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Abstract: Object: Elevated red cell distribution width (RDW) is associated with adverse outcomes in patients with 
heart failure. However, the prognostic value of RDW in non-ischemic dilated cardiomyopathy (NIDCM) remains to 
be further explored. A total of 124 consecutive patients with NIDCM were enrolled in this study. The association 
between RDW and the prognosis of NIDCM patients, including re-hospitalization risk and death risk, was assessed 
using Cox’s proportional hazards analysis. Results: RDW was elevated in 63 (50.8%) patients. During follow-up, the 
re-hospitalization rate and all-cause mortality were 58.9% and 28.2%, respectively. Kaplan-Meier survival curve 
showed that the incidence of both end points was significantly higher in the RDW elevated group than in the RDW 
normal group (P<0.001). Multiple Cox proportional hazard analysis indicated that RDW (1% higher) remained as 
independent predictor for all-cause death in patients with NIDCM (hazard ratio, 1.51; 95% confidence interval, 
1.21~1.87; P<0.001) and re-hospitalization (hazard ratio, 1.19; 95% confidence interval, 1.06~1.34; P=0.005) af-
ter adjustment for other covariates. Conclusion: When RDW was increased by 1%, re-hospitalization of heart failure 
and all-cause mortality increased by 19% and 51%, respectively. Our study further investigated the independently 
predicting role of RDW for patients with NIDCM, elevation of RDW could provide useful information for the long-term 
prognosis of NIDCM.
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Introduction

Heart failure (HF) is a chronic and progressive 
disease with high mortality overall world. It 
could be induced by various causes (i.e. isch-
emia, viral infection, etc.) and presents as the 
final stage of all heart diseases. In clinical prac-
tice, ischemic cardiomyopathy and non-isch-
emic cardiomyopathy are two major pathogen-
esis of HF. Non-Ischemic Dilated cardiomyopa-
thy (NIDCM) is the primary non-ischemic heart 
muscle disease, as well as one of the major 
cause for heart failure [1]. 

Red blood cell distribution width (RDW) is a 
simple parameter of the standard full blood 
count and a measure of heterogeneity in the 
size of circulating erythrocytes, which has tradi-
tionally played a role in the differential diagno-
sis of anaemia.

It has been reported that elevated RDW is 
deeply related with adverse outcomes of HF 
patients [2, 3]. However, this association was 
dependent of other hematological variables 
such as mean corpuscular volume (MCV) and 
even hemoglobin or hematocrit levels [2]. The 
etiology of heart failure is also complex and 
may be caused by coronary artery disease, 
endocrine disease, heart valve disease, hyper-
tension, acute pulmonary embolism, emphyse-
ma or other chronic lung diseases. NIDCM 
occupies relatively certain proportion of HF, and 
the pathogenesis and prognosis of NIDCM are 
completely different from those of heart failure 
caused by ischemia or other reasons. However, 
the prognostic impact of RDW in patients with 
NIDCM has not been fully elucidated. In the 
present study, we investigated the association 
between RDW level and long-term prognosis in 
patients with NIDCM.
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Materials and methods 

Study participants 

This study complied with the Declaration of 
Helsinki, and the study was approved by the 
Ethics Committee of the First Affiliated Hospital 
of Zhengzhou University. Informed consent was 
obtained from every enrolled patient. 124  
consecutive cases of inpatient with NIDCM  
(91 men; mean age: 51.6±14.7 years; range, 
16-80) were selected from the Department of 
Cardiology in the First Affiliated Hospital of 
Zhengzhou University.

NIDCM is defined as a primary heart muscle 
disease characterized by systolic dysfunction 
and dilatation of the left or both ventricles in 
the absence of abnormal loading conditions 
(hypertension, valve disease) or coronary ar- 
tery disease sufficient to cause global systolic 
impairment, usually leading to heart failure, 
ventricular/supraventricular arrhythmias, thro- 
mboembolism and sudden cardiac death (SCD) 
[1]. Reduced ejection fraction (EF) (EF<40%)  
or borderline preserved EF (ranged from 41%  
to 49%), are both defined as heart failure 
clinically. 

Patients were included if the left ventricu- 
lar end-diastolic diameter (LVEDD) >55 mm 
(male)/50 mm (female) with left ventricular 
ejection fraction (LVEF) <50%, admission to 
echocardiography. The exclusion criteria of the 
study was patients with acute myocarditis, spe-
cific heart muscle disease, general systemic 
disease, significant coronary artery stenosis 
(defined as diameter narrowing of >50% in  
any of the major coronary arteries or their 
branches), hypertension (>160/100 mmHg), 
valvular disease, and sensitivity/toxic reactions 
[2, 3]. All the patients were given standard 
medication according to the guideline recom-
mendations during the period of hospitalization 
and after discharge. 

Clinical data collection

Trained research assistants, who retrospec-
tively reviewed all individual medical records, 
undertook the data collection. Basic informa-
tion including age, sex, medical histories, 
course of NIDCM, NYHA heart function classifi-
cation, history of smoking and alcohol, medical 
history of diabetes, COPD and atrial fibrillation, 

and data regarding treatment (oral medications 
and whether with pacemaker therapy) were col-
lected. Blood samples were taken from the 
enrolled patients for measurements at base-
line. Laboratory measurements were conduct-
ed by the clinical laboratory of the First Affiliat- 
ed Hospital of Zhengzhou University, including 
RDW, hemoglobin, serum N-terminal pro-brain 
natriuretic peptide (NT-pro BNP), serum sodi-
um, renal function and total serum protein. 
LVEF and the size of cardiac chambers (left 
atrial and both ventricles) were calculated by 
2-dimensional echocardiography using a di- 
gital imaging system (Vivid-7; GE Medical 
System, Willoughby, OH). All the data above 
were collected in the first three days of hos- 
pitalization. During the following-up period, 
adverse events after discharge, were recorded. 
We set all-cause death and re-hospitalization 
due to heart failure as the primary clinical out-
comes. All patients were followed-up in tele-
phone after discharge until April 2017 or the 
incidence of the two primary outcomes. 

Statistical analysis

The data was analyzed with SPSS version 22.0 
(IBM SPSS Inc, Chicago, IL). Continuous vari-
ables were presented as medians (inter-quar-
tile) ranges or the mean ± standard deviations 
(SD). The Shapiro-Wilk’s test was performed to 
evaluate normality. Categorical variables were 
presented as absolute and relative frequen-
cies. Mean values in groups were compared us- 
ing parametric statistics (Student’s t test and 
analysis of variance) or nonparametric statis-
tics (Mann-Whitney and Kruskal-Wallis’ tests), 
depending on the distribution of the variable of 
interest. The categorical variables were com-
pared using general X2 test or Fisher’s exact 
test. If distribution of variables was normal, we 
selected the Pearson’s correlation analysis for 
univariate correlation analysis; and if not nor-
mal, Spearman’s correlation analysis was cho-
sen. To identify independent predictors of RDW, 
multivariate linear regression analysis was per-
formed following univariate correlations, with 
variables which have a retention of P-value less 
than 0.01 entering into the model. A multivari-
ate Cox proportional hazards model was used 
to calculate risk ratios for independent predic-
tors of mortality and re-hospitalization in con-
tinuous variables. To investigate the difference 
of survival rate and re-hospitalization rate of 
patients between the two groups, Kaplan-Meier 
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and Log-rank tests were applied. Restricted 
cubic splines transformation and High-Low ch- 
arts were completed by R-project version 3.4.2 
and SPSS, respectively. The difference was sta-
tistically significant when P-value <0.05.

Results 

Baseline characteristics of subjects

RDW of enrolled patients ranged from 12.1% to 
21.4%, the median was [14.6 (13.5, 16.2)]%, 
and expression of RDW in 63 patients (50.8%) 

was above the upper limit. With RDW>14.5%  
as the threshold, the enrolled patients were 
classified into RDW normal group and RDW 
elevated group. According to the expression  
of RDW, patients were divided into two groups 
(i.e. RDW≤14.5% group [Normal group] and 
RDW>14.5% group [Elevated group]), and com-
parison of baseline characteristics between 
the two groups is listed in Table 1.

Between the 2 groups, there were no significant 
differences in comparison of age, gender, dis-
ease duration, smoking history, alcohol history, 

Table 1. Baseline characteristics of study patients stratified by RDW below or above the upper limit of 
normal
Clinical variables Total patients N=124 RDW≤14.5% N=61 RDW>14.5% N=63 P-value
Age (years) 51.6±14.7 53.9±14.2 49.4±14.9 0.092
Gender (% male) 91 (73.4) 45 (73.8) 46 (73.0) 0.924
NYHA functional class (%) <0.001
    II-III 62 (50.0) 41 (67.2) 21 (33.3)
    IV 62 (50.0) 20 (32.8) 42 (66.7)
Disease duration (years) 2 (0.5) 2 (0.5) 3 (1.5) 0.088
Smoking history (%) 32 (25.8) 17 (27.9) 15 (23.8) 0.606
Alcohol history (%) 22 (17.7) 14 (23.0) 8 (12.7) 0.135
Diabetes (%) 25 (25.1) 15 (24.6) 10 (15.9) 0.226
COPD (%) 7 (5.6) 4 (6.6) 3 (4.8) 0.715
Atrial fibrillation (%) 36 (29) 17 (27.9) 19 (30.2) 0.779
β receptor blocker (%) 90 (72.6) 46 (75.4) 44 (69.8) 0.487
ACEI/ARB (%) 107 (86.3) 53 (86.9) 54 (85.7) 0.850
Spirolactone (%) 111 (89.5) 50 (82.0) 61 (96.8) 0.007
Pacemaker (%) 13 (10.5) 5 (8.2) 8 (12.7) 0.413
RVEDD (mm) 20.0 (17.0, 22.8) 18.0 (17.0, 20.5) 21 (18.0, 27.0) <0.001
LAD (mm) 47 (40, 52) 44 (39, 49) 50 (42, 55) 0.001
LVEDD (mm) 69 (61, 77) 69.0 (61.5, 76.0) 70.0 (60.0, 78.0) 0.830
LVEF (%) 32 (28, 36) 33 (29, 37) 30 (28, 35) 0.116
SBP (mmHg) 117.0±16.6 121.5±16.4 112.3±15.8 0.003
DBP (mmHg) 72.4±11.8 75.3±12.5 69.6±10.4 0.007
Serum sodium (mmol/L) 139.5 (135.3, 142.3) 141.2 (137.5, 143.0) 138.0 (135.0, 141.0) 0.001
Uric acid (μmol/L) 470.0 (342, 657.5) 415 (316, 592) 510 (405, 670) 0.010
Scr (mL/min) 80.0 (71.0, 100.8) 77.0 (65.0, 92.5) 83.0 (76.0, 108.0) 0.014
Urea nitrogen (mmol/L) 7.6 (6.1, 10.0) 7.2 (5.7, 9.6) 8.5 (6.3, 10.1) 0.083
GFR (ml/min) 87.9 (68.0, 100.6) 91.5 (73.7, 101.2) 82.6 (66.2, 98.2) 0.122
N-Pro BNP (pg/mL) 3570 (1572, 10780) 2320 (1082, 7150) 5580 (3000, 12333) 0.001
Total serum protein (g/L) 65.5 (60.6, 69.6) 64.8 (60.2, 70.2) 65.5 (60.9, 69.1) 0.859
Hemoglobin (g/L) 138.0 (126.0, 146.8) 142.0 (129.0, 147.5) 136.0 (124.0, 145.0) 0.168
RDW (%) 14.6 (13.4, 16.2) 13.4 (13.1, 13.9) 16.2 (15.1, 16.7) <0.001
Data are expressed as mean ± SD or median (interquartile range). RDW, red cell distribution width; COPD, chronic obstructive 
pulmonary disease; RVEDD, right ventricular end-diastolic diameter; LAD, left atrial diameter; LVEDD, left ventricular end-dia-
stolic dimension; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure; Scr, serum 
creatinine; GFR, glomerular filtration rate; BNP, brain natriuretic peptide.
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medical history in diabetes, COPD, or atrial 
fibrillation, the rate of utilization in β receptor 
blocker or ACEI/ARB, cardiac pacemaker im- 
plantation, LAD, LVEF, urea nitrogen, GFR, total 
serum protein or hemoglobin (P>0.05). A great-
er number of patients with elevated RDW had a 
higher rate of utilization in spirolactone, higher 
levels of NYHA heart functional class, right ven-
tricular end diastolic diameter (RVEDD), LVEDD, 
uric acid, Scr, and N-Pro BNP (P<0.05). In addi-
tion, subjects with elevated RDW had signi- 
ficantly lower levels of SBP, DBP and serum 
sodium (P<0.05). 

Correlation analysis between RDW and other 
clinical factors

To determine association of other clinical fac-
tors with RDW, we first performed a single relat-
ed analysis to screen the significant indepen-
dent variables and then followed with a multiple 

RDW normal group and 79.4% of patients in 
RDW elevated group.

Kaplan-Meier survival analysis was used to 
evaluate the predictive ability of RDW on cumu-
lative survival and re-hospitalization for pati- 
ents with NIDCM. Results showed that patients 
with an elevated RDW on admission had signifi-
cantly higher mortality and re-hospitalization 
rate compared with RDW normal group (Figure 
1; P<0.001).

In the univariate analysis and multivariable 
analysis, RDW remained a predictor of mortali-
ty (Table 3) and re-hospitalization (Table 4) in 
patients with NIDCM. Unadjusted and adjusted 
results were reported as odds ratios (ORs) with 
95% confidence interval (CIs) (Figure 2). Especi- 
ally, RDW (1% higher) was the prognostic factor 
for re-hospitalization (hazard ratio, 1.19; 95% 
confidence interval, 1.06~1.34; P=0.005) and 

Table 2. Univariate and multivariable correlations of RDW with other 
clinical indicators

Clinical variables
Univariate Multivariable

r P-value r P-value
Smoking history (%) -0.172 0.056 - -
Disease duration (years) 0.199 0.027 - -
NYHA functional class (%) 0.295 0.001 - -
Spirolactone (%) 0.315 <0.001 0.456 0.015
RVEDD (mm) 0.400 <0.001 0.399 <0.001
LAD (mm) 0.246 0.006 - -
Serum sodium (mmol/L) -0.325 <0.001 - -
Uric acid (μmol/L) 0.210 0.019 - -
Creatinine clearance (mL/min) 0.246 0.006 - -
Urea nitrogen (mmol/L) 0.241 0.007 - -
N-Pro BNP (pg/mL) 0.288 0.001 0.490 0.027
RVEDD, right ventricular end-diastolic diameter; LAD, left descending artery; BNP, 
brain natriuretic peptide.

Figure 1. Kaplan-Meier survival analysis depicting the rates of survival (A) and 
re-hospitalization (B) in relation to RDW.

linear regression analysis. 
Smoking history, disease 
duration, NYHA heart func-
tional class, spirolactone, 
RVEDD, LAD, serum sodium, 
uric acid, creatinine clearan- 
ce, urea nitrogen and N-Pro 
BNP were set up as covari-
ates and RDW was set as 
dependent variable. Results 
of analysis indicated that the 
levels of RDW was positive- 
ly correlated with RVEDD 
(r=0.399, P<0.001), NT-pro 
BNP (r=0.490, P=0.027) and 
the rate of utilization in sp- 
ironolactone (r=0.456, P= 
0.015) (Table 2).

Prognostic value of RDW in 
patients with NIDCM

During the follow-up period, 
35 patients (35/124, 28.2%) 
died, the mean follow-up 
period was (13.0±5.3) mo- 
nths. The mortality rate in 
the RDW normal group and 
the elevated group was 4.9% 
and 50.8%, respectively. A 
total of 73 patients went in- 
to hospital due to exacerba-
tions (58.9%) with follow-up 
period (8.7±4.9) months, in- 
cluding 37.7% of patients in 
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all-cause mortality (hazard ratio, 1.51; 95% 
confidence interval, 1.21~1.87; P<0.001) after 

mortality was significantly increased (Figure 
3A, P<0.05). 

Table 3. Cox proportional Hazard Analysis for mortality in patients with NIDCM (n=124)

Clinical variables
Univariate Multivariable

HR 95% Cl P HR 95% Cl P
NYHA functional class (%) 3.32 1.50~6.54 0.002 4.55 1.81~11.49 0.001
Disease duration (years) 1.10 1.01~1.20 0.038 1.06 0.95~1.18 0.278
SBP (mmHg) 0.97 0.95~0.99 0.001 0.97 0.95~1.00 0.072
LAD (mm) 1.05 1.01~1.08 0.011 1.02 0.97~1.06 0.530
RVEDD (mm) 1.13 1.08~1.18 <0.001 1.00 0.93~1.07 0.935
β receptor blocker (%) 0.36 0.18~0.70 0.003 0.20 0.07~0.55 0.002
Serum sodium (mmol/L) 0.85 0.81~0.91 <0.001 0.91 0.83~0.99 0.029
Uric acid (μmol/L) 1.00 1.00~1.01 <0.001 1.00 1.00~1.01 0.057
Scr (mL/min) 1.01 1.00~1.01 0.001 1.01 1.00~1.02 0.190
Urea nitrogen (mmol/L) 1.07 1.02~1.11 0.002 0.91 0.80~1.04 0.176
RDW (%) 1.39 1.21~1.61 <0.001 1.51 1.21~1.87 <0.001
RDW, red cell distribution width; LAD, left atrial diameter; SBP, systolic blood pressure; Scr, serum creatinine.

Table 4. Cox proportional Hazard Analysis for re-hospitalization in patients with NIDCM (n=124)

Clinical variables
Univariate Multivariable

HR 95% Cl P HR 95% Cl P
NYHA functional class (%) 2.66 1.64~4.31 <0.001 1.82 1.11~2.99 0.019
Disease duration (years) 1.15 1.08~1.22 <0.001 1.14 1.07~1.22 <0.001
SBP (mmHg) 0.97 0.96~0.99 <0.001 0.97 0.96~0.99 0.001
LAD (mm) 1.05 1.02~1.07 <0.001 1.03 1.00~1.06 0.077
ACEI/ARB (%) 0.31 0.17~0.57 <0.001 0.43 0.21~0.89 0.023
Serum sodium (mmol/L) 0.90 0.86~0.94 <0.001 0.94 0.89~0.99 0.028
Uric acid (μmol/L) 1.00 1.00~1.00 0.002 1.00 1.00~1.00 0.259
Scr (mL/min) 1.01 1.01~1.01 <0.001 1.01 1.00~1.01 0.015
RDW (%) 1.21 1.09~1.34 <0.001 1.19 1.01~1.34 0.005
RDW, red cell distribution width; SBP, systolic blood pressure; LAD, left atrial diameter; Scr, serum creatinine.

Figure 2. Unadjusted and adjusted analysis for progression of survival and 
re-hospitalization.

adjustment for other covari-
ates in the Cox regression 
model. 

Restricted cubic splines tr- 
ansformation of RDW was 
performed after Cox regres-
sion analysis (Figure 3). The 
relationship between RDW 
and all-cause death was 
shown in Figure 3A. The plot 
of the log-relative hazard vs. 
RDW indicated a clear cutoff 
value at the point of 14%. 
Below the value of 14%, 
RDW is a protective factor 
for patients with NIDCM 
(P<0.05). When the expres-
sion of RDW was higher than 
value of 14%, the risk of 
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When coming to the event of re-hospitalization, 
no significance was observed (Figure 3B). Fo- 

indicator to be tested simply and easily test, 
presents strong prognostic information for pre-

Figure 3. Restricted cubic splines transformation indicating the cut-off point of 
RDW for indicating the occurrence of mortality (A) and re-hospitalization (B).

Figure 4. High-Low charts revealing the HR of re-hospitalization with quartiles 
of RDW.

llowing, the predictive ability 
of RDW on the risk of re-hos-
pitalization was further ana-
lyzed according to the quar-
tiles of RDW. It was found 
that the risk of re-hospital-
ization increased steadily 
with the higher quartiles of 
RDW after adjustment for 
age, sex, and study (Figure 
4), HR was increased great- 
ly when the expression of 
RDW was higher than 16% 
(adjusted HR=4.46; 95% CI: 
2.10-9.51; P<0.05) when co- 
mpared to those with the 
expression of RDW less than 
13.4%.

Discussion

RDW is measured during ro- 
utine complete blood count 
testing by an automated cell 
counter, which could reflect 
the variability in size of cir- 
culating red blood cells and 
aid in diagnosis of differen-
tial anaemia together with 
MCV [4]. Conditions that ca- 
use more immature cells to 
be released into the blood-
stream (severe blood loss), 
abnormal hemoglobins (eg, 
sickle cell anemia), hemoly-
sis, or hemolytic anemias 
can modify the shape of 
RBCs, resulting to an incre- 
ased RDW.

Increased RDW is associat-
ed with poor clinical out-
comes of many other diseas-
es, such as coronary heart 
disease [5], stroke [6], pul-
monary embolism [7], pul-
monary hypertension [8], re- 
spiratory and sleep pause 
[9], chronic pneumonia [10], 
cancer [11, 12], pancreatitis 
[13], sepsis, or septic shock 
[14]. Also, it has been inves-
tigated that RDW, as one 
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dicting mortality and cardiovascular events in 
patients with HF when combined with other 
blood indicators (such as MCV and hemoglo-
bins) [2].

NIDCM is one of the major causes for the pro-
gression of heart failure. It is essential to find 
out one predictor to indicate the progress of 
NIDCM, which may promote reducing mortality 
of patients with NIDCM. However, limited stud-
ies regarding the predictive role of RDW on the 
prognosis role of NIDCM were explored.

In this study, we enrolled patients with NIDCM 
as the single cause of HF, and investigated  
the predicted role of RDW on the prognosis  
of NIDCM patients. With RDW>14.5% as the 
threshold, the enrolled patients were classified 
into the RDW normal group and the RDW ele-
vated group. In our present study, expression  
of RDW was positively correlated with the le- 
vels of BNP, indicating RDW reflected the 
degree of HF in some extent (Table 2). In the 
Cox proportional Hazard model for mortality in 
patients with NIDCM, RDW was correlated with 
the mortality (P<0.001) and re-hospitalization 
in patients with NIDCM (P=0.005). Especially, 
the incidence of mortality and re-hospitaliza-
tion rate increased by 51% and 19%, respec-
tively, for each 1% increase in RDW (Tables 3,  
4 & Figure 2). All these findings indicated a 
strong association between the levels of RDW 
and the mortality and re-hospitalization rate of 
patients with NIDCM.

RDW could reflect an underlying inflammatory 
state, which is associated with adverse clinical 
outcomes and leads to impaired erythrocyte 
maturation [15]. Increased pro-inflammatory 
cytokines (such as IL-1, IL-6, TNF-α, etc.) can 
inhibit the production of erythropoietin (EPO) 
[16] and decrease sensitivity of bone marrow 
erythroid progenitor cells to EPO, resulting in 
damage of red blood cell, reduction of maturity, 
and elevation of RDW [17]. Elevated RDW is 
also associated with high expression of hsCRP 
and ESR [15]. Additionally, changes of RDW 
related with oxidative stress. Oxygen radicals 
inhibit red blood cell maturation, which results 
in more immature red blood cells released into 
the peripheral circulation and thus increased 
the level of blood RDW increased. Also, oxygen 
radicals can increase red blood cell fragility, 
reduce red cell deformability, increase erythro-
cyte damage in peripheral blood, and finally 
increased levels of RDW [18]. RAAS system 

activation is an important pathophysiological 
mechanism in the development of heart fai- 
lure, and study has shown that RDW elevation 
was associated with activation of RAAS sys- 
tem, which could aggregate the progress of HF 
[19]. Furthermore, other possible pathophysio-
logical mechanisms including iron mobilization 
damage [20], liver and kidney dysfunction [21], 
nutritional deficiencies, complications, etc. that 
could also affect expression of RDW. 

This study has some limitations. First, it was  
a single-center study with limited number of 
enrolled patients. Data was collected according 
to records when patients were in-patient and 
followed up. Observational research always 
could not distinguish causality. In addition, we 
also lack data on nutritional status, such as 
vitamin B12, folic acid and iron content, eryth-
rocyte parameters, erythropoietin, and bone 
marrow conditions, which may have slight 
effect on the expression of RDW. Further larger-
scale studies to obtain more comprehensive 
data are essential. 

Conclusion

In summary, RDW was elevated in more than 
half of NIDCM patients (50.8%). When RDW 
increased by 1%, re-hospitalization of heart  
failure and all-cause mortality increased by 
19% and 51%, respectively. Our study further 
investigated the independently predicting role 
of RDW for patients with NIDCM and found that 
elevation of RDW could provide useful informa-
tion for the long-term prognosis of NIDCM.
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