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INTRODUCTION
Red blood cell distribution width (RDW) is an integral parameter of 
the complete blood count (CBC), which has been traditionally used for 
the classification of several types of anemia [1]. It has been defined 
either as the standard deviation (SD) of erythrocyte volumes (RDW-
SD), which is measured by calculating the width at the 20% height 
level of the red blood cell (RBC) size distribution histogram; or, as the 
coefficient of variation (RDW-CV) of erythrocyte volumes by dividing 
the standard deviation (SD) of the red blood cell volume (RBCs) by the 
mean corpuscular volume (MCV) multiplied by 100 (SD/MCV× 100), 
and expressing the variability in size of circulating erythrocytes 
(anisocytosis) (Figure 1) [2]. The normal reference ranges of RDW-SD 
and RDW-CV are typically 39–46 fL and 11.5–15%, respectively, but 
often vary depending on the method of RDW calculation and the 
available hematological analyzers used [3].

Over the last decade, changes in RDW have been associated with 
outcomes in several discrete populations [4,5], such as in patients with 
cardiovascular disease [6] including stable coronary artery disease [7], 
acute coronary syndromes [8], acute myocardial infarc- tion [9], stroke 
[10] and heart failure (HF). The changes of RDW in HF is the focus of 
the present work. In this regard, the prevalence, direction and clinical 
significance of RDW changes, and the contribution of RDW changes 
to outcome prediction in the relevant HF prognostic models are 
summarized. Further, the potential underlying mechanisms of RDW 
changes in acute, chronic and advanced HF as well as the areas of 
future research regarding this hematological marker will be discussed.
2.(Patho)Physiology of RDW Increase in Heart Failure Erythropoiesis 
mainly occurs in the bone marrow [11]. Traditionally, it is considered 
that the main physiological role of RBCs, or erythrocytes, is to 
transport oxygen and carbon dioxide from the lung to the tissues and to 
maintain systemic acid/base equilibria [12]. However, recent clinical 
and experimental evidence suggests that RBCs may be directly 
involved in nitric oxide (NO) metabolism and control of blood 
rheology, as well as ery- throcrine function (i.e., by releasing nitric 
oxide (NO), NO metabolites and adenosine triphosphate) [12]. In 
humans, the life span of RBCs is 120 days. Under normal conditions, 
approximately 1% of RBCs are synthesized each day, but RBC 
production can increase substantially during times of acute or chronic 
stress [11]. The typical mature erythrocyte is disc-shaped, with a 
diameter between 6–8 µm and a total volume, also known as mean cor- 
puscular volume (MCV), ranging between 80 and 100 fL [13]. 
Nevertheless, the mechanical properties and lipid architecture are 
altered in RBCs from subjects with cardiovascular risk factors, 
resulting in reduced tissue perfusion, increased oxidative stress, 
reduced oxygen de- livery and an increase in whole blood viscosity 
which may lead to increased cardiovascular mortality [14]. The 

pathophysiological mechanism of RDW's rise (i.e., increased 
anisocytosis) in HF remains obscure (Figure 2) [13]. It has been 
suggested that inflammation, neurohormonal and adrenergic system 
activation may bring about changes in RBC maturation by disturbing 
the red cell membrane, thereby leading to increased RDW [15]. HF is 
associated with the activation of both cell- and cytokine-mediated 
inflammatory pathways, which can impair bone marrow function with 
the release of premature erythrocytes into the circulation [16]. A 
correlation between RDW and established inflammatory markers such 
as interleukin-6 (IL-6) and C-reactive protein (CRP) has been reported 
[17,18].

Figure 1: Definition and calculation of the red blood cell distribution 
width (RDW); in the case of anisocytosis, RDW increases. RDW-CV, 
coefficient of variation of erythrocyte volumes; RDW-SD, standard 
deviation of erythrocyte volumes; RBC, red blood cell; MCV, mean 
corpuscular volume.

Figure 2. Pathophysiological mechanisms causing anisocytosis. 
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ABSTRACT
Red blood cell distribution width (RDW), an integral parameter of the complete blood count (CBC), has been traditionally used for the 
classification of several types of anemia. However, over the last decade RDW has been associated with outcome in patients with several 
cardiovascular diseases including heart failure. The role of RDW in acute, chronic and advanced heart failure is the focus of the present work. 
Several pathophysiological mechanisms of RDW's increase in heart failure have been proposed (i.e., inflammation, oxidative stress, adrenergic 
stimulation, undernutrition, ineffective erythropoiesis, reduced iron mobilization, etc.); however, the exact mechanism remains unknown. 
Although high RDW values at admission and discharge have been associated with adverse prognosis in hospitalized heart failure patients, the 
prognostic role of in-hospital RDW changes (∆RDW) remains debatable. RDW has been incorporated in recent heart failure prognostic models. 
Utilizing RDW as a treatment target in heart failure may be a promising area of research.
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RDW: red blood cell distribution width [13].

The nervous system emerges as a critical regulatory player of the bone 
marrow; the pri- mary site of postnatal hematopoiesis and 
hematopoietic stem cell (HSC) maintenance [19]. Several studies 
support the central role of the sympathetic nervous system (SNS) in the 
regulation of hematopoiesis [20]. Norepinephrine is delivered to the 
bone marrow by the sympathetic nerve in a circadian (diurnal) manner 
which regulates the expression of core genes in the bone marrow, 
leading to the fluctuation of immune cell egress in both humans and 
rodents [21]. A correlation between the proliferation of many HSCs 
and the circadian oscillation in concentrations of norepinephrine in the 
bone marrow has also been reported [22]. Therefore, a close 
communication exists between the SNS and the bone marrow, and 
dysregulation in this communication may lead to aberrant 
hematopoietic and immune system responses and increased RDW 
values [23]. Ineffective erythropoiesis, reduced iron mobilization, 
oxidative stress, renal failure as well as nutritional deficiencies have 
been also implicated in the pathophysiology of RDW increase in HF 
patients [17,18].

3. RDW Change in Heart Failure
RDW in Incident Heart Failure
Several studies have demonstrated that RDW is an independent 
predictor of incident HF. In a retrospective population-based cohort 
analysis including 26,784 middle-aged sub- jects without history of 
myocardial infarction, stroke or HF, who participated in the Malmo 
Diet and Cancer study (1991–1996) and were followed up for up to 15 
years, a higher RDW was found to be associated with higher long-term 
incidence of first hospitalization due to HF (Hazard Ratio (HR): 1.47, 
95% Confidence Interval (CI): 1.14–1.89, in the top compared with the 
bottom quartile of RDW), after adjusting for history of coronary revas- 
cularization, biological, lifestyle and socio-economic factors [24]. 
Emans et al. reported that RDW levels were associated with an 
increased risk of incidence of HF utilizing data from 17,533 
participants from the European Prospective Investigation into Cancer 
and Nutrition (EPIC)-Norfolk cohort [25]. Among them, 640 
participants developed HF during a follow-up of 11.2 ± 2.2 years and 
authors observed that there was a non-linear increase in HF risk as 
RDW values were increasing [25].

RDW in Chronic HF
The RDW is associated with indices of cardiac function and/or disease 
severity in HF including the natriuretic peptides [26,27], peak oxygen 
consumption [28,29], left ventricular end diastolic pressure (LVEDP) 
[30] and left ventricular deformation [31,32].

The first study examining the predictive value of RDW in chronic HF 
was conducted by Felker et al. back in 2007 [33]. The authors found 
that RDW exhibited the strongest association with cardiovascular 
death or HF hospitalization (adjusted HR 1.17 per 1-SD increase, 95% 
CI: 1.10–1.25, p < 0.001) among 36 laboratory parameters in a cohort 
of 2679 symptomatic chronic HF patients from the North American 
CHARM (Candesartan in Heart Failure: Assessment of Reduction in 
Mortality and Morbidity) program. Similar were the findings in the 
Study of Anemia in a Heart Failure Population (STAMINA-HFP) 
[18,34], as well as in patients post myocardial infarction (MI) [35]. In 
this regard, it has been proposed that RDW may be a better predictor of 
outcomes in HF patients than several echocardiographic parameters 
[36]. It is noteworthy that no association was observed between RDW 
and HF due to valvular heart disease [37]. A recent study reported an 
independent association between a low hemoglobin/RDW ratio and 
the risk of death as well as the combined endpoint of death or 
cardiovascular hospitalization in a cohort of 6888 HF patients. 
Interestingly, this association was observed over the whole spectrum 
of HF types, including HFrEF and HFpEF [38].

RDW in Acute HF
Increased RDW may be associated with a slower diuretic response 
[39], and elevated LV filling pressure (E/E') [40], and has been shown 
to predict early mortality in patients presenting with acute dyspnea at 
the emergency department (ED), irrespective of its etiology [41]. 
Notably, the addition of RDW to conventional laboratory tests (B-type 
natriuretic peptide, creatinine, sodium and chloride) may significantly 
improve the 30- day prognostic assessment (for all-cause mortality) of 
acute HF patients presenting in the ED [42].2The prognostic value of 
RDW in acute HF was initially reported in a Spanish study, which 
included 628 consecutive patients [43]. Pascual-Figal et al. collected 

clinical, echocar- diographic and laboratory variables at discharge and 
1followed up with patients for ~2  years. RDW was found to be a strong 

and independent marker of all-cause mortality (p = 0.004, HR 1.072, 
95% CI 1.023–1.124), regardless of anemia status (p for interaction > 
0.1 for the entire population). Therefore, this study demonstrated that 
RDW may be used as an early predictor of adverse outcomes in non-
anemic HF patients. Subsequently, it was demonstrated that RDW 
provided additional prognostic information to natriuretic peptides 
[44–48], that it may also be useful in the elderly [49] and that it may be 
a better predictor of outcome in patients with a preserved, than in those 
with reduced, left ventric- ular ejection fraction (LVEF) [50,51]. 
Patients with high RDW and N-terminal pro b-type natriuretic peptide 
(NT-proBNP) values exhibit the highest mortality rates, whereas those 
with low RDW and NT-proBNP exhibit the most favorable outcomes. 
Finally, a significant interaction between diabetes and RDW 
longitudinal changes from the patient's admission to 1-year post 
discharge has been reported [52].

RDW in Advanced HF
A retrospective analysis of 367 consecutive patients with advanced HF 
(New York Heart Association class III-IV) and concomitant diabetes 
mellitus revealed RDW as an independent predictor of all-cause 
mortality during the long term follow up [53].

RDW may be useful in risk stratification of patients selected for 
implantable car- dioverter defibrillator (ICD) therapy as it predicts 
death and appropriate therapy [54]. In patients with advanced HF 
undergoing cardiac resynchronization therapy (CRT), it has been 
reported that elevated RDW is associated with lower rates of “positive 
response” to CRT (defined as a reduction in LV end-systolic volume 
(LVESV) ≥15% or a relative increase in LVEF ≥ 15%) [55,56], and that 
elevated the RDW level before and after CRT implantation is 
independently associated with all-cause mortality [57].

A retrospective single center analysis of 188 continuous flow left 
ventricular assist devices (LVADs) implanted from 2004 to June 2014, 
revealed an independent association between higher pre-implant 
RDW values and mortality in a more than 1 year follow up [58]. 
Similarly, in the study by Truby et al. RDW was independently 
predictive of 90-day mortality (Odds Ratio (OR), 1.16 for 1% increase; 
CI, 1.04–1.31; p = 0.010) in a population of 409 continuous-flow 
LVADs [59]. Notably, mechanical unloading with continuous-flow 
LVADs was associated with a reduction in RDW levels. On the 
contrary, Ahmad et al. reported no change in RDW values, at a median 
of 135 days after LVAD placement [60]. Poglajen et al. proceeded to a 
5-day bone narrow stimulation with granulocyte colony stimulating 
factor (G-CSF) in 44 patients with advanced HF [61]. On the fifth day, 
a full blood count and a peripheral blood CD34+ cell count were 
performed. On a multivariable analysis, RDW turned out to be a sole 
independent predictor of poor stem cell mobilization (HR 8.64, 95% 
CI: 1.242–60.021, p = 0.01). Although the underlying mechanisms are 
not clearly defined, it appears that RDW may represent a useful tool to 
improve the selection of candidates for stem cell therapy in this 
population of patients [61]. Lastly, increased RDW in advanced HF 
patients immediately before orthotopic heart transplantation is an 
independent predictor of post-operative mortality during an average 
follow-up of 45.5 months [62]. 4. 

4. RDW Longitudinal Changes in HF
Acute HF
Several studies have reported the association between an increase in 
RDW longitudinal values (∆RDW) during HF hospitalization and 
adverse short [63,64] as well as long-term outcomes [65–67]. 
Enlarging RDW during hospitalization has added valuable prognostic 
information on top of hemoconcentration [68], whereas patients with 
positive ∆RDW between admission and 1 month after discharge have 
demonstrated a significantly higher cardiovascular mortality and HF 
re-hospitalizations compared with those with no positive RDW 
changes [69]. Núñez et al. reported the longitudinal association of 
RDW with mortality and anemia in 1702 patients recently hospitalized 
for AHF [70]. The investigators utilizing sophisticated statistical 
methods found that the RDW trajectory differs according to the 
patient's outcome, with relatively stable RDW levels over time for 
those patients who remained alive during the follow up (median 
follow-up = 1.5 years), and with a steeper slope near its occurrence for 
those who died [70].

Chronic HF
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In a cohort of 6159 ambulatory chronic HF patients, RDW's positive 
change from baseline to 1-year follow up was associated with all-cause 
mortality over a mean period of 4.4 ± 2.4 years (risk ratio for +1% 
increase in changes in RDW was 1.08 (95% CI 1.03–1.13; p = 0.001)) 
[71]. This effect was independent of anemia status or other baseline 
cardiac or renal indices, and particularly strong in those with a lower 
baseline RDW. In another study of 274 chronic HF patients, the 
combination of expanding RDW value and the evolving iron 
deficiency (falling MCV) over time conferred a three-fold escalated 
risk of mortality independently of changes in hemoglobin and RDW 
[72].

Taken all together, the above studies suggest that monitoring changes 
in RDW may serve as a robust longitudinal indicator for outcomes in 
the entire HF spectrum. Neverthe- less, these findings were not 
replicated in a recent study which analyzed data from two cohorts with 
AHF patients [73]. In particular, the ∆RDW (admission 
RDW—discharge RDW) was similar between patients who developed 
[0.2 (−0.2 to 0.7)] and those who did not develop [0.0 (−0.1 to 0.5)] the 
study endpoint all-cause death or HF rehospitalization at 1 year (p not 
adjusted for ties = 0.863; p adjusted for ties = 0.271). The contradictory 
findings between the latter study and previous studies indicating that 
∆RDW during hospitalization has clinical significance are 
incompletely understood. A potential explanation might be that the 
value of ∆RDW is small and may lie within the laboratory (assay) 
variation. Moreover, there is compelling evidence indicating that 
RDW may reflect inflammation [74]. Interestingly, inflammatory 
markers remain practically unaffected in the short term in hospitalized 
HF patients [75]. Nevertheless, whether RDW is the glycated 
hemoglobin (HbA1c) of the HF patient or not needs to be answered in 
future studies.

5. Systematic Reviews and Meta-Analyses
A systematic review and meta-analysis of 17 cohort studies with a total 
of 18,288 patients hospitalized for HF showed that RDW on admission 
and RDW at discharge, as well as its change during treatment, were of 
prognostic significance for HF patients [76]. In particular, a 1% 
increase in baseline RDW was associated with a 10% higher risk of all-
cause mortality [76]. Similarly, in the meta-analysis by Shao Q et al. 
(17 studies and 41,311 patients), for every 1% increase in RDW, the 
risk of all-cause mortality increased by 12% (HR 1.12, 95% CI 
1.08–1.16) [77]. In addition, every 1% increase in RDW was 
associated with a 9.1% increase in the risk of HF hospitalization (HR 
1.091, 95% CI 1.025– 1.162, I2 = 52.8%). Lastly, the meta-analysis by 
Hou H et al. consisting of 28 studies and 102,689 participants, revealed 
an HR of 1.12 (95% CI = 1.09–1.15) for all-cause mortality and an HR 
of 1.12 (95% CI = 1.08–1.17) for major adverse cardiac events, per 1% 
increase of RDW [78].

6.RDW and Prognostic Scores in HF
Risk prediction in HF provides information about patient prognosis, 
guides decision making and enables better understanding of provider 
performance [79]. A number of prog- nostic models have been 
developed both in acute and chronic HF [80,81]. RDW has been 
incorporated in some of them. For example, the Larissa Heart Failure 
Risk Score (LHFRS) is a simple prognostic model consisting of three 
variables, namely, history of hyperten- sion, history of coronary artery 
disease/myocardial infarction and RDW ≥ 15% [82,83]. Recently, this 
score has been externally validated in a cohort of 1670 consecutive 
AHF patients enrolled in The Registry Focused on Very Early 
Presentation and Treatment in Emergency Department of Acute Heart 
Failure (REALITY-AHF) [84] and found to be an independent 
predictor of 1-year all cause-death or HF rehospitalization (adjusted 
HR per 1-point increase, 95%CI: 1.17 [1.04–1.32], p = 0.011) [84].

A risk score derived from the machine learning assessment of risk and 
early mortality in heart failure (MARKER-HF) model accurately 
discriminated between low and high-risk of death (AUC = 0.88) by 
identifying eight variables, including RDW [85]. Lastly, RDW was 
included in the sex-specific intermountain inpatient heart failure 
model (iHF) for males [86]. The latter was derived during an inpatient 
admission (within 24h of hospitalization) and effectively predicted 
post-discharge 30-day readmission in independent validation 
populations.

7.RDW and Congenital Heart Disease
Congenital heart disease (CHD) is a common cause of HF and several 
studies have examined the association between RDW and outcomes in 

CHD patients. Increased RDW is a predictor of worse outcome in 
children undergoing surgery for CHD [87], in children with HF due to 
CHD [88] and in children with Tetralogy of Fallot undergoing 
corrective repair [89]. Interestingly, RDW is associated with central 
venous pressure and SVO2 in pediatric patients with Fontan 
circulation [90]. In adult patients with CHD, elevated RDW has been 
associated with increased IL-6 [91], low exercise capacity [92], as well 
as adverse cardiovascular events and poor survival [93–95].

8.RDW And Anemia
Nutritional deficiencies and heterozygous hemoglobinopathies are 
present in many forms of anemia and are characterized by different 
degrees of anisocytosis [13]. How- ever, several studies in the general 
population [5,24,25], as well as in acute [43,46,66,70], chronic [33,96] 
and advanced [97] heart failure have demonstrated the independent (of 
anemia) prognostic value of RDW. Nevertheless, keeping in mind that 
RDW is strongly inversely associated with anemia, its interpretation in 
anemic patients should be made with caution.

Table 1. Facts And Open Issues About RDW.

Figure 3. The role of RDW in heart failure. RDW is a simple parameter 
derived from the complete blood count (CBC) and expresses the 
variability in red blood cell size (anisocytosis). RDW has been used as 
a marker of prognosis in acute, chronic and advanced heart failure 
either as a sole variable or as a variable included in risk models. Higher 
RDW has been associated with increased risk of death and/or re-
hospitalization. Several (patho)physiological mechanisms such as 
ageing, oxidative stress, inflammation, kidney disease, iron deficiency 
and nutritional deficiency have been implicated in the reported RDW 
increase in patients with heart failure. Whether or not RDW can be 
used as a treatment target remains to be elucidated in future studies.
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Facts Open Issues/Controversies
RDW is an integral marker of 
the complete blood count and 
can be calculated by automatic 
hematology analyzers.

No universal consensus on the 
recommended method of RDW 
calculation (standard deviation or 
coefficient of variation) currently 
exists.

The typical reference range 
value of RDW-CV is 11.5–15% 
and of RDW-SD is 39–46 fL

No universal reference range 
values exist. Those often vary 
depending on the method of RDW 
calculation and the available 
hematological analyzers used. 

RDW is an established simple 
prognostic marker in heart 
failure (acute, chronic and 
advanced).

There are limited data on the role 
of RDW in cardio-oncology.

Several pathophysiological 
mechanisms of the RDW 
increase in heart failure have 
been proposed (inflammation, 
adrenergic stimulation, 
undernutrition, etc.).

The exact pathophysiological 
mechanism of RDW increase in 
heart failure remains unknown.

RDW values at hospital 
admission and discharge have 
been associated with prognosis 
in heart failure patients.

There is a debate on the 
prognostic value of in-hospital 
RDW changes (∆RDW).

The current RDW indications 
include the classification of 
several types of anemia and the 
estimation of patients' risk in 
cardiovascular diseases 
(including heart failure).

RDW may be used in the future to 
guide therapy in heart failure.



9.Future Perspectives
A fruitful area of research may be the evaluation of the prognostic 
value of RDW in cardio-oncology [98]. Until now, RDW has been used 
mainly for the assessment of prognosis, either as a sole marker or as a 
part of risk models, in HF patients. Nevertheless, keeping in mind that 
RDW reflects several mechanisms of HF development may expand its 
indications from a marker of prognosis to a treatment target (Table 1). 
Interestingly, data from the BIOSTAT-CHF (Biology Study to Tailored 
Treatment in Chronic Heart Failure) showed that up-titrating patients 
with HF based on biomarker values might have resulted in fewer 
deaths or hospitalizations compared with a hypothetical scenario in 
which all patients were successfully up-titrated [99]. Lastly, 
mechanistic studies regarding RDW increase in HF would be of great 
interest.

CONCLUSIONS
RDW is a simple marker of the CBC initially used for the classification 
of different types of anemia. It has an established prognostic role in 
acute, chronic and advanced HF (Table 2, Figure 3). A controversy 
exists regarding the prognostic value of in-hospital RDW changes in 
acute HF. Utilizing RDW as a treatment target in HF may be a 
promising area of research.
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