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Red blood cell distribution width and cardiovascular diseases
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Background: The red blood cell distribution width (RDW) is a rather simple measure of red blood cell
(RBC) size heterogeneity (i.e., anisocytosis), which is easily calculated by dividing the standard deviation (SD)
of erythrocyte volumes for the mean corpuscular volume (MCV). Emerging evidence suggests that, besides
RBC abnormalities, many human disorders may be frequently associated with a high degree of anisocytosis.
Methods: In this narrative review, we analyzed the current scientific literature about the putative role and
the potential epidemiologic association between RDW and cardiovascular diseases. The findings of the most
representative epidemiological studies were summarized and discussed.

Results: Overall, considerable and convincing evidence has been brought that an increased RDW value
is associated with acute coronary syndrome (ACS) [including acute myocardial infarction (AMI)], ischemic
cerebrovascular disease (including stroke), peripheral artery disease (PAD), as well as with atrial fibrillation
(AF), heart failure (HF) and hypertension. Higher anisocytosis also significantly and independently predicts
adverse outcomes in patients with these conditions.

Conclusions: Although the role of anisocytosis in the pathogenesis of cardiovascular diseases remains
uncertain, the considerable evidence available so far suggests that the clinical use of RDW may be broadened

beyond the conventional boundaries of erythrocyte disorders, in particular for assisting the diagnosis and

prognostication of patients with ACS, ischemic cerebrovascular disease, PAD, HF and AF.
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Introduction

The red blood cells (RBCs), also known as erythrocytes,
are non-nucleated blood elements exhibiting a typical
oval biconcave shape. Although the normal size of RBCs
is usually comprised between 80 and 100 fL, a number of
physiological (e.g., pregnancy, ageing or physical exercise)
and pathological (e.g., iron deficiency anemia, hemolytic
anemia, hereditary spherocytosis, congenital hemoglobin
disorders such as thalassemia or hemoglobin variants)
conditions may impair erythropoiesis and hence promote
a higher degree of heterogeneity of RBC volumes (1).
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This process is characterized by the appearance of smaller
(i.e., <60 fL) and larger (up to 120 fL) elements, which is
conventionally known as anisocytosis (Figure 1) (1,2). The
red blood cell distribution width (RDW) is a rather simple
measure of RBC size heterogeneity, which is calculated
by dividing the standard deviation (SD) of erythrocyte
volumes for the mean corpuscular volume (MCV) (i.e.,
RDW = SD/MCV). Although result can hence be expressed
either in absolute values (i.e., RDW-SD) or as a percentage
(i.e., RDW-%), the latter approach is more widely used
in routine laboratory practice. Since the RDW is not
a direct measure of anisocytosis, but can be easily and
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Figure 1 The relationship between distribution of mean corpuscular volume (MCV), anisocytosis and red blood cell distribution width

(RDW).

inexpensively calculated from the MCV, the vast majority
of hematological analyzers automatically provide the RDW
value within the complete blood cell count (CBC). It is
noteworthy, however, that the different approaches used for
measuring the erythrocyte size (i.e., impedance or optical
techniques), as well as the size limits and the relative height
of the RBC histogram used for the calculation differ widely
across commercial hematological analyzers, so that the
clinical usefulness of this parameter is still plagued by a poor
degree of harmonization among different manufacturers (3).
Accordingly, no universal reference range can be used
for this measure, since values are typically instrument-
dependent and the physiologic range of values may vary
between a minimum of 11% and a maximum of 15%,
respectively.

Beside RBC disorders, many acute and chronic
cardiovascular diseases including acute coronary syndrome
(ACS), ischemic cerebrovascular disease, peripheral artery
disease (PAD), heart failure (HF), atrial fibrillation (AF)
and hypertension are often associated with a high degree
of anisocytosis (4). Earlier studies in the general population
pinpointed the existence of an intriguing association
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between RDW and stroke or carotid atherosclerosis (5,6).
Wen et al. (7) observed a close relationship between high
RDW and ultrasound detection of advanced subclinical
atherosclerosis, such as an increase of intimal-medial
thickness (IMT) and the evidence of carotid plaques.
Sdnchez-Chaparro et al. (8) studied 217,567 Spanish
working people undergoing a routine medical checkup,
and reported that a high RDW is associated with metabolic
syndrome (MetS), a well-known condition encompassing
multiple risk factors for cardiovascular diseases.

The persistent RDW increase in cardiovascular
diseases has been attributed to the effective stimulation of
erythropoiesis by erythropoietin (EPO), a hormone secreted
during hypoxic events, which promotes the release of
enlarged RBCs from bone marrow (9). Another hypothesis
is that elevated RDW may be due to a slight reduction
of RBC turnover (10). More specifically, since the size of
RBCs gradually reduces with ageing of the cells, a decreased
rate of RBC turnover would allow smaller cells to persist
for longer into the circulating (10). The growing interest
in RDW, as reflected by the increasing number of scientific
articles published in this topic over the past decade (2),
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prompted many scientists to speculate that the chronic
inflammatory state which often accompanies acute and
chronic cardiovascular diseases may be another powerful
erythropoiesis modulator (11). In line with this hypothesis,
a number of proinflammatory cytokines are effective to
inhibit EPO secretion and RBC maturation, thus enhancing
anisocytosis (12,13).

Besides the unquestionable clinical value in the
differential diagnosis of anemias, interesting evidence
recently emerged that the RDW may provide valuable
information for diagnosing a variety of disorders and for
establishing the short- and long-term prognosis in patients
with these conditions (2,14,15). Therefore, the aim of article
is to provide an overview of the current scientific literature
about the epidemiologic association, the putative role and
the clinical usefulness of measuring RDW in patients with
cardiovascular diseases.

RDW in ACSs

One of the first study investigating the potential role of
RDW for the diagnosis of ACS was published by our group,
in the 2009. In brief, RDW was measured in 2,304 patients
consecutively admitted to the emergency department with
chest pain (14). Overall, 456 patients were finally diagnosed
as having ACS, and their median RDW value was found to
be significantly higher than that of non-ACS patients (15.1%
vs. 13.5%; P<0.001). The area under the curve (AUC) of
RDW for predicting ACS was 0.70 [95% confidence interval
(CI), 0.69-0.72]. An increased RDW was hence significantly
associated with the presence of ACS, exhibiting an odds
ratio (OR) of 3.60 (95% CI, 2.87-4.51). In an following
study including 1,971 patients admitted to the emergency
department for chest pain, Cemin er 4/. also found that
RDW was a significant predictor of acute myocardial
infarction (AMI), exhibiting an AUC of 0.61 (95% CI,
0.54-0.68). The sensitivity and specificity of RDW at the
13.7% cut-off value were 0.75 and 0.52, respectively (16).
Zalawadiya et al. (17) studied 7,556 participants of the
National Health and Nutrition Examination Surveys
1999-2006, and observed that an increased RDW value was a
powerful and independent predictor of future risk of coronary
heart disease (CHD) (OR for each unit increase in RDW,
1.35;95% CI, 1.27-1.45). A linear association between RDW
and risk of AMI was recently described in 25,612 participants
of the Tromse Study in 1994-1995 (18), wherein each 1%
increment in RDW was associated with a 13% increased risk
[hazard rado (HR), 1.13; 95% CI, 1.07-1.19]. Participants
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with RDW values above the 95 percentile had 71% higher
risk of AMI compared to those with RDW in the lowest
quintile (HR, 1.71; 95% CI, 1.34-2.20).

A high RDW value was found to be a significant
predictor of adverse outcomes in patients with ACS, and
especially of both in-hospital and long-term cardiovascular
mortality. Uyarel et al. (19) studied 2,506 patients
undergoing primary percutaneous coronary intervention
(PCI) for ST-segment elevation myocardial infarction
(STEMI), and showed that patients with elevated RDW
(i.e., 16.1%) at admission had higher in-hospital mortality
rate compared to those with normal RDW (7.6% wvs. 3.6%;
P<0.001). Gul ez al. performed a prospective study including
310 patients, and reported that the RDW at admission was a
significant predictor of adverse clinical outcomes in patients
with non-ST elevation myocardial infarction (NSTEMI)
and unstable angina pectoris (UAP) (20). In particular, the
3-year mortality rate was significantly higher in the high
RDW group comparted to the low RDW group (19%
vs. 6%). A significant association was also found between
high admission RDW and adjusted risk of cardiovascular
mortality (HR, 3.2; 95% CI, 1.3-7.78). Bekler ez 4l. studied
251 patients diagnosed with UAP and NSTEMI (21), and
showed that an elevated RDW value was associated with the
number of coronary arteries narrowed (r=0.190; P=0.002)
and with fragmented QRS (r=0.238; P=0.003), a well-known
predictor of cardiac events and all-cause mortality.
Interestingly, it was recently demonstrated that anisocytosis
correlates with the severity of atherosclerosis (22), and is
hence associated with the complexity of coronary artery
disease (CAD). Interestingly, Isik ez a/. (23) showed
that patients with angiographic CAD had significantly
higher RDW values compared with those without CAD
(14.4% vs. 12.5%; P<0.001). In multivariate analysis,
RDW was found to be an independent predictor of both
angiographic CAD (OR, 4.80; 95% CI, 2.41-9.57) and
of high (i.e., >32) SYNTAX (Synergy Between PCI With
Taxus and Cardiac Surgery) score (OR, 2.28; 95% ClI,
1.45-3.60). In another recent study, the RDW value was
found to be associated with severity of cardiac ischemia,
being higher in patients with NSTEMI compared to those
with UAP (14.6% vs. 13.1%; P=0.006) (24). In NSTEMI
patients, an increased RDW value (i.e., >14.9%) was
associated with higher risk of bleeding (HR, 2.67; 95% CI,
1.17-6.10) 25).

A substantial association between RDW and prognosis
of AMI patients was also observed by Ren et a/. in 1,442
Chinese patients with stable angina pectoris (26). In
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particular, higher RDW values on admission were associated
with an increased 1-year cardiac mortality (quartile 1: 0.51%;
quartile 2: 0.56%; quartile 3: 0.86%; quartile 4: 2.27%;
P<0.001) and 1-year ACS (quartile 1: 1.55%; quartile 2:
1.96%; quartile 3: 2.89%; quartile 4: 3.70%; P<0.001). In
logistic regression analysis, RDW independently predicted
cardiac mortality (OR, 1.54; 95% CI, 1.06-3.22) and ACS
(OR, 1.86; 95% CI, 1.23-3.49) during a 1-year follow-up.
More recently, Timéteo et a/. studied 787 consecutive
patients with ACS (27), and reported that an increased
RDW value (i.e., >13.9%) was a significant predictor of
death (HR, 1.17; 95% CI, 1.03-1.32).

RDW in ischemic cerebrovascular disease

There is now consolidated evidence that the RBC volume
is higher in patients with stroke compared to those without,
and is also a significant and independent predictor of both
cardiovascular and all-cause mortality in these patients (28).
Interestingly, RDW appears to be associated with the risk
of stroke not only in patients with HF (29,30), AF (31) and
CAD (32), but also in the general population.

Séderholm er al. studied 26,879 participants of
the population-based Malmo Diet and Cancer Study
(16,561 women and 10,318 men aged 45-73 years) without
a history of coronary events or stroke (5), and observed
that subjects in the highest quartile of RDW exhibited a
significantly increased incidence of stroke (HR, 1.31; 95%
CI, 1.11-1.54) and cerebral infarction (HR, 1.32; 95%
Cl, 1.10-1.58). Vayd et al. measured RDW in 163 patients
admitted for cryptogenic stroke and in 186 matched healthy
controls (33), and showed that a RDW value >14% was
independently associated with the risk of cryptogenic stroke
(OR, 2.54; 95% CI, 1.30-4.96). In a case-control study
including 224 consecutive patients with first-ever ischemic
stroke, Ramirez-Moreno and colleagues (34) reported that
patients in the highest quartile of RDW (i.e., >14.6%) had a
significantly higher risk of stroke compared to those in the
lowest quartile (OR, 4.50; 95% CI, 2.50-8.01).

In a subsequent study, Jia et #/. measured RDW in a
population of 392 patients with primary ischemic stroke (35),
and found that RDW was significantly associated with
carotid IMT (r=0.436). Even more importantly, RDW
was found to be an independent predictor of carotid artery
atherosclerosis (OR of the highest vs. the lowest quartile,
3.10;95% CI, 2.46-7.65).

Kim et al. measured RDW at emergency department
admission in 847 consecutive patients with a first-ever
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episode of acute cerebral infarction (36), and found that
this parameter was independently associated with poor
functional outcome (OR, 1.22 per 1% RDW increment;
95% CI, 1.06-1.41) and all-cause death (OR, 1.39 per 1%
RDW increment; 95% CI, 1.17-1.66) 3 months after stroke.
More recently, Kara ez a/l. performed a prospective cohort
study including 88 patients with acute ischemic stroke (37),
and reported that RDW values were higher in patients with
worse Glasgow Coma Scale (GCS), Canadian Neurological
Scale (CNS) and National Institutes of Health Stroke Scale
(NIHSS) scores.

RDW in PAD

Several lines of evidence seemingly attest that the
erythrocyte volume is modestly increased in patients with
PAD, so that an elevated MCV has been considered a
potential risk factor for this condition (38-40). As regards
the RDW, Zalawadiya et 4/. studied 6,950 participants of the
National Health and Nutrition Examination Survey (41),
and observed an increase of PAD prevalence in parallel with
increasing RDW values (4.2% in quartile 1 vs. 13.9% in
quartile 4; P<0.001). The addition of RDW to the American
College of Cardiology/American Heart Association-
defined PAD screening criteria led to a substantial increase
of diagnostic performance (i.e., AUC from 0.657 to 0.727;
P<0.0001).

Demirtas er al. prospectively followed 82 consecutive
patients with PAD and established disease severity according
to the Fontaine classification system (42). Interestingly,
the mean RDW value gradually increased across Fontaine
stages, from 13.6% in patients in stage I, to 14.8% in those
in stage II, up to 15.4% in patients in stage III. Another
epidemiological investigation assessed the prognostic utility
of RDW. In brief, Ye et al. (43) studied 13,039 consecutive
outpatients with PAD and reported that those in the
highest quartile of RDW (>14.5%) had a 66% greater
risk of mortality compared to those in the lowest quartile
(RDW <12.8%; P<0.0001). A 1% increment RDW was
associated with a 10% greater risk of all-cause mortality

(HR: 1.10; 95% CI, 1.08-1.12).

RDW in AF

Likewise patients with PAD, the presence of larger
erythrocytes is commonplace in patients with AF (44-46).
Although the etiology of the non-anemic and non-alcoholic
macrocytosis remains largely unclear, it has been
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speculated that oxidative stress and chronic inflammation
may contribute to reduce RBC survival, thus causing
the appearance of a mixed population (small and large
erythrocytes, corresponding to old and young elements,
respectively) in the circulation (47-49).

Adamsson Eryd er al. (50) carried out a prospective study
including 27,124 subjects (age 45-73 years, 62% women)
with no history of AF, HE, MI or stroke, who were followed
up for a mean period of 13.6 years. The incidence of AF
gradually increase across quartiles of RDW, with subjects
in the highest quartile exhibiting a HR of 1.33 (95% CI,
1.16-1.53) compared to those in the lowest quartile. The
risk remained essentially unchanged after adjustment for
potential confounding factors, and even after exclusion of
patients with MI or HF (HR 1.30; 95% CI, 1.13-1.51).
This association was then confirmed in a case-control
study including 117 patients with non-valvular AF
(103 paroxysmal and 14 chronic AF) and 60 healthy
matched controls (51). More specifically, RDW levels
were significantly higher in AF patients than in the control
group (13.4% wvs. 12.6 %; P=0.01). In multivariate logistic
regression analysis, RDW was found to be an independent
predictor of non-valvular AF (OR 4.18; 95% CI, 2.15-8.15).
Liu ez al. also studied 133 consecutive patients with
paroxysmal non-valvular AF and 101 patients without AF
matched for sex, age and atherosclerotic risk factors (52),
and reported that RDW was significantly higher in the AF
group than that in controls (12.7% wvs. 12.4%; P<0.05). In
multivariate logistic regression analysis, the RDW value
remained significantly and independently associated with
paroxysmal AF (OR, 1.63; 95% CI, 1.01-2.61). Interestingly,
a RDW value >12.5% exhibited 0.48 sensitivity and 0.67
specificity for the presence of paroxysmal AF.

The predictive value of RDW was then confirmed in
patients with post-operative AF. Ertas et al. retrospectively
analyzed data of 132 patients with post-operative AF
undergoing nonemergency coronary artery bypass grafting
(CABG) (53), and showed that preoperative RDW values
were significantly higher in patients who developed AF
than in those who did not (13.9% wvs. 13.3%; P=0.03).
A preoperative RDW value >13.4% predicted the onset
of AF with 0.61 sensitivity and 0.60 specificity. In another
investigation, Korantzopoulos ez 4/. studied 109 patients
undergoing elective cardiac surgery (on-pump coronary artery
bypass and/or valve surgery) (54), and showed that RDW
was the only independent predictor of AF in multivariate
logistic regression analysis (OR, 1.46; 95% CI, 1.08-1.99).
A RDW value >13.3% predicted AF with 0.80 sensitivity
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and 0.60 specificity, respectively. Kurt ez al. performed
a nested case-control study including 320 non-anemic
patients with AF (55), and found that RDW values were
significantly associated with higher CHA2DS2-VASc score
(AUC, 0.65; 95% CI, 0.59-0.71). A prospective study including
300 consecutive patients with AF followed up for a median
up period of 3.2 years was carried out by Wan ez al. (56).
Compared to patients in the lowest quartile of RDW, those
in the highest quartile exhibited a significantly higher risk
of both all-cause mortality (HR, 1.02; 95% CI, 1.01-1.04)
and major adverse events (MAEs) (HR, 1.01; 95% CI,
1.002-1.023). These results were confirmed by Gurses ez al.
who followed 299 patients with symptomatic paroxysmal or
persistent AF for a median period of 24 months (57), and
found that the RDW value was an independent predictor of
late AF recurrence in multivariate Cox proportional hazard
regression analysis (HR 1.88; 95% CI, 1.41-2.50).

RDW in HF

RDW is now regarded as an emerging marker for predicting
the onset and evolution of HF (58). In patients with HE, the
presence of anisocytosis may be interpreted as a homeostatic
response to the disease, thus reflecting the existence of
a potential link between ineffective erythropoiesis and
chronic inflammation (11).

In 2011 Borné ez al. published the results of the large
Malmé Diet and Cancer population-study, including 26,784
subjects (aged 45-73 years, 61% women) without history of
MI, stroke or HE, who were followed up for a mean period
of 15 years (59). During follow-up, patients in the highest
quartile of RDW exhibited a significantly increased risk of
developing HF compared to those in the lowest quartile
(HR, 1.47; 95% CI, 1.14-1.89). Interestingly, the strength of
this association substantially decreased after adjustment for
values of N-terminal pro-B-type natriuretic peptide, cystatin
C and high-sensitive C-reactive protein (HR, 1.64; 95% CI,
0.90-3.00), thus suggesting that these biomarkers may have
contributed to the observed relationship between RDW
and incident HF. In the following European Prospective
Investigation into Cancer and Nutrition (EPIC)-Norfolk
cohort study including 17,533 participants followed up
for a mean period of 11 years (60), Emans et a/. observed
a non-linear increase of HF risk across quartiles of RDW.
In particular, subjects in the highest quartile of RDW
exhibited a 44% higher risk of incident HF compared to
those in the lowest quartile (HR, 1.44; 95% CI, 1.15-1.80).
At variance with the previous study, this association
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remained significant after adjustment for established risk
factors including C-reactive protein, creatinine, iron and
ferritin (HR, 1.40; 95% CI, 1.11-1.77).

As regards the prognostic value of RDW in patients with
HE, Oh ez 4i. studied 100 patients with acute HF (61), and
observed that increased RDW values significantly predicted
the presence of elevated left ventricular filling pressure
(AUC, 0.633; P<0.05). Nishizaki er a/. retrospectively
analyzed the medical records of 160 patients aged 80 years
or older who died in the Department of Cardiology in
Juntendo Tokyo Koto Geriatric Medical Center (62). HF
was found to be the leading cause of death in this patients,
and a RDW value 216.5% was found to be significantly
associated with fatal HF (OR 2.36; 95% CI, 1.10-5.04).

Additional studies showed that RDW may provide
useful clinical information in patients with HF (63-67).
Interestingly, the degree of anisocytosis provides prognostic
information which not only seems independent from the
hemoglobin value (68), but that is even more accurate than
that of the hemoglobin concentration (69). In line with
previous findings, Pascual-Figal ez /. measured RDW at the
time of hospital discharge in 268 consecutive non-anemic
patients with acutely decompensated HF (70), and reported
that patients with RDW >15% had a 3-fold higher risk of
developing new-onset anemia during a 6-month follow-up
period (OR, 3.1; 95% CI, 1.5-5.1). In a following analysis
based on the same study population (71), a change of RDW
values during hospitalization predicted both all-cause
deaths (HR, 1.19; 95% CI, 1.01-1.41) and cardiac-based
mortality (HR, 1.31; 95% CI, 1.02-1.68) after adjustment
for additional risk factors.

Recently, Huang et a/. performed a meta-analysis of
17 studies totaling 18,288 patients with HF (65), and
concluded that RDW on admission and discharge, as well
as its variation during treatment, are prognostic markers
in HF patients. In particular, each 1% increase in baseline
RDW was associated with a 10% enhanced risk of all-cause
mortality (OR, 1.10; 95% CI, 1.07-1.13).

RDW in essential hypertension

It has been recently demonstrated that the value of RDW is
increased in hypertensive patients (72), especially in those
with non-dipper hypertension (73). It is hence not surprising
that anisocytosis, mainly resulting from ongoing vascular
inflammation, is correlated with complications of essential
hypertension, especially with abnormal left ventricle (LV)
geometric pattern (74), pathological changes of selected
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target organs (75), and early-stage renal function (76).
It has also been suggested that the placental hypoxia during
preeclampsia may stimulate erythropoiesis, thus leading to
increased RDW values in preeclamptic women (77). Due to
these important findings, Fici ez /. recently suggested that
RDW may be used as a reliable biomarker for evaluating
the efficacy of anti-hypertensive drugs (78).

Conclusions

There is now reliable evidence, convincingly supported by
a large number of epidemiological studies, that anisocytosis
is frequent in patients with a number of cardiovascular
diseases. It seems also apparent that an increased RDW
value may significantly (and independently) predict many
unfavorable clinical outcomes including recurrence of
vascular ischemia, mortality and MAEs. At variance with
other conventional biomarkers used for diagnosis and
prognostication of patients with cardiovascular diseases,
RDW carries some clinical and practical advantages (79).
In particular, although the presence of anisocytosis is not
specific for (or predictive of) any particular pathological
condition, an increased RDW value significantly and
independently reflects a worse prognosis in patients
with cardiovascular disorders, as well as in the general
population. Therefore, the degree of anisocytosis would
provide valuable information for the clinical and therapeutic
management, since it seems reasonable to suggest that a
more timely and aggressive treatment should be established
in patients with increased RDW. Preliminary evidence then
suggests that this parameter may be used as a surrogate
marker of, or even a treatment target for, patients with
dyslipidemia (80). Another substantial advantage of RDW
emerges from the fact that its value is automatically
generated by the modern generation of hematological
analyzers. RDW assessment is rapid, easy, inexpensive,
does not require specific skills or instrumentation, and
is hence measurable in virtually all clinical laboratories
performing routine or urgent testing. The current lack of
standardization represents the major drawback, wherein
RDW values generated by different hemocytometers should
not be used for longitudinal monitoring of patients’ data (3).

Nevertheless, an essential and yet unresolved question
remains, that is whether the association between
RDW and cardiovascular diseases is causal, or rather
anisocytosis may occur as a consequence of underlying
metabolic derangements that are commonplace in patients
with cardiovascular diseases. Indeed, erythropoiesis is
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substantially influenced by the concentration of many
inflammatory cytokines, oxidative stress, poor nutritional
status, dyslipidemia and increased RBC turnover. Most of
these conditions are frequently encountered in patients
with cardiovascular diseases, and it seems hence reasonable
to hypothesize that RDW may be an epiphenomenon
rather than an effective player in the pathogenesis of
cardiovascular diseases. Regardless of its putative role,
however, the considerable evidence available so far suggests
that the clinical role of RDW may be broadened beyond
the conventional boundaries of erythrocyte disorders,
especially for supporting the diagnosis and prognostication
of patients with cardiovascular diseases such ACS, ischemic
cerebrovascular disease, PAD, HF and AF.
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