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Abstract

~

Background: Increased red cell distribution width (RDW) has been associated with poor prognosis in
patients with heart failure (HF) and coronary heart disease (CHD) in multiple observation studies.
Methodology: Literature search of PubMed/Medline, Google Scholar, and Cochrane library databases
were conducted from inception till 31 March 2021 to identify studies reporting hazed ratios with 95%
Cls for any level of RDW on all-cause mortality in patients with HF and CHD (ST-elevation & non-
ST elevation myocardial infarction, coronary artery disease). Two investigators extracted study
characteristics using a standard form and pooled data using random-effects meta-analysis.

Results: A total of 30 eligible studies were included with a total of 57, 327 patients. The ages ranged
from 49-80 years with females being 2-53% in proportion. Hazard ratios for all-cause mortality among
patients with elevated RDW for heart failure (HF) was 1.15 (95% CI 1.09-1.22; p < 0.001) and for
CHD was 1.19 (95% CI 1.09-1.29; p = 0.001). There was 11% elevated hazard for death among HF
(HR:1.11 (95% ClI, 1.05-1.17; p-value = 0.005) and 18% among CHD (HR,1.18; 95% ClI, 1.08-1.30;
p-value = 0.007) per 1% increase in RDW levels in studies reporting them. Acute myocardial infarction
was associated with elevated hazard with increased RDW (HR, 1.17; 95% CI, 1.01-1.35), whereas no
such correlation was demonstrated with acute HF [p=0.17).

Conclusion: Baseline elevated RDW levels are significantly correlated with the increased all-cause
mortality among CHF and CHD patients. Elevated RDW can have prognostic importance in
anticipating the risk of death in these subset of patients.

Keywords: Red cell distribution width; congestive heart failure; coronary artery/heart disease; all-

cause mortality.
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Introduction

The red cell distribution width (RDW) is a
simple, rapid and readily available
hematological parameter, which measures
heterogeneity of the red blood cell size and is
now automatically generated by all
commercially  available  hematological
analyzers together with the complete blood
cells count (CBC).! In the past decade, there
had been increasing evidence recognizing
RDW as an independent marker for
anticipating outcomes in patients with
cardiovascular diseases such as — coronary
heart disease (CHD), congestive heart failure
(CHF), atrial fibrillation with higher values
correlating with worse outcomes.?” There is
no defined universal reference range for the
RDW, but most laboratories had used 11-
15% as the normal reference range.® A recent
study showed RDW value > 14.5% was twice
as more likely to predict mortality due to
CHD with an adjusted hazard ratio (HR) of
2.02 (95% CI 1.04-3.94).° Also, RDW when
used in conjunction with the conventional
Framingham Risk Score increases the
predictive accuracy of cardiovascular
mortality more than that of traditional
cardiovascular risk factors alone.® Prior
meta-analysis examining the impact of RDW
on either CHF patients or CAD patients have
lacked a composite comparison. Also, the
prior meta-analysis are non-contemporary in
the light of newer studies.’® 1312 With the
availability of new studies, we aimed to
perform a systematic review as well as the
meta-analysis to study the impact of RDW on
cardiovascular outcomes.

Methods

We conducted this systematic review in
accordance with the preferred reporting items
for systematic review and meta-analyses
(PRISMA) guidelines.®®* A PRISMA
checklist is provided in eTable 1, Data
Supplement.
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Obijectives
1. To summarize the demographic

information of patient population and
their underlying cardiovascular risk
factors from included studies.

2. To estimate the pooled hazard ratio
(HR) for all-cause mortality in
patients with congestive heart failure
(CHF) and atherosclerotic coronary
heart disease (CHD) with elevated
baseline RDW levels.

Search Strategy

Two authors (S.L. and S.R.) searched
PubMed/Medline, Google Scholar, and
Cochrane library databases to identify
relevant studies conducted from inception till
31t March, 2021 by using the following
search terms: “((cardiovascular) OR (Heart))
AND (red cell distribution width); (RDW)
AND (cardiovascular mortality); (RDW)
AND (card*); (red cell distribution width)
AND (heart failure); ((coronary) OR
(infarction)) AND (red cell distribution
width).” Two authors (S.L. and S.R))
independently reviewed 3631 citations
retrieved during literature search and
discarded 587 duplicate records. A total of
2101 articles were screened by their
title/abstract for eligibility, of which 1246
were recognized as not relevant to our
outcome of interest and hence were excluded.
Abstracts and full-length texts of 855 articles
were evaluated, of which 820 were reviews,
letters, correspondence, case reports, had
irrelevant patient age or study end-point and
were therefore excluded, leaving 35 articles
for a qualitative assessment. Five articles
were later on excluded as they did not report
information on patients with coronary artery
disease. Finally, 30 articles in total met the
criteria and were quantitatively evaluated and
preliminary findings were reported** (Figure
1). Any conflicts regarding study selection
were resolved by a third author (T.D.) and
mutual consensus®.
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Figure 1. PRISMA flow diagram for the search strategy.

Records identified through
PubMed/Medline database
searching
(n=2972)

Additional records identified:
Google Scholar — 638
Cochrane library — 21

(n =659)

Page 3 of 28

Copyright 2021 KEI Journals. All Rights Reserved

Records after duplicates removed

(n = 3044)

A 4

Records screened
(n=2101)

A 4

Full-text articles assessed
for eligibility
(n = 855)

Records excluded; not
relevant to outcome of
interest
(n =1246)

v

A 4

Studies included in
qualitative synthesis
(n=235)

Full-text articles excluded:
188 — Irrelevant age
516 — Reviews, letters,
case reports, comments
116 — Irrelevant end-point
(n=820)

A 4

A 4

Studies included in
guantitative synthesis
(meta-analysis)
(n=30)

Records did not include
patients with coronary
artery disease
(n=5)

htttp://journals.ke-i.org/index.php/mra




Sagar Ranka, et al.

Eligibility criteria and study selection

We included studies that reported adjusted
hazard ratio for all-cause mortality in
relationship with their baseline RDW levels.
Certain studies (n = 11) reporting mortality as
a composite outcome were also included in
the analysis. We excluded studies reporting
only univariate or unadjusted outcomes. In
studies reporting HR for categorical as well
as continuous values for RDW, the latter was
selected in our analysis. All hazard ratios
were assumed to be per unit increase in RDW
unless specified otherwise.

Data extraction and quality assessment

Two authors extracted the data and recorded
following variables of interest: Author(s)
names; year of publication; region; study
design; sample size; underlying co-
morbidities of participants; primary end-
point; duration of follow-up; and variables
adjusted while performing a multivariable
time-to-event analysis. The data were
extracted based on intention-to-treat. The
quality assessment was done by using the
Methodological Index for Non-Randomized
Studies (MINORS) criteria.'® The overall
scores of studies ranged from 7-12. A
detailed assessment of included studies is
shown in eTable 2, Data Supplement.

Data synthesis and analyses

The adjusted hazard ratios derived from the
Cox proportional hazards models in
individual studies were pooled together along
with their 95% CI and weighted by using the
generic inverse-variance method.2” Subgroup
analyses to ascertain the effect of RDW on
certain populations based on — a) presence
of acute heart failure; b) acute myocardial
infarction; c¢) follow up duration of short-
term (<30- days), mid-term (30-days to 1-
year), and long term (>1 year); d) studies
reporting HR per 1% increase in RDW were
also performed. A random-effects meta-
analysis model was used. We used Hartung-
Knapp-Sidik-Jonkman method for estimating
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tau-square (1) over the conventional
DerSimonian-Laird method, as it performs
better with fewer number of studies and has
lower type-I error rates even when combining
studies with unequal sample size 8
Publication bias was assessed by constructing
funnel diagrams of the effect size estimate
against its standard error (SE) (eFig. 1 & 2,
Data Supplement), Galbraith plots, and
performing Egger’s linear regression test of
funnel diagram asymmetry. Heterogeneity
between studies was quantified by Higgins I2
statistic. A two-sided p-value <0.05 was
considered as statistically significant. We
used meta and metafor packages for
conducting our analyses.!®?° All statistical
analyses were conducted in R(v3.6.3).

Results

Demographic findings

We identified 30 studies in total, of which 19
had all-cause mortality as their primary end-
point in patients with heart failure (including
acute and chronic)>**?13¢ and 11 included
patients with myocardial infarction (ST-
segment elevation and non-ST segment
elevation) or coronary artery disease,>37-6
which we collectively defined as the
coronary heart disease (CHD). The pooled
sample size was 57,327 patients with ages
ranging from 49-80 years; 47%-98% were
male participants. The prevalence of
hypertension ranged from 35%-87%, and the
prevalence of diabetes and smoking ranged
from 14%-50% and 11%-63%, respectively.
eTable 3, Data Supplement provides an
overview of individual studies and basic
demographic information of patients and
their co-morbidities along with the duration
for which they were followed-up.

Impact on All-cause mortality

We found that the pooled (adjusted) HR
estimate for all-cause mortality in heart
failure patients was 1.15 (95% CI 1.09-1.22;
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p < 0.001) (Figure 2). Similar to HF failure
patients, increased RDW also increased risk
of mortality by 19% in CHD patients (HR,
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1.19; 95% C1 1.09-1.29) (p = 0.001) (Figure

3).

Figure 2. Forest plot showing pooled hazard ratio for all-cause mortality in heart failure patients.
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Figure 3. Forest plot showing pooled hazard ratio for all-cause mortality in patients with coronary

heart disease.
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Impact of RDW in Acute HF and Ml
cohorts

Sub-group analysis of studies including only
patients with acute heart failure showed that
RDW did not affect the overall mortality
[HR, 1.13; (95% CI 0.92-1.36)] (p = 0.17).
The risk of mortality was also increased in
patients presenting with acute myocardial
infarction (HR, 1.17; 95% CI, 1.01-1.35)
(Figure 4). Furthermore, a subgroup analysis
based on follow up duration in HF patients
showed that the RDW trended towards
significance in the short-term (HR, 1.12;
p=0.06; eFigure 3, Data Supplement) but
significantly increased the risk of mortality in
the mid-term [HR, 1.15 (95% CI, 1.05-1.26)]
and long-term [HR, 1.20 (95% CI, 1.03-
1.39)] (eFig. 4 & 5, Data Supplement).

Whereas, among CHD patients, elevated
RDW correlated with increased risk of
mortality only in long-term [HR, 1.19 (95%
Cl, 1.07-1.32)] (eFig. 6 & 7, Data
Supplement).

Per 1% RDW increase

A distinct sub-group analysis including
studies that had reported individual HRs per
1% increment in RDW levels showed results
similar to composite analysis. The pooled HR
for all-cause mortality among heart failure
cohort per 1% rise in RDW levels was 1.11
(95% CI, 1.05-1.17) (p-value = 0.005) and
among CHD cohort was 1.18 (95% CI, 1.08-
1.30) (p-value = 0.007) (eFig. 8, Data
Supplement).

Figure 4. Forest plot showing the pooled HR for patients presenting with acute myocardial

infarction and acute heart failure.
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Discussion fatal/fatal myocardial infarction, re-

In our systematic review, we observed that
elevated RDW levels at the time of
admission, during the course of stay in
hospital, or at the time of discharge
significantly correlate with increased all-
cause mortality and the overall occurrence of
mortality rises by 15% (HR, 1.15) in CHF
patients and 19% (HR, 1.19) in CHD
patients, as suggested by their pooled HR
estimates. RDW has been recognized as an
independent predictor of not only mortality
but major adverse cardiovascular events
(MACE) as well, which includes any non-
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infarction, stroke, or stent thrombosis. 394043
RDW, which is a measure of
variability of anisocytosis or red cell volume
of erythrocytes, is calculated by dividing the
standard deviation of mean corpuscular
volume (MCV) by the MCV and multiplying
by 100 to yield a percentage value.*” Since
different laboratories have different methods
of measuring RBC size, dissimilar laboratory
standards, and statistical approaches, there is
no universal reference range till now. Most
laboratories use 11-15% as the normal range
but can vary depending upon the technique
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used for analysis by different commercially
available analyzers.84” Several studies have
shown value >14.5% is associated with
increased all-cause mortality and poor
prognosis.®® 4 We found that if the RDW
increases by 1% from the admission baseline
value either during the hospital stay or at time
of discharge, there is 11% and 18% more risk
of mortality in patients with CHF and CHD,
respectively.

The precise mechanisms responsible
for increased RDW in CHF and CHD patients
are not fully elucidated. However, existing
theories suggest that this elevation in RDW
levels is due to a complex interplay between
iron deficiency, long-standing inflammation,

Medical Research Archives vol 9 issue 7. July 2021
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circulating inflammatory cytokines, and
oxidative stress that is seen in both
atherosclerosis and heart failure (Figure 5).
RDW is usually elevated in conditions such
as iron, folate or B12 deficiency,
malnutrition, and hemolysis> — leading to
anemia, which is frequently observed in
coronary artery disease® and heart failure
with a prevalence of 4%-55%.5152
Furthermore, inflammation, a hallmark of
both atherosclerosis and early and late stages
of heart failure releases cytokines such as
tumor necrosis factor-alpha (TNF-a),
interleukin-1  (IL-1), and IL-6 into
circulation.53-%

Figure 5. Mechanisms leading to elevated red cell distribution width in patients with heart failure

and coronary atherosclerosis.

Heart Failure

Chronic Systemic [ Hypoperfusion I
Inflammation

V' absorption of
nutrients
(folic acid, vit.

B,,, iron, vit Dy)

Atherosclerosis

[ Oxidative Stress

M production of
inflammatory
cytokines (IL-1,
IL-6, TNF-a)

Inhibition of
Erythropoietin

I Malnutrition Inflammation Syndrome

l

sse Pragresson
T MW

>

Copyright 2021 KEI Journals. All Rights Reserved

htttp://journals.ke-i.org/index.php/mra



Sagar Ranka, et al.

The inflammatory stress can lead to
dysfunctional bone marrow in multiple ways
— inflammatory cytokines inhibit the effect
of erythropoietin on erythroid progenitor
cells in bone marrow and block its anti-
apoptotic effects leading to anemia and
increased RDW.*337°2 The excess production
of reactive oxygen species (oxidative stress)
has shown to play pivotal role in
pathophysiology of cardiac remodeling
leading to CHF and deranged hematopoiesis
causing anisocytosis.>*® These evidences
suggest that increased RDW seen in patients
with coronary heart disease and heart failure
is not solely due to iron or nutritional
deficiency but inflammation induced changes
in erythropoiesis also has a key role to play.
High sensitivity C-reactive protein (hsCRP)
has also been linked with the severity of
coronary heart disease.>’ However, it was
found to be a weaker predictor of mortality,
despite its positive association with the
baseline RDW.°8-60

Elevated RDW?’s association with
poor prognosis in patients with CHD and
CHF had been extensively studied.**26! The
reason for poor prognosis in these patients is
still unclear but several mechanisms had been
postulated. Anemia, which is prevalent in
cases of elevated RDW is a well-documented
cause of increased mortality in CHD and
CHF.526283 However, elevated RDW had
been associated with increased mortality
regardless of  hemoglobin  levels.*164
Increased RDW had been shown to correlate
with unfavorable lipid profile®® and reduced
deformability of the erythrocytes.®® This
rheological dysfunction of circulating RBCs
leads to decreased microvascular perfusion,®
which can explain the slow coronary flow
and decreased post-interventional
thrombolysis in myocardial infarction (TIMI)
flow in patients with elevated RDW.%6¢
Antioxidants such as vitamin-E are known to
reduce the formation of reactive oxygen
species and can contribute in improving the
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abnormal blood rheology.®® From a
therapeutic point of view, approaches
dedicated toward reducing the elevated RDW
levels in CHD and CHF patients can help
lowering the mortality risk.®® Furthermore,
alirocumab (FDA approved second-line
treatment for hypercholesterolemia) therapy,
demonstrated a significant reduction in
MACE and mortality without altering the
RDW levels.®® These interventions may be
beneficial for patients with CHD and/or CHF,
however, their therapeutic potential still
needs to be validated in this particular subset
of patients.

Limitations

The foremost limitation of our meta-analysis
lies in the study designs of included studies.
Due to an absolute unavailability of
randomized controlled studies, we had to rely
on prospective and retrospective studies for
our analyses, which could have resulted in
bias. Another limitation is the inconsistency
among the adjusted variables across
individual studies while estimating the Cox
proportional hazards ratio. Additionally, we
were unable to adjust for folate or vitamin
B12 levels, or high alcohol intake, all of
which may act as possible confounders.
However, our study involves patients from
various geographical regions and still
produces results that are concordant to
previously conducted meta-analyses, which
preserves its external validity.

Conclusion

Elevated RDW levels either at the time of
admission, during the course of stay in
hospital, or at the time of discharge
significantly correlate with the increased all-
cause mortality among CHF and CHD
patients and have prognostic importance in
anticipating the risk of death in these subset
of patients. This study also aims to creates
awareness among physicians regarding
utilizing this easily available tool in these

htttp://journals.ke-i.org/index.php/mra



Sagar Ranka, et al.

subsets of patients more to determine
prognosis of the disease.
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Data Supplement
eTable 1. PRISMA Checklist reporting necessary items.
Section/topic #  Checklist item REpc;rt: i on
. page#

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data 3
sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (P1CQOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), NA
and, if available, provide registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics 6
(e.q., years considered, language, publication status) used as criteria for eligibility, giving
rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study 5
authors to identify additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, 5
such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic 6
review, and, if applicable, included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in 6
duplicate) and any processes for obtaining and confirming data from investigators.

Data items 11 | Listand define all variables for which data were sought (e.g., PICOS, funding sources) and 6
any assumptions and simplifications made.

Risk of bias in individual | 12 | Describe methods used for assessing risk of bias of individual studies (including 6-7

studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 6-7

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including 6-7
measures of consistency (e.g., 1% for each meta-analysis.

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., NA

studies publication bias, selective reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- Data
regression), if done, indicating which were pre-specified. Supplement

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons 7-8

for exclusions at each stage, ideally with a flow diagram.
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Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, 7-8

characteristics follow-up period) and provide the citations.

Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item -

within studies 12).

Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data 8-9

individual studies for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals and measures of 8-9

results consistency.

Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 15). Data

across studies Supplement

Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression Data

analysis [see Item 16]). Supplement

DISCUSSION

Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider 10-12

evidence their relevance to key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 12
incomplete retrieval of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for 13
future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role 13

of funders for the systematic review.
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eTable 2. Quality assessment of studies included using Methodological Index for Non-Randomized

Studies (MINORYS) criteria.
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Study author (year)
Felker et al (2007) 2 1 2 2 0 2 2 0 11
Al Najjar et al (2009) 2 2 1 2 2 2 0 0 11
Jackson et al (2009) 2 0 2 2 0 2 0 0 8
Van Kimmenade et al (2009) 1 0 2 2 0 2 2 0 9
Pasqual-Figal et al (2009) 2 2 2 2 0 2 2 0 12
Forhecz et al (2009) 2 2 2 2 0 2 2 0 12
Allen et al (2010) 2 2 2 2 0 2 1 0 11
Jung et al (2011) 1 0 2 2 0 2 0 0 7
Oh et al (2012) 2 0 2 2 0 2 1 0 9
Yu et al (2012) 2 1 0 2 0 2 0 0 7
Bonaque et al (2012) 2 2 2 2 0 2 2 0 12
Aung et al (2012) 2 0 1 2 0 2 2 0 9
Rickard et al (2012) 2 1 2 2 1 2 0 0 10
Cauthen et al (2012) 2 0 2 2 0 2 1 0 9
Makhoul et al (2012) 2 1 2 2 0 2 2 0 11
Lappe et al (2013) 2 1 0 2 0 2 2 0 9
Tseliou et al (2014) 2 0 0 2 0 2 2 0 8
Topaz et al (2015) 2 0 2 2 0 2 1 0 9
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Melchio et al (2019) 2 0 2 2 0 2 1 0 9
Tonelli et al (2008) 2 2 2 2 0 2 2 0 10
Dabbah et al (2010) 2 0 2 2 0 2 0 0 8
Uyarel et al (2011) 2 0 1 2 0 2 2 0 9
Azab et al (2011) 2 0 0 2 0 2 1 0 7
Osadnik et al (2013) 2 2 2 2 0 2 2 0 12
Lee et al (2013) 2 2 0 2 0 2 0 0 8
Sahin et al (2014) 2 0 0 2 1 2 0 0 7
Yao et al (2014) 2 0 2 2 0 2 1 0 9
Arbel et al (2014) 2 0 2 2 0 2 0 0 8
Gijsberts et al (2015) 2 1 2 2 0 2 1 0 10
Machado et al (2020) 2 2 2 2 0 2 0 0 10
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eFigure 1. Funnel plot showing effect size of different studies against its standard error for HF.
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eFigure 2. Funnel plot showing effect size of different studies against its standard error for CHD.
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eFigure 3. Forest plot showing pooled HR obtained on sub-group analysis for the short-term
outcomes (<30 days) in patients with heart failure.

Weight Weight
Study TE seTE Hazard Ratio HR 95%~-Cl (fixed) (random)
Oh et al 0.13 0.0449 —‘-r-— 1.14 [1.04,; 1.24] 20.8% 21.8%
Lappe et al 0.10 0.0230 —+— 1.11 [1.06;1.16] 79.2% 78.2%
Fixed effect model . 1.12 [1.07; 1.16] 100.0% -
Random effects model +.12 [0.97; 1.28] - 100.0%
Heterogeneity: I = 0%, 1° < 0.0001, p = 0.60 ' '
0.9 1 1.1
eFigure 4. Forest plot showing pooled HR obtained on sub-group analysis for the mid-term (30-
days to 1-year) outcomes in patients with heart failure.
Weight Weight
Study TE seTE Hazard Ratio HR 95%-Cl (fixed) (random)
al-Najjar et al 0.11 0.0254 | f-'- 1.12 [1.07;1.18] 12.3% 12.5%
van Kimmenade et al 0.03 0.0122 | : 1.03 [1.01;1.05] 53.4% 13.0%
Forhecz et al 0.47 0.1099 1o —— 1.60 [1.29;1.98] 0.7% 6.6%
Allen et al 0.07 0.0286 — 1.07 [1.01;1.13] 9.7% 12.3%
Aung et al 0.12 0.0461 —to— 1.13 [1.03;1.24] 3.7% 11.2%
Cauthen et al 0.09 0.0375 —,+— 1.09 [1.01;1.17] 57% 11.8%
Makhoul et al 0.14 0.0290 - 1.15 [1.09; 1.22] 9.5% 12.3%
Tseliou et al 0.14 0.0485 T 1.15 [1.05;1.26] 3.4% 11.0%
Topaz et al 0.29 0.0706 | —— 1.33 [1.16;1.53] 1.6% 9.4%
Fixed effect model 0 1.07 [1.06; 1.09] 100.0% .-
Random effects model < 1.15 [1.05; 1.26] - 100.0%
Prediction interval —— [0.87; 1.52]
Heterogeneity: 1° = 83%, t* = 0.0124, p < 0.01 ' '
0.75 1 15
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eFigure 5. Forest plot showing pooled HR obtained on sub-group analysis for the long-term (>1
year) outcomes in patients with heart failure.

Weight Weight

Study TE seTE Hazard Ratio HR 95%-Cl (fixed) (random)
Felker et al 0.11 0.0390 |-+— 1.12 [1.04;1.21] 12.7% 16.0%
Jackson et al 0.06 0.0241 : 1.06 [1.01; 1.11] 33.3% 16.7%
Pascual-Figal et al 0.07 0.0261 5 1.07 [1.02; 1.13] 28.3% 16.6%
Jung et al 0.42 0.0932 | —— 152 [1.27;1.82] 2.2% 12.5%
Bonaque et al 0.14 0.0335 = 1.15 [1.08;1.23] 17.2% 16.3%
Rickard et al 0.17 0.0579 — 1.19 [1.06; 1.33] 5.8% 15.0%
Melchio et al 0.55 0.1852 | ———— 1.73 [1.20;2.49] 0.6% 7.0%
Fixed effect model o: 1.10 [1.07; 1.13] 100.0% -
Random effects model - 1.20 [1.03; 1.39] -~ 100.0%
Prediction interval e — [0.78; 1.83]

Heterogeneity: = 76%, = 0.0236, p < 0.01 !

0.5 1 2

eFigure 6. Forest plot illustrating the pooled HR for the mid-term (30-days to 1-year) outcomes in
patients with coronary heart disease.

Weight  Weight

Study TE seTE Hazard Ratio HR 95%~Cl (fixed) (random)
Lee et al 0.17 0.0728 —f— 1,19 [1.03;1.37] 61.4% 61.2%
Gjisberts et al 0.22 0.0917 i 1,25 [1.04; 1.50] 38.6% 38.8%
Fixed effect model e 1.21 [1.08; 1.36] 100.0% -
Random effects model ' —~=]=-+.~21 [0.89; 1.64) - 100.0%

Haterogeneity I = 0%, * < 0.0001, p =067
08 1 1.25
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eFigure 7: Forest plot for the long-term (>1 year) outcomes in patients with coronary artery disease.

Weight  Weight

Study TE seTE Hazard Ratio HR 95%~Cl (fixed) (random)
Tonelli et al 0.13 0.0424 o) 1.14 [1.05;1.24] 23.2% 14.2%
Dabbah et al 0.12 0.0519 hd 1.13 [1.02;1.25]) 15.5% 13.6%
Uyarel et al 0.60 0.2924 v 1,83 [1.03; 3.25] 0.5% 2.7%
Azab et al 0.10 0.0486 == 1.10 [1.00;1.21] 17.6% 13.8%
Osadnik et al 0.21 0.0454 - 1.23 [1.13;1.34) 203% 14.0%
Sahin et al -0.03 0.0764 - 097 [084;,113] 71% 11.8%
Yao et al 0.31 0.0874 —— 1.37 [1.15,1.63] 5.5% 11.0%
Arbel et al 0.16 0.0696 - 117 [1.02;1.34]) 8.6% 12.3%
Machado et al 0.41 0.1565 *—*— 1.51 [1.11,2.05] 1.7% 6.6%
Fixed effect model o 1.16 [1.11; 1.21] 100.0% -
Random effects model < 1.19 [1.07; 1.32) -= 100.0%
Prediction interval b— [0.85; 1.66]

Heterogeneity: /* = 55%, t° = 0.0182, p =0.02 I
0.5 1 2
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eFigure 8. Pooled Hazard Ratio for All-cause mortality per 1% increase in RDW levels.
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Heterogeneity: I? =38%, v <0.01, p =017

Hazard Ratio HR  95%-Cl Weight
| 1.12 [1.07; 1.18] 9.4%
. 1.06 [1.01;1.11] 95%
' 1.03 [1.01; 1.05] 10.0%
1.07 [1.02; 1.13] 9.3%
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- 1.15 [1.08; 1.23] 8.9%
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eTable 3. Details of studies and baseline characteristics of their patient cohorts included in this
systematic review.

Authors Study  Year Country  Studydesign Underlying Sample Age Male HTN Diabetes Smokers Primary End-
period cardiac size (n) (years) (%) (%) (%) (%) point
condition
Felker et al Not 2007 us Prospective Heart 2679 65 67 67 40 NA All-cause
specified cohort Failure mortality
Al Najjar et 2001- 2009 UK Prospective Heart 1087 72 743 355 19.6 NA All-cause
al 2008 cohort Failure mortality
Jackson et 2006 — 2009 UK Prospective Acute HF 707 73 52 NA 31 NA All-cause
al 2008 cohort mortality
Van Not 2009 us Retrospective  Acute HF 205 73 51 65 42 495 All-cause
Kimmenade | specified cohort mortality
etal
Pasqual- 2002- 2009 Spain Prospective Acute HF 628 71 68 57 39 NA All-cause
Figal et al 2003 cohort mortality
Forhecz et 2005- 2009 Hungary  Prospective Heart 195 70 744  68.7 37 NA All-cause
al 2006 cohort Failure mortality and
hospital
readmission
Allen et al Not 2010 us Prospective Heart 1012 64 58 69 38 11 All-cause
specified cohort Failure mortality and
all-cause
hospitalization
or mortality.
Jung et al 1999- 2011  Germany  Prospective Heart 354 49 75.7 NA NA NA All-cause
2005 cohort Failure mortality or
Heart transplant
Ohetal 2005- 2012 Korea Retrospective  Heart 261 62.6 548 50.2 31 NA CV events
2009 cohort Failure including CV
mortality and re-
admission for
HF.
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Bonaque et
al

Aung et al

Rickard et
al

Cauthen et
al

Makhoul et
al

Lappe et al

Tseliou et
al

Topaz et al
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Not 2012
specified
2003- 2012
2005
2006- 2012
2010
2001- 2012
2006
2001- 2012
2006
2008- 2012
2010
Not 2013
specified
Not 2014
specified
2004- 2015
2008
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China

Spain

UK

us

us

Israel

us

Greece

Israel

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Prospective
cohort

Retrospective
cohort

Prospective
cohort

Retrospective
cohort

Acute HF

Heart
Failure

Heart
Failure

Heart
Failure

Heart
Failure

Acute HF

Heart
Failure

Heart
Failure

Heart
Failure
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16,681

698

274

217

6052

614

6616

80

156
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66

71

69

64

66

76.7

714

57.8

69

49

63

69

73.3

64

48.2

47.7

97.6

80.8
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NA

63

NA

57

41

825

NA

NA

68

NA

422

NA

36.9

28

50

NA

NA

41

NA

NA

NA

63

NA

NA

NA

NA

NA

All-cause
mortality

Hospitali-
zation and
mortality

All-cause
mortality

All-cause
mortality

All-cause
mortality

All-cause
mortality or re-
admission

30-day re-
admission

All-cause
mortality or
LVAD
implantation

All-cause
mortality
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Melchio et 2014 2019 Italy Retrospective  Acute HF

al cohort

Tonelli et al NA 2008 us Post-hoc CAD
analysis

Dabbah et 2001- 2010 Israel Prospective Ml

al 2007 cohort

Uyarel et al 2003- 2011 Turkey Prospective Ml

2008 cohort
Azab et al 2004- 2011 us Observational CAD
2006

Osadnik et 2007- 2013 Poland Retrospective CAD
al 2011 cohort
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451 80 52 53 29 NA
4111 58.2 86.2 427 14 16
1709 61 78 50 29 12.8
2506 58.5 82 41 25 55
619 64 67 715 35 56.3
2535 64 705 716 37 345
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All-cause death
rate &

composite death
or re-admission

All-cause
mortality

All-cause
mortality

MACE
(mortality, re-
infarction, repeat
target vessel
revascularization

All-cause
mortality

All-cause
mortality
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Lee et al 2005- 2013 Korea Observational Ml 1596 64.5 67 46 28.8 43 Death and non-
2010 fatal Ml
Sahin et al 2010- 2014 Turkey Cross- Ml 335 63 67 51 32 35 All-cause
2012 sectional mortality
Yao et al 2009- 2014 China Prospective CAD 2169 60 67 50 22.7 NA All-cause
2011 cohort mortality
MACE
Arbel et al Not 2014 Israel Prospective Ml 535 61 77 43 47 44 All-cause
specified cohort mortality
Gijsberts et 2011- 2015 Netherland Retrospective Ml 1760 64 72 57.6 22 47.3 All-cause
al 2014 cohort mortality
MACE
Machado et 2011- 2020 Brazil Prospective Ml 485 61 63 62 26 62 MACE (all-
al 2018 cohort cause death, new
MI, stent
thrombosis, and
stroke after
primary PCI)

ACEI: Angiotensin convertase enzyme inhibitors; ACS: Acute coronary syndrome; ARB: Angiotensin receptor blockers; BMI: Basal metabolic index; BNP:
Brain natriuretic peptide; BUN: Blood urea nitrogen; CAD: Coronary artery disease; CHD: Coronary heart disease; CKD: Chronic kidney disease; COPD:
Chronic obstructive pulmonary disease; DBP: Diastolic blood pressure; EF: Ejection fraction; GFR: Glomerular filtration rate; HDL: High-density lipoprotein;
HF: Heart failure; HTN: Hypertension; IHD: Ischemic heart disease; JVP: Jugular venous pressure; LDL: Low-density lipoprotein; LVEF: Left ventricular
ejection fraction; MCV: Mean corpuscular volume; MI: Myocardial infarction; NYHA: New York Heart Association; PCI: Percutaneous coronary intervention;
PCWP: Pulmonary capillary wedge pressure; RAS: Renin-angiotensin system; SBP: Systolic blood pressure; TIMI: Thrombolysis in myocardial infarction;
WBC: White blood cells.
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