.347 (1.150, 1.578) 0.264
NT-proBNP, fmol/mL +100 0.029 1.016 (1.002, 1.031) <0.001

1.057 (1.026, 1.088)

Hb, g/L +10 0.104 -
LVEF, % +10 0.003 0.636 (0.474, 0854) 0.843
Age, yrs +10 0.395 0.767

CHD: coronary heart disease; DCM: dilated cardiomyopathy; Hb: hemoglobin; LVEF: left ventricular gection fraction; NT-proBNP: amino termina B-type
natriuretic peptide; RDW: red blood cell distribution width.

and, when devated, defines the state of anisocytosis. Felker
et al.l¥ first reported the increase in mortality and morbidity
in patients with CHF and elevated RDW. Subsequent studies

4 Discussion

RDW reflects the variability in size of circulating RBCs
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Table5. RDW, mortality and survival timein thethree groups, and ROC curve analysis.

) Mortality RDW (%) Survival time (day) ROC curveanalysis
Cause of heart failure (n)
(%) M (Q1, Q3) M (Q1, Q3) AUC P-value AUC 95% ClI
CHD (503) 117 13.1(12.6,13.8) 726.0 (495.0, 882) 0.704 <0.001 0.609-0.799
VHD (155) 19.4 14.0(13.4,15.3)” 657.0 (444.0, 864.0)° 0.593 0.168 0.462-0.724
DCM (155) 23.2 13.9(13.0, 14.9)” 628.0 (412.0, 852.0)" 0.753 <0.001 0.647-0.860
P-value 0.001 <0.001 0.005 >0.05a — —

*P < 0.05, **P < 0.01; A P-values of AUC are calculated by comparison between CHD and DCM. AUC: areaunder the curve; CHD: coronary heart disease;
DCM: dilated cardiomyopathy; ROC: receiver operator characteristic; VHD: valvular heart disease.
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Figure 3. Survival curves for patients with heart failure of different etiologiesaccording to median concentrations of RDW and
NT-proBNP. (A): Surviva curves of patients with coronary heart disease grouped by median concentrations of RDW and NT-proBNP; (B):
survival curves of patients with dilated cardiomyopathy grouped by median concentrations of RDW and NT-proBNP. CHD: coronary heart
disease; DCM: dilated cardiomyopathy; NT-proBNP: amino terminal B-type natriuretic peptide; RDW: red cell distribution width.

showed that increased RDW is associated with increased
mortality in patients with chronic and acute HF,***3 acute
myocardia infarction™*'¥ coronary artery disease!*>*"
acute coronary syndromes*® and stroke™® However, HF is
acomplex disease, with avariety of causes™ Therefore, in
this study our primary aim was to investigate differences in
the prognostic value of RDW among patients with HF due
to various heart diseases and to apply it more effectively in
predicting outcomes of HF patients.

4.1 Prognostic value of RDW in patients with HF due
tovarious heart diseases

Kaplan-Meier analysis was used to evaluate the effect of
RDW on cumulative surviva by stratification of the patients
into four groups according to the quartile of RDW.

411 RDW and CHD-HF

Cumulative survival was significantly lower in patients
with CHD in the higher quartiles of RDW. The AUC of

RDW for predicting the mortality of HF patients due to
CHD was 0.704, showing that that RDW is an effective
predictor of mortality in this group.

After adjustment for potential confounding factors
(NT-proBNP, Hb, LVEF, and age) in a multivariable Cox
proportional hazards model, RDW remained an independent
predictor for CHD mortality. Consequently, we considered
combining RDW with another biomarker to testify whether
RDW could provide additiona information for prognosis.
On this occasion, NT-proBNP is a good choice as it has
relatively authoritative power in the prognosis of HF.[*+%
The lowest cumulative survivd for the patients with CHD
was observed in the group with both RDW and NT-proBNP
above the median values. In addition, with NT-proBNP
values of the same level, the cumulative survival of patients
with RDW above the median was lower than those with
RDW below the median (dark bluelinevs. red line and light
blue line vs. green line in Figure 3A). These data indicate
that the combination of NT-proBNP and RDW provide
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more information on the prognosis of patients with HF due
to CHD than that provided by NT-proBNP aone.

412 RDW and DCM-HF

Cumulative survival was significantly lower in patients
with DCM in the higher quartiles of RDW. The AUC of
RDW for predicting the mortality of HF patients due to
DCM was 0.753, showing that that RDW is an effective
predictor of mortality in this group.

However, after adjustment for potential confounding
factors (NT-proBNP, Hb, LVEF, and age) in amultivariable
Cox proportional hazards model, RDW was no longer a
predictor for DCM mortality. The combination of NT-
proBNP and RDW failed to provide additiona information
for prognosis of patients with HF due to DCM than that
provided by NT-proBNP alone. This may be related to the
small number of patientsin this group.

413 RDW and VHD-HF

Cumulative survival in every RDW quartile group was
similar in patients with VHD. The AUC of RDW for pre-
dicting the mortality of HF patients due to VHD was 0.593,
indicating that RDW is not an effective predictor of mortal-
ity in this group.

These published data and the novel observations of this
study provide a further understanding of why measurement
of RDW is more appropriate in HF caused by coronary ar-
tery disease and DCM, thanin VHD.

4.2 Study limitations

The current study has severd limitations. Although it
was a single-center study with consecutive patient enrol-
ment from both in- and outpatient departments, patient het-
erogeneity may represent some background bias. HF is as-
sociated with many diseases. Due to the small number of
cases of HF due to some of these diseases, in this study, we

investigated only three main causes. CHD, DCM, and VHD.

CHD (55.7%) is first leading cause of heart failures in
China, followed by other caused including DCM, VHD, and
hypertension. In the present study, the heart failure patients
were continuoudly included, and thus the number of the
patients with CHD was the highest (n = 503), while the
number of the ones with the other two diseases, namely
DCM (n = 155) and VHD (n = 155), was lower. Further
large-scae studies are required to obtain more comprehen-
sive data.

4.3 Conclusions

Accumulating evidence shows that different strategies
are required to treat HF caused by different diseases. We

identified differences in the prognostic value of RDW in
patients with HF due to CHD, DCM and VHD. In conclu-
sion, our study indicates that RDW is predicative for the
mortality of HF patients due to CHD and DCM, but not
VHD. In a multivariable Cox proportional hazards model,
RDW was no longer found to be an independent predictor
of DCM mortality. The combination of NT-proBNP and
RDW provide more information on the prognosis of patients
with HF due to CHD than that provided by NT-proBNP
aone. This study should prompt further evaluation of the
association between RDW and outcome in HF due to dif-
ferent to improve our understanding of the pathophysiology
and to improve risk-stratification.
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