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ABSTRACT
Objective  To evaluate the prognostic value of baseline 
red cell distribution width (RDW) in patients with coronary 
artery diseases (CADs) undergoing percutaneous coronary 
intervention (PCI) by conducting a meta-analysis.
Design  Systematic review and meta-analysis.
Data source  PubMed, Embase, Wanfang, CNKI and VIP 
databases were searched from their inceptions to 19 June 
2019.
Eligible criteria  Studies investigating the value 
of baseline RDW for predicting all-cause mortality, 
cardiovascular mortality and major adverse cardiac 
events (MACEs) in patients with CAD undergoing PCI were 
included.
Data extraction and synthesis  Two authors 
independently extracted the data and evaluated the 
methodological quality using the Newcastle–Ottawa Scale. 
STATA V.12.0 software was applied to produce the forest 
plots using a random-effect model.
Results  Twelve studies (13 articles) involving 17 113 
patients were included and analysed. Comparison between 
the highest and lowest RDW category indicated that the 
pooled risk ratio (RR) was 1.77 (95% CI 1.32 to 2.37) 
for all-cause mortality, 1.70 (95% CI 1.25 to 2.32) for 
cardiovascular mortality and 1.62 (95% CI 1.21 to 2.18) 
for MACEs. The predictive effect of elevated RDW for all-
cause mortality was stronger in the subgroup of patients 
without anaemia (RR 4.59; 95% CI 3.07 to 6.86) than with 
anaemia.
Conclusions  This meta-analysis indicated that elevated 
RDW was associated with higher risk of mortality and 
adverse cardiac events in patients with CAD undergoing 
PCI. The value of elevated RDW for predicting all-cause 
mortality appears to be stronger in patients without 
anaemia. RDW may be served as a promising prognostic 
biomarker in patients undergoing PCI.

INTRODUCTION
Red cell distribution width (RDW) is a param-
eter reflecting variability in circulating eryth-
rocyte size. As a component of the complete 
blood count, RDW is routinely determined 
by automated haematology analysers. RDW is 
elevated in patients with anaemia, the pres-
ence of iron deficiency or who underwent 

blood transfusion.1 Traditionally, RDW was 
almost exclusively used for anaemia evalua-
tion. RDW is also of interest for its predictive 
role in patients with cardiovascular disease.2 
Therefore, RDW determination can improve 
the risk stratification of these high-risk 
patients.

Coronary artery disease (CAD) is usually 
caused by the build up of plaque, a waxy 
substance, inside the lining of large coronary 
arteries. A well-designed meta-analysis has 
demonstrated that increased RDW strongly 
predicted the major adverse cardiac events 
(MACEs) and mortality risk in patients with 
CAD.3 Percutaneous coronary intervention 
(PCI) is widely used in treating patients with 
CAD. Increased attention has been paid to the 
prognostic utility of RDW in patients under-
going PCI. High preprocedural RDW has 
been identified as an independent predictor 
of in-stent restenosis among patients with 
CAD.4 Several epidemiological studies5–13 
have been reported that elevated RDW 
level was associated with adverse outcomes 
in patients undergoing PCI. However, the 

Strengths and limitations of this study

►► This meta-analysis summarised the most up-to-date 
data on the prognostic value of red cell distribution 
width (RDW) in patients with coronary artery disease 
undergoing percutaneous coronary intervention.

►► Literature search, study selection, data extraction 
and quality assessments were performed by two 
independent reviewers.

►► The majority of included studies were considered to 
be of higher methodological quality.

►► There was statistically significant heterogeneity 
when pooling all-cause mortality and major adverse 
cardiac events outcome.

►► The optimal cut-off value of RDW could not be es-
tablished in the current meta-analysis.
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prognostic value of RDW on this particular subset of 
patients remains controversial.14 Nevertheless, the magni-
tude of prognostic values of RDW varied between studies. 
Anaemia is a well-known predictor of adverse prognosis 
in cardiovascular diseases. The predictive role of RDW is 
affected by the status of anaemia.3

No previous meta-analysis has been evaluated for the 
impact of elevated RDW on the adverse prognosis among 
patients with CAD undergoing PCI. To address these 
knowledge gaps, we conducted this meta-analysis to inves-
tigate the value of elevated RDW in predicting adverse 
clinical outcomes in this specific population.

MATERIALS AND METHODS
Search strategy
This study followed the guidelines of Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses.15 We 
comprehensively searched PubMed, Embase, Wanfang, 
CNKI and VIP databases for studies published from their 
inceptions to 19 June 2019 using the following search 
strategy: ‘red cell distribution width’ OR ‘RDW’ AND 
‘percutaneous coronary intervention’ OR ‘angioplasty’ 
AND ‘major adverse cardiac events’ OR ‘cardiovascular 
mortality’ OR ‘all-cause mortality’ OR ‘death’ AND 
‘follow-up’ (online supplementary text S1). In addition, 
a manual search was conducted in reference lists of the 
relevant studies. No language restrictions were applied in 
the literature search.

Study selection
The inclusion criteria were as follows: (1) prospective or 
retrospective observational study that recruited patients 
with CAD undergoing PCI; (2) baseline RDW as expo-
sure; (3) all-cause mortality, cardiovascular mortality 
or MACEs (defined as death, target vessel revascular-
isation and reinfarction) as outcome measures and (4) 
reported adjusted risk ratio (RR) or HR with their 95% 
CI of outcomes with higher versus lower RDW. Anaemia 
was defined as the baseline haemoglobin level of less 
than 13 g/L in men and 12 g/L in women. The exclu-
sion criteria were as follows: (1) reported unadjusted risk 
estimate; (2) follow-up duration less than 6 months; (3) 
without interesting outcome measures and (4) patients 
in other specific diseases’ populations (apart from CAD). 
For multiple articles from the same population, we only 
selected studies with larger sample sizes and the longest 
follow-up.

Data extraction and quality assessment
Two reviewers independently extracted the following 
relevant data and abstracted them in a standardised form: 
first author’s surname, year of publication, study design, 
country of origin, sample size, gender and mean age or 
age range; outcome measures, follow-up duration, most 
fully adjusted RR or HR, and adjustments for confounding 
factors. Where discrepancies were identified, two authors 
resolved the discrepancies through discussion. A 9-point 

Newcastle–Ottawa Scale (NOS) for cohort study16 was 
applied to evaluate the quality of the included studies, 
which judged the selection of study groups (4 points), 
comparability of groups (2 points) and ascertainment 
of outcomes (3 points). Studies awarded with a score of 
seven points or more were considered to be of high meth-
odological quality.

Statistical analysis
STATA V.12.0 software (Stata Corporation, College 
Station, Texas, USA) was applied to produce the forest 
plots by using ‘Metan’ command. We pooled the adjusted 
risk estimate for the higher versus lower RDW category. 
Significant heterogeneity across studies was determined 
using the I2 statistics ≥50% and Cochrane’s Q test with 
a significance set at p<0.1. Given the various sources of 
heterogeneity, we selected the random-effects analyses for 
all outcomes. To observe the influence of any single study 
on the overall risk estimate, we performed a sensitivity 
analysis by omitting one study each time. For subgroup 
analysis, the eligible studies (more than five studies anal-
ysed) were grouped according to subtype of patients 
(ST-segment elevation myocardial infarction (STEMI) 
vs all CADs), sample size (≥800 vs <800), duration of 
follow-up (>24 months vs ≤24 months) and study quality 
(NOS ≥7 points vs NOS <7 points). Begg’s test,17 Egger 
test,18 funnel plot and Galbraith plot were used to detect 
publication bias (p<0.10 level of significance) when the 
outcomes were reported in more than six studies.

Patient and public involvement
Neither patients nor the public were directly involved in 
the design, conduct, reporting or dissemination of this 
research.

RESULTS
Search results and studies’ characteristics
After the application of search strategy, a total of 845 
potentially relevant articles were identified during our 
initial literature search. After reviewing the titles or 
abstracts, 832 articles were removed for various reasons. 
Finally, 12 studies (13 articles5–14 19–21) involving 17 113 
patients undergoing PCI were included (figure 1).

The main features of the included studies are 
summarised in table  1. These studies were published 
between 2009 and 2019, with sample sizes ranging from 
100 to 6046. There were six articles7 8 10 13 19 20 recruiting 
STEMI patients, two12 21 enrolling acute coronary 
syndrome (ACS) patients and others recruiting all CAD 
patients. Three articles9 10 21 included patients who treated 
with drug-eluting stents. The mean age of patients ranged 
from 56.6 to 66.6 years old. Of these 13 articles, four6 8 13 20 
had a prospective design and others were retrospective 
in nature. The follow-up duration varied from 6 months 
to 5 years. The cut-off value of RDW ranged from 12.1% 
to 15.7%. For the quality assessment, eight articles were 
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considered to be of higher methodological quality 
(online supplementary table S1).

All-cause mortality
Six studies5 6 9 10 14 19 reported the outcome of all-cause 
mortality in overall patients. Meta-analysis indicated that 
elevated RDW was associated with an increased risk of all-
cause mortality (RR 1.77; 95% CI 1.32 to 2.37; figure 2A) 
in a random-effect model. There was significant heteroge-
neity (I2=56.3%; p=0.043). Sensitivity analyses indicated 
that the pooled RR ranged from 1.60 to 1.97 and low 95% 
CI ranged from 1.21 to 1.49 when omitting any single 
study each time. Table 2 lists the results of subgroup anal-
ysis. Publication bias may be present according to the 
result of Egger’s test (p=0.022) but not in the Begg’s test 
(p=0.133). In addition, visual inspection of the funnel 
plot (online supplementary figure S1) and Galbraith plot 
(online supplementary figure S2) indicated the presence 
of publication bias.

For the subgroup of patients without anaemia,5 6 11 19 
the pooled RR of all-cause mortality was 4.59 (95% CI 
3.07 to 6.86), without evidence of significant heteroge-
neity (I2=0.0%; p=0.597; figure 2B).

Cardiovascular mortality
Five studies7 8 14 20 21 reported the cardiovascular mortality 
as an outcome. Meta-analysis showed that elevated 
RDW was associated with an increased risk of cardiovas-
cular mortality (RR 1.70; 95% CI 1.25 to 2.32; figure 3), 

without evidence of significant heterogeneity (I2=46.2%; 
p=0.115). Sensitivity analyses indicated that the pooled 
RR ranged from 1.51 to 2.06 and low 95% CI ranged from 
1.17 to 1.31 when omitting any single study each time.

Major adverse cardiac events
Five studies12–14 20 21 provided data on the MACEs outcome. 
Meta-analysis indicated that elevated RDW was associated 
with an increased risk of MACEs (RR 1.62; 95% CI 1.21 to 
2.18; figure 4) in a random-effect model, with evidence of 
statistically significant heterogeneity (I2=79.8%; p=0.001). 
Sensitivity analyses indicated that the pooled RR ranged 
from 1.50 to 1.84 and low 95% CI ranged from 1.11 to 
1.33 when excluding any single study each time.

DISCUSSION
Summary of main findings
The main findings of this meta-analysis were that elevated 
RDW at baseline was associated with increased risk of all-
cause mortality, cardiovascular mortality and MACEs in 
patients with CAD undergoing PCI. The patients with 
elevated RDW level exhibited a 77%, 70% and 62% higher 
risk of all-cause mortality, cardiovascular mortality and 
MACEs, respectively. In patients without anaemia under-
going PCI, elevated RDW level significantly increased the 
risk of all-cause mortality by 4.59-fold.

Comparing with previous meta-analyses
Previous meta-analyses have evaluated the prognostic 
value of RDW in patients with CAD and ACS. Patients with 
CAD patients exhibiting elevated RDW had 2.2-fold and 
2.13-fold higher risk of all-cause mortality and fatal/non-
fatal events, respectively.3 Low RDW level was associated 
with 44% decreased risk of MACEs and 65% decreased 
risk of cardiovascular or all-cause mortality in patients 
with ACS.22 Our meta-analysis focused on the specific 
subpopulation of CAD to investigate the prognostic value 
of elevated baseline RDW in patients undergoing PCI.

Additional evidence
Elevated RDW as a predictor of all-cause mortality in 
patients undergoing PCI was supported by continuous 
variable analysis.23 24 Each percentage RDW elevation 
increased by approximately 70% high risk of MACEs.25 
Apart from the long-term prognosis, elevated RDW also 
independently predicted contrast-induced acute kidney 
injury,26 27 stent restenosis28 29 and bleeding.30 Given these 
findings, determining RDW before PCI in patients with 
CAD may improve risk stratification.

Mechanisms underlying the prognostic value of RDW
Potential mechanisms underlying the association of RDW 
with adverse outcomes have not been clearly defined. 
Inflammatory markers are associated with the severity 
and extent of CAD.31 High level of RDW is linked with 
inflammatory markers.32 Inflammation can increase 
RDW level by impairing iron metabolism and modu-
lating the bone marrow’s response to erythropoietin.33 Figure 1  Flow chart of studies’ selection process.

https://dx.doi.org/10.1136/bmjopen-2019-033378
https://dx.doi.org/10.1136/bmjopen-2019-033378
https://dx.doi.org/10.1136/bmjopen-2019-033378
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Moreover, oxidative stress also injuries erythrocytes and 
reduces erythrocyte survival, thereby leading to RDW 
elevation.34 35 Elevated RDW level may reflect chronic 
inflammation and oxidative stress, which might result in 
increased adverse outcomes.

Implications for practice and research
Anaemia was independently associated with adverse 
outcomes among patients undergoing PCI.36 Treatment 
with PCI plays a crucial role in postsurgery anaemia due 
to arterial vessel wall injury and receiving antiplatelet or 
antithrombotic medication during the PCI procedure. 
Our subgroup analysis indicated that the association 
between elevated RDW and all-cause mortality risk was 
even stronger in patients without anaemia. This finding 

revealed that the predictive role of RDW is most useful in 
patients without anaemia. However, the reasons for the 
differences between anaemia and without anaemia were 
unclear. In addition, the RDW value for predicting all-
cause mortality appeared to be weakened by the length-
ening of the follow-up period in our subgroup analysis. 
This finding suggested that the prognostic utility of 
RDW may be more suitable for predicting middle-term 
outcome. Measuring RDW before PCI added valuable 
clinical prognosis information.

Study limitations
Our meta-analysis has several potential limitations. First, 
the cut-off value for elevated RDW level varied between 
studies and we could not establish the optimal cut-off 
value of RDW elevation. Second, nutritional deficien-
cies are closely associated with RDW. The lack of adjust-
ment for some residual confounding factors such as iron, 

Figure 2  Forest plots showing pooled risk ratio with 95% 
CI of all-cause mortality for the higher versus lower red cell 
distribution width group in overall (A) and without anaemia (B) 
patients.

Table 2  Subgroup analysis on all-cause mortality

Subgroup Number of studies Pooled RR 95% CI Heterogeneity between studies

Type of patients

 � All CAD 4 1.84 1.16 to 2.93 p=0.026; I2=67.7%

 � STEMI 2 1.82 1.10 to 3.03 p=0.209; I2=36.6%

Follow-up duration

 � >24 months 4 1.51 1.16 to 1.96 p=0.146; I2=44.3%

 � ≤24 months 2 2.75 1.68 to 4.51 p=0.887; I2=0.0%

Sample sizes

 � ≥800 4 1.77 1.12 to 2.79 p=0.067; I2=58.2%

 � <800 2 1.93 1.16 to 3.20 p=0.107; I2=61.5%

Country

 � China 3 1.44 1.14 to 1.82 p=0.187; I2=40.3%

 � Others 3 2.85 1.80 to 4.50 p=0.928; I2=0.0%

Study quality

 � NOS ≥7 4 1.51 1.16 to 1.96 p=0.146; I2=44.3%

 � NOS <7 2 2.75 1.68 to 4.51 p=0.887; I2=0.0%

CAD, coronary artery disease; NOS, Newcastle–Ottawa Scale; RR, risk ratio; STEMI, ST-segment elevation myocardial infarction.

Figure 3  Forest plots showing pooled risk ratio with 95% CI 
of cardiovascular mortality for the higher versus lower red cell 
distribution width group in overall patients.
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folate or vitamin B12, and antiplatelet and antithrombotic 
drugs may have led to overestimation of the pooling 
results. Furthermore, pooling the most fully adjusted 
risk estimate may have resulted in underestimation of 
risk summary. Third, we only analysed the prognostic 
value of elevated RDW level by categorical analysis and 
not by continuous variables due to insufficient such data. 
Fourth, statistically significant heterogeneity was found 
when pooling all-cause mortality and MACEs outcome. 
Different MACEs definition, duration of follow-up, 
subtype of CAD patients, cut-off value of RDW and levels 
of adjustment may be potential sources of heterogeneity. 
Finally, publication bias has been observed when pooling 
all-cause mortality outcome. However, results of publica-
tion bias test are potentially unreliable due to the number 
of included studies is less than the recommended arbi-
trary minimum number of 10.37

CONCLUSIONS
This meta-analysis indicated that elevated RDW is associ-
ated with higher risk of all-cause/cardiovascular mortality 
and adverse cardiac events in patients undergoing PCI. 
The value of elevated RDW for predicting all-cause 
mortality is stronger in patients without anaemia. RDW 
may serve as a promising risk stratification biomarker 
for this specific CAD population. Future well-designed 
prospective studies are required to verify these findings.
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