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Abstract

Background: Red cell distribution width (RDW), a routine compo-
nent of the complete blood count (CBC), measures variation in the 
size of circulating erythrocytes. It has been associated with several 
clinical outcomes in cardiovascular disease. We sought to strengthen 
the association between RDW and mortality in patients admitted for 
acute coronary syndrome (ACS) by pooling together data from avail-
able studies.

Methods: Studies that fulfilled the following were identified for 
analysis: 1) observational; 2) included patients admitted for ACS; 
3) reported data on all-cause or cardiovascular (CV) mortality in as-
sociation with a low or high RDW; and 4) used logistic regression 
analysis to control for confounders. Using MEDLINE, Clinical Key, 
ScienceDirect, Scopus, and Cochrane Central Register of Controlled 
Trials databases, a search for eligible studies was conducted until 
January 9, 2017. The quality of each study was evaluated using the 
Newcastle-Ottawa Quality Assessment Scale. Our primary outcome 
of interest was all-cause or CV mortality. We also investigated the 
impact of RDW on major adverse cardiovascular events (MACEs) 
for the studies that reported these outcomes. Review Manager (Rev-
Man) 5.3 was utilized to perform Mantel-Haenzel analysis of random 
effects and compute for relative risk.

Results: We identified 13 trials involving 10,410 patients, showing 
that in ACS, a low RDW is associated with a statistically significant 
lower all-cause or CV mortality (RR 0.35, (95% CI 0.30 to 0.40), P 
< 0.00001, I2 = 53%), a finding that was consistent both in the short- 
and long-term.

Conclusions: A low RDW is also associated with lower risk for 
MACEs after an ACS (RR 0.56, (95% CI 0.51 to 0.61), P < 0.00001, 
I2 = 91%). A low RDW during an ACS is associated with lower all-
cause or CV mortality and lower risk of subsequent MACEs, provid-
ing us with a convenient and inexpensive risk stratification tool in 

ACS patients.

Keywords: Red cell distribution width; Acute coronary syndrome; 
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Introduction

The red cell distribution width (RDW), a routinely reported 
parameter in the complete blood count of most laboratories, 
is a numerical measure of the variability in size of circulating 
erythrocytes [1]. A higher RDW value indicates greater vari-
ation in size, and is the objective equivalent of anisocytosis 
noted in peripheral blood smears [2]. It has found utility in the 
work-up for the differential diagnoses of microcytic anemia 
[3-4].

The past decade has seen a rise in studies focusing on the 
use of RDW as a novel marker of prognosis and severity of 
several cardiovascular diseases. For example, Isik et al [5] 
demonstrated that a high RDW was an independent predictor 
not only of angiographically documented coronary artery dis-
ease (CAD), but also of more complex coronary artery lesions, 
as reflected by higher SYNTAX (Synergy between PCI with 
Taxus and Cardiac Surgery) scores. Research examining other 
diseases attributed to atherosclerosis, such as ischemic stroke 
and peripheral arterial disease (PAD), yielded similar findings. 
Jia et al [6] showed that elevated RDW was significantly and 
independently associated with carotid intimal medial thickness 
(IMT, a surrogate measure of progression of carotid athero-
sclerosis), and this was correlated clinically in a study by Kim 
et al [7], where they found that RDW was also associated with 
poor functional outcome and all-cause mortality at 3 months 
post-ictus. For patients with PAD, RDW was seen to increase 
gradually across Fontaine classification stages in a paper by 
Demirtas et al [8], while Ye et al [9] noted that a 1% incremen-
tal increase in RDW was associated with a 10% greater risk of 
all-cause mortality.

In terms of atrial fibrillation (AF), RDW was observed to 
be an independent predictor for the development of nonval-
vular AF [10]. It also had predictive value for post-operative 
AF in patients undergoing elective on-pump cardiac surger-
ies [11, 12], as well as the risk for both all-cause mortality 
and major adverse cardiovascular events (MACEs) in patients 
already with AF at baseline [13]. Beginning with Felker’s 
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landmark study [14], there have been an extensive number of 
studies published regarding the significance of RDW in heart 
failure (HF) patients, and a meta-analysis by Huang et al [15] 
concluded that increased RDW, whether at baseline or upon 
discharge, was associated with poor HF prognosis.

Since prognosis ultimately affects the urgency and aggres-
siveness of acute coronary syndrome (ACS) management, our 
group wished to focus on this particular subset of CAD pa-
tients. We therefore synthesized the available evidence involv-
ing patients with ACS to determine the association between 
RDW and mortality for this specific population. Our objectives 
are: 1) To determine the association of RDW with mortality in 
patients with ACS; 2) To determine the association of RDW 
with MACEs in patients with ACS.

Methods

Literature search

The four authors of this review independently searched the 
MEDLINE, Clinical Key, ScienceDirect, Scopus, and Cochrane 
Central Register of Controlled Trials databases for eligible 
studies published up to January 9, 2017. The search terms used 
were “red cell distribution width,” “RDW,” “acute coronary 
syndrome,” and “myocardial infarction.” In addition, we also 
examined the reference lists of primary studies and review ar-
ticles, as well as links to related or similar papers. Only human 
studies and articles with full text in English were included.

Inclusion and exclusion criteria

Studies that fulfilled the following inclusion criteria were iden-
tified for analysis: 1) observational study design; 2) included 
patients admitted primarily for ACS; 3) reported data on all-
cause or cardiovascular (CV) mortality in association with a 
low or high RDW; and 4) used logistic regression analysis to 
control for confounders. Studies involving patients with stable 
angina or stable CAD were excluded.

Data extraction

The Newcastle-Ottawa Scale (NOS) [16] was used to assess 
the quality of studies included for analysis. Using the NOS 
tool, a study may be awarded a maximum of nine stars to in-
dicate high quality, and it makes use of three major domains, 
namely selection of the study groups, comparability of the two 
groups, and assessment of outcome. Two of the authors (LL 
Abrahan IV and EL Cunanan) independently performed qual-
ity assessment, and differences were resolved by consultation 
with the third author (either JDA Ramos or MDA Tiongson) 
who was blinded to the previous assessment.

For the included studies, the data extracted were the fol-
lowing: author/s, year published, study design, population, 
sample size, outcome events (all-cause or cardiovascular mor-
tality, MACEs), and follow-up duration. The protocol for data 

extraction was similar to that for quality assessment, with dis-
putes once again resolved by discussion with the third author.

Statistical analysis

Meta-analysis was conducted using the Mantel-Haenzel ran-
dom-effects model to generate risk ratios, 95% confidence 
intervals (CIs), and forest plots. Heterogeneity was assessed 
through the I2 test, and prespecified subgroup and sensitivity 
analyses were performed. For subgroup analysis, the included 
studies were categorized according to duration of follow-up 
(< 1 year vs. ≥ 1 year) and study design (prospective vs. ret-
rospective).

Sensitivity analysis was done to evaluate the stability of 
pooled estimates and check for any significant change in results 
after individually excluding each of the studies. A study would 
be considered an outlier if its exclusion from the analysis pro-
duced a 95% confidence interval that did not overlap with the 
95% confidence interval of the original pooled estimate that in-
cluded all studies. Funnel plot analysis was used to evaluate for 
publication bias. All statistical analyses were carried out using 
Review Manager (RevMan) version 5.3 (The Nordic Cochrane 
Centre, The Cochrane Collaboration, Copenhagen).

Results

Literature search

Our systematic literature search yielded an initial total of 167 
potential articles. Figure 1 shows the flow chart for the identifi-
cation process, and the pool was subsequently narrowed down 
to 13 studies involving 10,410 ACS patients for inclusion in 
the meta-analysis.

Study characteristics

Table 1 [17-29] summarizes the details of the included stud-
ies. These studies were published from 2010 to 2016, with 
population sizes ranging from 100 to 2,506. Six of the studies 
had a prospective study design, while the rest were retrospec-
tive in nature. Study duration varied from 1 month to 4 years, 
with one study (Ilhan et al [23]) notably limited to in-hospital 
(prior to discharge) mortality outcome. The study populations 
were composed of varying permutations of ACS phenotypes 
(ST elevation myocardial infarction or STEMI, non-ST eleva-
tion myocardial infarction or NSTEMI, and unstable angina or 
UA). For the eight studies that also examined MACEs, these 
events had several definitions including, but not limited to: re-
infarction, the need for repeat revascularization, cardiogenic 
shock, heart failure, cardiac dysrhythmias, and stroke.

Quality assessment

For quality assessment, six of the included studies were given 
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the highest rating of nine stars on the Newcastle-Ottawa Scale, 
with the rest of the studies receiving seven to eight stars (Ta-
ble 2 [17-29]). The study by Cavusoglu et al [19] had a sub-
maximal score for cohort selection because it only included 
male patients. Six of the studies did not control for echocar-
diographic left ventricular ejection fraction during multivari-
ate analysis. Two studies were given submaximal scores for 
outcome assessment due to very short follow-up duration (1 
month or less).

RDW and mortality in ACS patients

The pooled risk ratio from the combined data of the 13 trials 
(Fig. 2) showed that a low RDW value upon admission of pa-
tients with ACS is associated with significantly lower all-cause 
or cardiovascular mortality (6.0% for low RDW vs. 16.3% for 
high RDW) (RR 0.35, (95% CI 0.30 to 0.40), P < 0.00001). 
There was a moderate degree of heterogeneity, with an I2 value 
of 53%. On sensitivity analysis, the overall results remained 
robust, and no studies were removed as statistical outliers. To 
further investigate for possible sources of heterogeneity, we 
proceeded with subgroup analysis.

We first classified the included studies according to the 
duration of follow-up (< 1 year or short-term vs. ≥ 1 year or 
long-term, Fig. 3). Both subgroups still showed a consistent 
association of low RDW with lower risk of death. However, 
compared to the primary analysis that included all 13 studies, 
the subgroup with shorter follow-up yielded a lower pooled 
RR of 0.23 (95% CI 0.15 to 0.34, P < 0.00001), while the 
subgroup with longer follow-up resulted in a slightly higher 
pooled RR of 0.39 (95% CI 0.32 to 0.47, P < 0.00001). The 
I2 values for both short and long-term subgroups (23% and 
25%, respectively) were lower than the I2 value of the original 
analysis (53%). The test for subgroup differences resulted in a 
high I2 value of 81.6%.

We then categorized the studies according to study design 
(prospective vs. retrospective, Fig. 4). Pooled RR estimates re-
mained similar to that of the original analysis (RR 0.30 (95% 
CI 0.19 to 0.46), P < 0.00001 for prospective; RR 0.32 (95% 

CI 0.24 to 0.42), P < 0.00001 for retrospective)]. I2 values 
within the prospective and retrospective subgroups were 66% 
and 41%, respectively. The test for subgroup differences yield-
ed an I2 value of 0%.

Funnel plot analysis for the 13 studies (Fig. 5) showed 
a relatively symmetric plot with most points clustered in the 
midline, suggesting the absence of significant publication bias.

RDW and MACEs in ACS patients

For the eight studies that recorded MACEs as outcomes (Fig. 
6), the pooled RR demonstrated a low admission RDW was 
also associated with lower risk for MACEs after an ACS 
(23.3% for low RDW vs. 32.9% for high RDW) (RR 0.56, 
(95% CI 0.51 to 0.61), P < 0.00001). The heterogeneity was 
considerably high for this analysis, with a value of I2 = 91%.

Discussion

The present systematic review and meta-analysis indicates 
that a low RDW on admission in patients suffering from ACS 
is associated with a lower risk of both death and subsequent 
MACEs. Previous meta-analyses have studied the associa-
tion between RDW and mortality in patients with CAD [30] 
and with heart failure [15], but to our knowledge, our study is 
the first meta-analysis to examine RDW on the background of 
ACS as a specific subpopulation.

We have shown that the risk for cardiovascular or all-
cause death for ACS patients with a low admission RDW is 
only approximately one third of the risk for patients with a 
high RDW (RR 0.35, (95% CI 0.30 to 0.40)). There was, how-
ever, a moderate degree of heterogeneity (I2 = 53%) among 
the 13 studies in this primary analysis. Sensitivity analysis 
showed that there were no particular outliers that skewed the 
data in a specific direction. On subgroup analysis, the duration 
of follow-up (with a cut-off of 1 year) appeared to be a sig-
nificant source of heterogeneity, since the specific grouping of 
studies drove down the I2 values within each subgroup. This 

Figure 1. Flow diagram for study identification and inclusion.
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was further confirmed by the test of subgroup differences (I2 
= 81.6%). Expectedly, the subgroup with the longer follow-
up (≥ 1 year) had the seemingly higher risk ratio (0.39 for 

long-term vs. 0.23 for short-term), likely since a longer time 
period would allow for more events to occur. This implies that 
shorter follow-up tends to underestimate the prognostic value 

Table 1.  Characteristics of Studies Included in Meta-Analysis

Author and year 
of publication Study design Population Population 

size
Mortality 
outcome MACEs evaluated Duration of 

follow-up
Azab et al (2011) [17] Retrospective NSTEMI 619 All-cause 

mortality
- 4 years

Bekler et al (2015) [18] Retrospective NSTE-ACS 202 CV mortality Reinfarction 18 months 
(median)

Repeat 
revascularization

Cavusoglu et al 
(2010) [19]

Prospective ACS subgroup of male 
patients referred for CA

189 All-cause 
mortality

- 2 years

Dabbah et al 
(2010) [20]

Prospective AMI 1,709 All-cause 
mortality

- 27 months 
(median)

Ghaffari et al 
(2016) [21]

Prospective Post-thrombolysis STEMI 312 All-cause 
mortality

Cardiogenic shock 7.7 months 
(mean)

Acute HF
Delayed ventricular 
dysrhythmias

Gul et al (2012) [22] Prospective NSTE-ACS 310 CV mortality Reinfarction 3 years
Stroke
Rehospitalization 
for HF

Ilhan et al (2012) [23] Retrospective AMI undergoing 
primary PCI

763 CV mortality - In-hospital

Isik et al (2012) [24] Prospective STEMI undergoing 
primary PCI

100 CV mortality Reinfarction 6 months

Repeat 
revascularization

Sun et al (2014) [25] Retrospective STEMI free of HF 
at baseline

667 All-cause 
mortality

- 41.8 months 
(mean)

Turcato et al 
(2016) [26]

Retrospective ACS 979 All-cause 
mortality

Reinfarction 3 months

Repeat 
revascularization

Uyarel et al (2011) [27] Retrospective STEMI undergoing 
primary PCI

2,506 CV mortality Reinfarction 21 months 
(median)

Repeat 
revascularization 
Advanced HF 
(NYHA III)

Wang et al (2011) [28] Prospective ACS 1,654 CV mortality Reinfarction 
Rehospitalization 
for HF

1 month

Zorlu et al (2015) [29] Retrospective ACS undergoing CA 400 All-cause 
mortality

Reinfarction 15 months 
(mean)

MACE: major adverse cardiovascular event; CAD: coronary artery disease; ACS: acute coronary syndrome; NSTE-ACS: non-ST elevation acute 
coronary syndrome; AMI: acute myocardial infarction; STEMI: ST elevation myocardial infarction; PCI: percutaneous coronary intervention; CA: 
coronary angiography; CV: cardiovascular; HF: heart failure; NYHA: New York Heart Association.
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Table 2.  Quality Assessment of Included Studies Using Newcastle-Ottawa Scale

Author and year of publication Selection Comparability Outcome Total rating
Azab et al (2011) [17]    9
Bekler et al (2015) [18]    9
Cavusoglu et al (2010) [19]    7
Dabbah et al (2010) [20]    9
Ghaffari et al (2016) [21]    9
Gul et al (2012) [22]    9
Ilhan et al (2012) [23]    7
Isik et al (2012) [24]    8
Sun et al (2014) [25]    8
Turcato et al (2016) [26]    8
Uyarel et al (2011) [27]    8
Wang et al (2011) [28]    8
Zorlu et al (2015) [29]    9

Figure 2. Forest plot showing pooled risk ratio of RDW and all-cause or cardiovascular mortality.

Figure 3. Subgroup analysis according to duration of follow-up (< 1 year vs. ≥ 1 year).
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of RDW.
At the outset, we hypothesized that study design (pro-

spective vs. retrospective) would also be a significant source 
of heterogeneity. Subgrouping by study design, however, did 
not seem to have an apparent effect on the pooled RRs for 
the subgroups. Heterogeneity remained within the subgroups 
(I2 = 66% for prospective; I2 = 41% for retrospective), and 
the test for subgroup differences revealed homogeneity (I2 = 
0%). Therefore, study design was not a significant source of 
heterogeneity for this analysis. Other factors that we identi-
fied as possible sources of heterogeneity include variations in 
study population (STEMI vs. NSTE-ACS vs. both), primary 
outcomes of interest, definitions of outcomes (especially for 
the MACEs), approaches in defining RDW categories (dichot-
omous vs. tertiles or quartiles), and the specific RDW assays 
that were utilized.

For the analysis of MACEs, the results showed that the 
risk for MACEs following an ACS in patients with a low ad-
mission RDW is only around half that of patients with a high 
RDW (RR 0.56, (95% CI 0.51 to 0.61)). In this analysis, het-
erogeneity was predictably high (I2 = 91%), given the different 
outcomes that were considered as MACEs in the individual 
studies, as well as the varying definitions for each particular 
outcome.

A particular strength of our study is the only moderate de-
gree of heterogeneity, considering that the included studies are 
all observational in nature rather than randomized controlled 
trials. This heterogeneity was further minimized with sub-
group analysis, pinpointing follow-up duration as one of the 
major contributors. In addition, the overall results were robust 
on sensitivity analysis. Included studies were of at least mod-
erate quality, and there was no evidence of publication bias on 

Figure 4. Subgroup analysis according to study design (prospective vs. retrospective).

Figure 5. Funnel plot for RDW and all-cause or cardiovascular mortality.
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funnel plot analysis.
Still, this analysis was not without its limitations. We had 

to exclude three articles since they were not written in English, 
opening up the possibility of study selection bias. Furthermore, 
although we selected studies that controlled for most of the im-
portant confounders that affect mortality in ACS patients (such 
as age, cardiovascular comorbidities, Killip classification, and 
LV ejection fraction), we did not screen for control of con-
founders for RDW. These include hematological factors such 
as anemia and folate or vitamin B12 deficiency.

The underlying atherosclerotic process can be considered 
the pathogenetic link that explains why there is a high vari-
ability in erythrocyte volume in ACS and other related cardio-
vascular conditions. The inflammatory state in atherosclerosis 
[31] leads to ineffective erythropoiesis and release of larger, 
immature erythrocytes from bone marrow [32, 33], which then 
skews the RDW towards higher values. Delayed RBC clear-
ance which is also associated with pathology and all-cause 
mortality has been proposed as another possible mechanism 
of increased RDW. Since RBCs normally grow smaller in size 
throughout their lifespan, postponing RBC elimination allows 
smaller erythrocytes to stay in the circulation, thus account-
ing for the low-volume tail-end of red cell volume distribution 
[34]. In addition, impaired iron mobilization may also play a 
contributing factor [32].

With the strength of evidence presented in this analysis, 
we therefore propose the use of RDW as a risk stratification 
tool for ACS patients. Knowing the prognosis of a patient in 
terms of the risk for death and MACEs can guide key points 
in clinical decision-making, such as the urgency for invasive 
angiography and possible revascularization. RDW is a simple 
and inexpensive diagnostic test, and is readily available as an 
automatic component of complete blood counts of laboratories 
worldwide. Also, since the lifespan of erythrocytes extends up 
to 120 days, RDW is less susceptible to biological variations 
over time compared to other conventional serum markers of 
ACS such as cardiac troponins.

We cannot ascertain from the results of this study whether 
RDW is a causative factor for mortality or MACEs in ACS 
patients. To determine this, large controlled trials to test RDW-
modifying therapies would have to be performed. We would 
first recommend validating the utility of RDW as a prognostic 
marker in a Filipino ACS cohort through our own local stud-

ies. From there, we can explore the possibility of incorporating 
RDW into risk scoring systems or providing incremental prog-
nostic value by combining it with other serum inflammatory 
markers.

Conclusions

Our study has demonstrated that RDW is associated with risk 
for mortality and MACEs in patients diagnosed with ACS. 
Relatively affordable, convenient, and readily available, RDW 
can be used as a risk stratification tool in our resource-limited 
setting.
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