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nificant predictor of cardiovascular mortality in ACHD.
Anemia is often observed in chronic diseases such as infec-

tion, cancer, autoimmune disease, and chronic kidney disease. 
Anemia in a chronic disease related to acute or chronic immune 
activation, which includes elevated levels of cytokines such as 
interleukin-6 (IL-6).4 Heart failure in ACHD follows a chronic 
course and patients with ACHD may have anemia resulting 
from cytokine activation.

In a retrospective cohort study, we investigated whether 
RDW is associated with cardiovascular mortality after adjust-
ment for anemia, and we evaluated the relationships among 
anemia, IL-6, and RDW in patients with ACHD.

Methods
Study Population
This study included 144 patients with ACHD who were hos-
pitalized during the period 2005–2012 for long-term cardiac 
evaluation. We conducted follow-up for an 8-year period from 
2005 to 2013. Patients with ACHD who received cardiac trans-
plants and those who died from noncardiovascular causes or 

n increase in the red cell diameter distribution width 
(RDW) indicates greater heterogeneity in the size of 
circulating erythrocytes (anisocytosis). An increased 

RDW value is used mainly in the differential diagnosis of micro-
cytic anemia. A previous study described the relationship 
between increased RDW and iron-deficiency anemia in patients 
with heart failure, in the context of acquired heart disease.1,2 
Although cyanotic and hypoxic patients with congenital heart 
disease often experience iron-deficiency anemia, the relation-
ship between anemia and elevated RDW is unclear in adult 
congenital heart disease (ACHD).3
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Recent studies have revealed that RDW is a strong predictor 
of all-cause mortality in various diseases, including cardiovas-
cular mortality in older adult patients with acquired heart dis-
ease and patients with congenital heart disease.4–7 Although 
anemia may be a confounding variable in the relationship 
between RDW and cardiovascular mortality, it has not been 
clarified whether, after adjustment for anemia, RDW is a sig-
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Background:  Red cell distribution width (RDW) is known to be associated with anemia and mortality in cardiovas-
cular diseases, while anemia itself is related to increased mortality. RDW may also be related to cytokine activation. 
We investigated the potential of RDW to predict anemia-adjusted mortality in patients with adult congenital heart 
disease (ACHD) and we evaluated the relationships among RDW, anemia, and interleukin-6 (IL-6).

Methods and Results:  This was a single-center, retrospective cohort study. Blood RDW and IL-6 levels were 
measured in 144 patients with ACHD (median age [interquartile range (IQR)], 28 [22–36] years), 84% in New York 
Heart Association class I/II. During a mean 4.8-year follow-up, 21 (15%) patients died of cardiovascular causes. 
Elevated RDW (>15.0%) correlated significantly with mortality risk in a univariate analysis (RDW hazard ratio [HR]: 
1.570; 95% confidence interval [CI]: 1.208–2.040 per 1 standard deviation increase; P=0.001). Elevated RDW levels 
correlated significantly with increased anemia-adjusted mortality (adjusted RDW HR: 1.912; 95% CI: 1.369–2.670; 
P<0.001). The high RDW group had significantly elevated serum IL-6 levels (RDW >15%, median [IQR], 3.7 [0.9–
13.9] pg/ml vs. RDW ≤15%, 1.4 [0.8–2.5 pg/ml]; P=0.001), as did patients with anemia (anemia, 1.9 [0.9–5.2] pg/ml 
vs. no anemia, 1.4 [0.8–2.5 pg/ml]; P=0.021).

Conclusions:  Elevation of RDW may be related with increased IL-6 and anemia-adjusted cardiovascular mortality 
in patients with ACHD.    (Circ J  2015; 79: 1100 – 1106)
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and β-blockers), category of CHD, and clinical history (angina 
pectoris or myocardial infarction, hypertension, stroke or syn-
cope, thrombus, diabetes mellitus, chronic kidney disease, 
hemoptysis, and arrhythmias, such as ventricular tachycardia, 
supraventricular tachycardia, complete atrioventricular block, 
and atrial tachycardia/atrial flutter/atrial fibrillation; Table 1). 
Chronic kidney disease was defined as an estimated glomeru-
lar filtration rate <60 ml/min/1.73 m2.

Definition of RDW and Anemia
The samples were acquired in the course of routine examination 

contracted immunological and neurogenic diseases were 
excluded from the study.

Clinical Variables
We examined the patients’ clinical records during hospitaliza-
tion for long-term cardiac evaluation and collected information 
related to baseline characteristics (age, sex, weight, height, body 
mass index [BMI], New York Heart Association [NYHA] 
functional class, percutaneous saturation, cardiothoracic ratio, 
and medication at initial admission, including angiotensin-
receptor blockers, angiotensin-converting enzyme inhibitors, 

Table 1.  Baseline Characteristics of Patients With Adult Congenital Heart Disease Stratified by RDW

Overall (n=144) RDW >15% (n=28) RDW ≤15% (n=116) P value

Baseline characteristics

    Age (years) 28 (22–36)　　　 31 (25–40)　　　 27 (21–36)　　　 　0.072　
    Male 66 (45) 13 (46) 53 (45) 　0.554　
    Weight (kg) 54 (46–60)　　　 52 (47–57)　　　 55 (45–61)　　　 　0.456　
    Height (cm) 161±9 160±7 161±9 　0.711　
    BMI (kg/m2) 20.3 (18.5–23.2) 20.0 (18.4–22.0) 20.6 (18.6–23.6) 　0.354　
    NYHA class III/IV 23 (16)   9 (32) 14 (12) 　0.014*

    Percutaneous oxygen saturation (%) 95 (88–98)　　　 86 (80–95) 95 (92–98)　　　 <0.001*

    Cardiothoracic ratio (%) 55 (50–62)　　　 58 (54–67) 54 (49–61)　　　 　0.037*

    Medical therapy at initial admission

        ARBs 18 (12)   5 (17) 13 (11) 　0.253　
        ACEIs 51 (35) 10 (35) 41 (35) 　0.568　
        β-blockers 59 (41) 13 (46) 46 (39) 　0.328　
Category of CHD

    Mixed type 31 (21)   6 (21) 25 (21) 　0.606　
    Pulmonary right ventricle type 15 (10)   3 (10) 12 (10) 　0.591　
    Systemic right ventricle type 21 (14)   4 (14) 17 (14) 　0.614　
    Unrepaired group 2 (1) 1 (3) 1 (0) 　0.352　
    Glenn shunt 4 (2) 1 (3) 3 (2) 　0.583　
    Fontan 71 (49) 13 (46) 58 (50) 　0.449　
Clinical history

    Angina or myocardial infarction 3 (2) 0 (0) 3 (2) 　0.520　
    Hypertension 6 (4) 1 (3) 5 (4) 　0.669　
    Stroke or syncope 13 (9)　　   3 (10) 10 (8)　　 　0.488　
    Thrombus 18 (12)   5 (17) 13 (11) 　0.253　
    Diabetes mellitus 4 (2) 1 (3) 3 (2) 　0.583　
    Chronic kidney disease‡ 17 (11)   6 (21) 11 (9)　　 　0.081　
    Hemoptysis 7 (4)   4 (14) 3 (2) 　0.027*

    Arrhythmia

        VT 12 (8)　　 2 (7) 10 (8)　　 　0.576　
        SVT 11 (7)　　 1 (3) 10 (8)　　 　0.328　
        CAVB 9 (6) 1 (3) 8 (6) 　0.447　
        SSS 6 (4) 1 (3) 5 (4) 　0.669　
        AT/AF/AFl 68 (47) 13 (46) 55 (47) 　0.547　
Laboratory results

    Anemia† 50 (34) 22 (78) 28 (24) <0.001*

    Hematocrit (%) 45.3 (41.2–49.9) 45.4 (38.7–54.9) 45.3 (41.9–49.1) 　0.846　
    MCV (fl) 91.6 (88.3–94.0) 85.6 (78.5–90.0) 92.1 (89.4–94.6) <0.001*

    RDW (%) 13.7 (13.0–14.7) 16.2 (15.4–18.1) 13.3 (12.9–14.0) <0.001*

All data are shown as median (IQR) and mean±(standard deviations) or number (%) as indicated. *P<0.05, high RDW group vs. low RDW group. 
†Anemia defined according to the WHO criteria: women <12, men <13, or when hemoglobin was below the predicted hemoglobin calculated by 
the formula: predicted hemoglobin=61−(O2 saturation/2) for cyanotic patients with adult congenital heart disease. ‡Chronic kidney disease 
defined as an estimated glomerular filtration rate <60 ml/min/1.73 m2. ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AFl, 
atrial flutter; ARBs, angiotensin-receptor blockers; AT, atrial tachycardia; BMI, body mass index; BNP, B-type natriuretic peptide; CAVB, 
complete atrioventricular block; CHD, congenital heart disease; IQR, interquartile range; MCV, mean corpuscular volume; NYHA, New York 
Heart Association; RDW, red cell distribution width; SVT, supraventricular tachycardia; SSS, sick sinus syndrome; VT, ventricular tachycardia.
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Laboratory Measurements
Biomarkers were measured at first hospitalization using bio-
chemical tests. Serum samples were drawn by venipuncture 
after ≥30 min of supine rest, immediately placed on ice, and 
centrifuged within 30 min. Plasma samples were stored at 
−80°C until analysis. IL-6 levels were measured using a che-
miluminescent enzyme immunoassay (Human IL-6 CLEIA 
kit; Fujirebio).

Study Protocol
This was a single-center, retrospective cohort study. The end-
point was cardiovascular death after hospitalization for wors-

at first hospitalization. The RDW coefficient of variance (%) 
was determined using the Sysmex XE-5000 analyzer (Sysmex, 
Kobe, Japan) within a few hours of collection. The local abnor-
mal RDW cutoff value (>15.0%) was used. Anemia without 
cyanosis (ie, not decreased percutaneous oxygen saturation 
(≥95%)) was defined using the World Health Organization 
criteria of a hemoglobin level <12 g/dl in women and 13 g/dl 
in men.8 Anemia with cyanosis (ie, decreased percutaneous 
oxygen saturation (<95%)) was defined according to values 
calculated using the formula: predicted hemoglobin=61–(O2 
saturation/2).9,10

Table 2.  Clinical Characteristics Stratified by Cyanosis in 22 Patients in the With Anemia in RDW >15% 
Group

Anemia without  
cyanosis (n=6)

Anemia with  
cyanosis (n=16) P value

Characteristics

    Age (years) 30 (25–35)　　　 35 (26–43)　　　 　0.357　
    Male   2 (33)   8 (50) 　0.646　
    Weight (kg) 53 (44–57)　　　 55 (52–62)　　　 　0.319　
    Height (cm) 156 (153–163)　 162 (158–171)　 　0.090　
    BMI (kg/m2) 21 (18–23)　　　 20 (19–22)　　　 　0.883　
    NYHA class III/IV   1 (17)   6 (38) 　0.616　
    Percutaneous oxygen saturation (%) 98 (97–98)　　　 82 (79–91)　　　 <0.001*

    Cardiothoracic ratio (%) 58 (55–64)　　　 59 (55–73)　　　 　0.506　
    Medical therapy at initial admission

        ARBs   1 (17)   4 (25) 　1.000　
        ACEIs   3 (50)   5 (31) 　0.624　
        β-blockers   1 (17)   8 (50) 　0.333　
Category of CHD

    Mixed type   2 (33)   2 (13) 　0.292　
    Pulmonary right ventricle type   1 (17) 1 (6) 　0.481　
    Systemic right ventricle type   3 (50) 1 (6) 　0.046*

    Unrepaired group 0 (0) 1 (6) 　1.000　
    Glenn shunt 0 (0) 1 (6) 　1.000　
    Fontan 0 (0) 10 (63) 　0.015*

Clinical history

    Angina or myocardial infarction 0 (0) 0 (0) NA

    Hypertension   1 (17) 0 (0) 　0.273　
    Stroke or syncope 0 (0)   3 (19) 　0.532　
    Thrombus 0 (0)   5 (31) 　0.266　
    Diabetes mellitus 0 (0) 1 (6) 　1.000　
    Chronic kidney disease†   1 (25)   4 (40) 　1.000　
    Hemoptysis 0 (0)   3 (18) 　0.532　
    Arrhythmia

        VT   1 (17) 1 (6) 　0.481　
        SVT 0 (0) 0 (0) NA

        CAVB 0 (0) 1 (6) 　1.000　
        SSS 0 (0) 1 (6) 　1.000　
        AT/AF/AFl   1 (17) 10 (63) 　0.149　
Laboratory results

    Hemoglobin (g/dl) 11.7 (10.5–12.1) 15.1 (13.5–16.8) 　0.005*

    Hematocrit (%) 36.3 (34.9–37.7) 47.8 (42.0–52.3) 　0.002*

    MCV (fl) 76.5 (72.3–86.0) 86.5 (81.2–90.4) 　0.042*

    RDW (%) 15.3 (15.1–16.9) 16.2 (15.5–17.6) 　0.112　

All data are shown as median (IQR) or number (%) as indicated.
*P<0.05, anemia without cyanosis group vs. anemia with cyanosis group. †Chronic kidney disease defined as an 
estimated glomerular filtration rate <60 ml/min/1.73 m2. NA, not available. Other abbreviations as in Table 1.
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acteristics in Table 1 and 2 were analyzed using the chi-
square test (Fisher’s exact test), t-test, or Mann-Whitney 
U-test, as appropriate. The relationships among RDW, percu-
taneous oxygen saturation, IL-6 were examined with Pearson’s 
correlation coefficient. The distribution of the original data was 
tested separately using the Shapiro-Wilk test. Hazard ratios (HR) 
for hemoglobin, hematocrit, mean corpuscular volume (MCV), 
and RDW were analyzed using standardized HR, which were 
related to 1 SD changes in the levels of RDW. The HR of vari-

ening heart failure. Approval was obtained from the Tokyo 
Women’s Medical University Hospital institutional review 
board. All patients or their parents were informed of the sig-
nificance and risks of the study and gave their consent accord-
ing to the rules of the hospital.

Statistical Analysis
The numbers (percentage), means (standard deviations [SD]), 
and medians (interquartile ranges [IQR]) of the baseline char-

Table 3.  Cox Proportional Regression Model for Cardiovascular Death According to Significant Variables (Table 1) Associated With 
Confounders of RDW

Independent variables
Univariate analysis Multivariate analysis (forward stepwise selection)

HR (95% CI) P value HR (95% CI) Chi-square value P value

Percutaneous oxygen saturation (%) 0.947 (0.899–0.997) 0.039

History of hemoptysis 1.546 (0.358–6.669) 0.559

Anemia 3.878 (1.564–9.612) 0.003 2.822 (1.100–7.240)   4 　0.031

MCV per 1 SD 2.240 (1.113–4.508) 0.024 3.141 (1.767–5.583) 15 <0.001

RDW per 1 SD 1.570 (1.208–2.040) 0.001 1.912 (1.369–2.670) 14 <0.001

CI, confidence interval; HR, hazard ratio; SD, standard deviation. Other abbreviations as in Table 1.

Figure 1.    Survivor functions of red cell distribution width (RDW, A), anemia (B), and anemia with or without cyanosis (C) for free-
dom from cardiovascular death in patients with congenital heart disease.
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lower RDW group. The higher RDW group had a significantly 
higher prevalence of NYHA class III/IV cases and patients 
with a history of hemoptysis than did the lower RDW group. 
Regarding the laboratory tests, the higher RDW group had 
anemia and lower MCV levels when compared with the lower 
RDW group.

Comparison of Anemia With Cyanosis and Anemia Without 
Cyanosis in ACHD Patients With Higher RDW
Comparison between 6 cyanotic and 16 non-cyanotic patients 
in the anemia with higher RDW group (Table 2), revealed that 
the prevalence of systemic right ventricle type was signifi-
cantly higher in the non-cyanotic group than in the cyanotic 
group. Prevalence of Fontan type and levels of hemoglobin, 
hematocrit, and MCV were significantly higher in the cyanotic 
group than in the non-cyanotic group.

Correlations Among RDW, Percutaneous Oxygen Saturation, 
and IL-6 Levels
RDW had a positive correlation with IL-6 (r=0.394, P<0.001) 
and significant negative correlation with percutaneous oxygen 
saturation (r=−0.510, P<0.001).

Cardiovascular Mortality
According to RDW    Percutaneous oxygen saturation, together 

with a history of hemoptysis, anemia, MCV, or RDW, was 
chosen as a significant variable from Table 1. The results of 
Cox proportional regression analysis are shown in Table 3. 
Percutaneous oxygen saturation, anemia, MCV, and RDW were 
significantly associated with cardiovascular mortality in the 
univariate analysis. Elevated RDW, MCV, and anemia were 
significantly associated with mortality in the multivariate anal-
yses. Analysis of the anemia-adjusted cardiovascular mortality 
in patients with ACHD showed that the adjusted standardized 
HR of RDW (HR: 1.912; 95% confidence interval [CI]: 1.369–
2.670 per 1 SD increase; P<0.001) was greater than the unad-
justed HR (HR: 1.570; 95% CI: 1.208–2.040 per 1 SD increase; 
P=0.001). In the multivariate analysis, the statistical contribu-

ables that differed significantly between the higher and lower 
RDW groups, which we assumed to be confounders between 
RDW and mortality, were analyzed in univariate and multi-
variate Cox proportional hazard regression analyses with for-
ward stepwise selection. The area under the receiver-operating 
characteristic (ROC) curve (AUC) was analyzed to assess 
significant variables as potential predictors of cardiovascular 
mortality. The survivor function for freedom from mortality was 
computed from the Cox proportional regression model. The 
SPSS version 19 statistical software package (IBM, Armonk, 
NY, USA) was used for all analyses. P<0.05 was considered 
significant.

Results
Cardiovascular Death
During a mean follow-up of 4.8±2.9 years, 21 (15%) patients 
died from cardiovascular causes. The overall 5-year survival 
rate, estimated by Kaplan-Meier analysis, was 86.0%; 10 (7%) 
patients were lost to follow-up. The median age (IQR) of all 
144 patients with ACHD was 28 (22–36) years and 84% were 
in NYHA class I/II. ACHD was divided into the following 6 
categories, as described in a previous study: mixed type; pul-
monary right ventricle type, such as an atrial septal defect with 
right ventricle volume overload; systemic right ventricle type, 
such as a corrected transposition of the great artery (TGA) and 
d-transposition of TGA with atrial switch operation; unre-
paired type; Glenn shunt type; and Fontan type (Table 1).11 
There were no significant differences between the higher 
RDW group and lower RDW group in the prevalence of these 
ACHD categories.

Characteristics Stratified by RDW
According to the baseline characteristics listed in Table 1, per-
cutaneous oxygen saturation was significantly lower among 
patients in the higher RDW group (n=28) than among those in 
the lower RDW group (n=116). Patients’ cardiothoracic ratios 
were significantly higher in the higher RDW group than in the 

Figure 2.    (Left) Interleukin-6 levels (median and interquartile range) in patients with red cell distribution width (RDW) >15% and 
<15% were 3.7 (0.9–13.9) pg/ml and 1.4 (0.8–2.5) pg/ml, respectively (P=0.001; Mann-Whitney U-test). (Right) Interleukin-6 levels 
in patients with and without a history of anemia were 1.8 (0.9–5.2) pg/ml and 1.4 (0.8–2.5) pg/ml, respectively (P=0.021).
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analysis found that RDW was more strongly associated with 
all-cause mortality in older adults without anemia than in those 
with anemia.5 Therefore, anemia may be a confounding variable 
in the relationship between RDW and cardiovascular mortal-
ity. An earlier cohort study of older patients found that RDW 
adjusted for hemoglobin concentration was a significant pre-
dictor of cardiovascular mortality.20 Our cohort study of ACHD 
also revealed that RDW was associated with anemia-adjusted 
cardiovascular mortality.

The relationship between RDW and mortality in patients with 
ACHD has not been fully evaluated.21 Aung et al revealed that 
the RDW was a strong predictor of cardiac mortality in patients 
who underwent transcatheter aortic valve implantation, but their 
study did not describe cardiovascular mortality after adjusting 
for anemia.22 The present report is the first to show that, after 
adjustment for anemia, RDW is an independent and strong 
predictor of cardiovascular mortality in ACHD patients.

Previous studies showed that an increased RDW in patients 
with cyanotic CHD and Fontan circulation was significantly 
associated with iron deficiency status accompanied by polycy-
themia.3,23–27 A previous study also reported that patients with 
cyanotic ACHD had a high prevalence (60%) of anemia, with 
increased RDW and polycythemia.9 In our study of ACHD 
patients, including cyanotic and acyanotic ACHD, we found 
similar results; namely, that low-MCV anemia was significantly 
more prevalent in the higher RDW group than in the lower RDW 
group. Additionally, this is a rare report of a cohort study of 
ACHD in which anemic patients with cyanosis in the higher 
RDW group are significantly associated with cardiovascular 
mortality risk. Although the cause of anemia in previous studies 
was explained by the iron-deficient status in cyanotic ACHD 
patients, iron deficiency may not be the sole cause of anemia. 
Our study confirmed that patients with a higher RDW had sig-
nificantly increased IL-6 levels compared with patients with a 
lower RDW. A previous multicenter cohort study evaluated 
the relationship between RDW and the expression of cytokines, 
including IL-6, tumor necrosis factor-α, IL-1 β, and endothe-
lin-1, in older adults, and found that only an elevated IL-6 level 
was associated significantly with an increased RDW.28

A great deal of evidence has accumulated to show that heart 
failure in patients with ACHD is characterized by a chronic 
clinical course.29,30 Anemia in chronic disease may be associ-
ated with increased IL-6 levels and can be explained by impaired 
iron metabolism.4 Weiss et al reported that anemia in chronic 
disease is the progressive impairment of iron homeostasis, with 
increased iron retention within cells of the reticuloendothelial 
system following the phagocytosis of senescent erythrocytes.4 
Regarding inflammation and cytokines, IL-6 helps to stimulate 
the hepatic expression of hepcidin, which is produced in the 
liver and inhibits the absorption of iron from the duodenum28 
Moreover, Allen et al found that patients with iron-deficiency 
anemia in chronic disease had increased numbers of micro-
cytes and tended to exhibit more severe disease.28 Therefore, 
anemia in chronic disease tends to be complicated by increased 
levels of proinflammatory cytokines.4 Inflammation, including 
cytokines such as IL-1, 6, 18, and tumor necrosis factor-α, 
plays an important role in the etiology and progression of heart 
failure in patients with acquired and congenital heart diseases. 
Biomarkers of inflammation are strongly associated with left 
ventricular dysfunction, pulmonary edema, cardiomyopathy, 
decreased skeletal muscle blood flow, endothelial dysfunction, 
anorexia, and cachexia.31 Our results may have revealed a mech-
anism of anemia in patients with ACHD that results not only 
from iron-deficiency anemia, but also from anemia of chronic 
disease, given that the patients with anemia had significantly 

tion of RDW and MCV to the prevalence of cardiovascular 
death, as analyzed using the chi-square test, was greater than 
that of anemia.

According to Anemia Stratified by Cyanosis    Comparisons 
among the non-anemia group, anemia with cyanosis group, 
and anemia without cyanosis group in the univariate analysis, 
revealed that the anemia with cyanosis group was significantly 
associated with cardiovascular mortality (HR: 4.266; 95% CI: 
1.653–11.008, P=0.003), compared with the non-anemic group, 
despite no significant difference between the non-anemic group 
and anemia without cyanosis group (HR: 2.907; 95% CI: 
0.751–11.254, P=0.122) (Figure 1C).

ROC Analysis and Survivor Functions
The laboratory variables yielded the following results: RDW: 
AUC, 0.70, 95% CI, 0.59–0.82, P=0.002; anemia: AUC, 0.68, 
95% CI, 0.56–0.81, P=0.006; and MCV as a dichotomous vari-
able (comparison between high MCV group [≥80fl] and low 
MCV group [<80fl]): AUC 0.52, 95% CI, 0.38–0.66, P=0.734. 
Survivor functions for freedom from cardiovascular death 
showed significant differences between the higher and lower 
RDW groups, and between patients with and without anemia 
(Figures 1A,B), whereas these functions showed no signifi-
cant difference between the lower (<80fl) and higher (≥80fl) 
MCV groups (P=0.517).

Relationship Among RDW, Anemia, and IL-6 Levels
As shown in Figure 2, the higher RDW group (>15%) had sig-
nificantly greater serum IL-6 levels when compared with the 
lower RDW group (median [IQR], 3.7 [0.9–13.9] pg/ml vs. 1.4 
[0.8–2.5] pg/ml, P=0.001). Patients with a history of anemia 
had significantly higher serum IL-6 levels than did patients 
without (1.8 [0.9–5.2] pg/ml vs. 1.4 [0.8–2.5] pg/ml, P=0.021).

Discussion
In this study, we demonstrated for the first time that elevated 
RDW could be used as an index of anemia-adjusted cardiovas-
cular mortality in patients with ACHD. We also demonstrated 
that patients with a higher RDW level had significantly increased 
serum IL-6 levels.

RDW is a quantified representation of the variability of the 
size of circulating erythrocytes, which is calculated as the stan-
dard deviation of the distribution of red blood cell size divided 
by the MCV. Therefore, higher RDW levels reflect greater 
heterogeneity in the size of erythrocytes (anisocytosis). RDW 
is routinely tested in the clinical setting as part of the auto-
mated complete blood count, and the values become elevated 
under conditions of increased red blood cell destruction or com-
promised red blood cell production. Elevated RDW is thought 
to represent bone marrow dysfunction, nutritional deficiency, 
or chronic inflammation, which are commonly seen in patients 
with chronic heart failure.

A previous study in adults showed that RDW was an inde-
pendent and strong predictor of all-cause mortality and cardio-
vascular mortality.7,12–17 A meta-analysis of 7 studies of RDW 
revealed that it was associated with multiple causes of death 
in older adults and was a strong predictor of mortality in this 
population, after adjustment for age, sex, race, education, smok-
ing status, BMI, estimated glomerular filtration rate, hemoglo-
bin concentration, MCV, and serum albumin.5 In addition, an 
elevated RDW was associated with aging and the progression 
of various types of disorders.

Previous studies showed that RDW is a predictor of anemia 
in patients with heart failure.2,18,19 Further, a previous meta-
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ZS. Relation between changes in red cell distribution width and clini-
cal outcomes in acute decompensated heart failure. Int J Cardiol 2013; 
167: 1412 – 1416.

15.	 Förhécz Z, Gombos T, Borgulya G, Pozsonyi Z, Prohászka Z, Jánoskuti 
L. Red cell distribution width in heart failure: Prediction of clinical 
events and relationship with markers of ineffective erythropoiesis, 
inflammation, renal function, and nutritional state. Am Heart J 2009; 
158: 659 – 666.

16.	 Borné Y, Smith JG, Melander O, Hedblad B, Engström G. Red cell 
distribution width and risk for first hospitalization due to heart failure: 
A population-based cohort study. Eur J Heart Fail 2011; 13: 1355 –  
1361.

17.	 Al-Najjar Y, Goode KM, Zhang J, Cleland JG, Clark AL. Red cell 
distribution width: An inexpensive and powerful prognostic marker 
in heart failure. Eur J Heart Fail 2009; 11: 1155 – 1162.

18.	 Núñez J, Núñez E, Rizopoulos D, Miñana G, Bodí V, Bondanza L, 
et al. Red blood cell distribution width is longitudinally associated 
with mortality and anemia in heart failure patients. Circ J 2014; 78: 
410 – 418.

19.	 Pascual-Figal DA, Bonaque JC, Manzano-Fernández S, Fernández 
A, Garrido IP, Pastor-Perez F, et al. Red blood cell distribution width 
predicts new-onset anemia in heart failure patients. Int J Cardiol 
2012; 160: 196 – 200.

20.	 Warwick R, Mediratta N, Shaw M, McShane J, Pullan M, Chalmers 
J, et al. Red cell distribution width and coronary artery bypass sur-
gery. Eur J Cardiothorac Surg 2013; 43: 1165 – 1169.

21.	 Massin MM. Relation between red cell distribution width and clini-
cal outcome after surgery for congenital heart disease in children. 
Pediatr Cardiol 2012; 33: 1021 – 1025.

22.	 Aung N, Dworakowski R, Byrne J, Alcock E, Deshpande R, Rajagopal 
K, et al. Progressive rise in red cell distribution width is associated 
with poor outcome after transcatheter aortic valve implantation. Heart 
2013; 99: 1261 – 1266.

23.	 Kaemmerer H, Fratz S, Braun SL, Koelling K, Eicken A, Brodherr-
Heberlein S, et al. Erythrocyte indexes, iron metabolism, and hyper-
homocysteinemia in adults with cyanotic congenital cardiac disease. 
Am J Cardiol 2004; 94: 825 – 828.

24.	 Dopsaj V, Mikovic-Golubovic G, Martinovic J, Kalimanovska-
Ostric D. Evaluation of derived Coulter red blood cell parameters for 
the assessment of iron deficiency in adults with congenital heart dis-
ease. Int J Lab Hematol 2012; 34: 461 – 472.

25.	 Broberg CS, Bax BE, Okonko DO, Rampling MW, Bayne S, Harries 
C, et al. Blood viscosity and its relationship to iron deficiency, symp-
toms, and exercise capacity in adults with cyanotic congenital heart 
disease. J Am Coll Cardiol 2006; 48: 356 – 365.

26.	 Tomkiewicz-Pajak L, Plazak W, Kolcz J, Pajak J, Kopec G, 
Dluzniewska N, et al. Iron deficiency and hematological changes in 
adult patients after Fontan operation. J Cardiol 2014; 64: 384 – 389.

27.	 Onur CB, Sipahi T, Tavil B, Karademir S, Yoney A. Diagnosing iron 
deficiency in cyanotic heart disease. Indian J Pediatr 2003; 70: 29 –  
31.

28.	 Allen LA, Felker GM, Mehra MR, Chiong JR, Dunlap SH, Ghali JK, 
et al. Validation and potential mechanisms of red cell distribution 
width as a prognostic marker in heart failure. J Card Fail 2010; 16: 
230 – 238.

29.	 Bolger AP, Sharma R, Li W, Leenarts M, Kalra PR, Kemp M, et al. 
Neurohormonal activation and the chronic heart failure syndrome in 
adults with congenital heart disease. Circulation 2002; 106: 92 – 99.

30.	 Bolger AP, Coats AJ, Gatzoulis MA. Congenital heart disease: The 
original heart failure syndrome. Eur Heart J 2003; 24: 970 – 976.

31.	 Braunwald E. Biomarkers in heart failure. N Engl J Med 2008; 358: 
2148 – 2159.

increased IL-6 levels. IL-6 as a proinflammatory cytokine may 
inhibit erythropoietin-induced erythrocyte maturation, which 
is reflected in part by an elevated RDW.

Our study had some limitations. As it was a retrospective 
study, with a small sample size, the results need to be verified 
in a prospective study of a larger cohort.

The findings of this study lead to the conclusion that RDW, 
an inexpensive clinical test, is nevertheless a powerful diagnos-
tic predictor of cardiovascular mortality. Additional research 
is necessary to determine whether RDW is a useful parameter 
for risk assessment in patients with ACHD.
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