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Abstract

Background: The aim of this study was to assess the prognostic value of red blood cell distribution width (RDW) in
patients with coronary artery disease undergoing percutaneous coronary intervention (PCl).

Methods: A retrospective cohort study (CORFCHD-PC], [Identifier: ChiCTR-INR-16010153]) of 6050 patients who were
hospitalized with a diagnosis of coronary artery disease (CAD) and treated with PCl from January 2008 to December
2016 were enrolled in the study. The primary outcome was long-term mortality after PCl. Clinical follow-up data of
participating patients were obtained during an outpatient examination 35.9 + 22.6 months after PCl. Demographic and
clinical data and admission laboratory parameters were recorded, and patients were categorized into two groups
according to RDW level (high group 213.1%; low group < 13.1%).

Results: Multivariate Cox regression analysis revealed RDW as an independent prognosis factor for cardiac death. The
incidence of cardiac death increased 1.33 times in patients in the high RDW group (HR, 1.331; 95% Cl,

1.009-1.755, P=0.043). Kaplan—-Meier survival analysis suggested that patients with high RDW tended to have an
increased accumulated risk of cardiac death. However, we did not found significant differences in the incidence of
long-term mortality (adjusted HR = 1.203[0.941-1.537], P = 0.140), MACCE (adjusted HR = 1.128[0.979-1.301], P=0.096),
MACE (adjusted HR = 1.155[0.994-1.341], P = 0.059), stroke, bleeding events or readmission between the two groups.

Conclusion: The baseline level of RDW is an independent predictor for cardiac death in post-PClI CAD patients.
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Introduction

Coronary artery disease (CAD) is a complicated multifac-
tor disease. A large number of recent clinical and basic re-
search found that patients with CAD exhibit the
traditional risk factors and some newly identified risk fac-
tors, such as new lipid parameters, atherogenic index of
plasma, nonhigh-density lipoprotein cholesterol and the
apolipoprotein B to apolipoprotein A1l ratio [1-3]. Periph-
eral blood parameters were also identified, such as platelet
distribution width, mean platelet volume, hemoglobin and
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serum total bilirubin [4—6], and several inflammatory pa-
rameters were demonstrated, such as C-reactive protein,
interleukin, fibrinogen, Cystatin C, and high homocysteine
levels [7-9].

Biomarkers have become integral to the care of patients
with CAD, and sometimes these markers are the key to
establishing a diagnosis, determining risk, and guiding
therapy. As one of the characteristic parameters of blood,
red blood cell distribution width (RDW) was only used for
the diagnosis and differential diagnosis of anemia before
2007. Felker et al. [10] found that RDW could be used as
an independent predictor of the prognosis of patients with
heart failure. A growing number of research gradually
found that RDW was closely related to the prognosis of
cardiovascular disease. The association between increased
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RDW and heart failure [11-13], atrial fibrillation [14—16],
and pulmonary hypertension [17, 18] emerged in some
studies. The relationship between RDW and coronary
heart disease was initially studied recently [19-21]. How-
ever, there are relatively few studies investigating the prog-
nosis values of RDW in patients with PCI. Therefore, our
study examined the RDW levels of patients with CAD
undergoing PCI and discussed the effect of RDW level on
long-term clinical outcome.

Methods

Design and study population

The Clinical Outcomes and Risk Factors of Patients with
Coronary Heart Disease after PCI (CORFCHD-PCI) study
is a large, single-center retrospective cohort study based
on case records and a follow-up registry performed in the
First Affiliated.

Hospital of Xinjiang Medical University. The details of
the design are registered at http://www.chictr.org.cn
(Identifier: ChiCTR-INR-16010153). The CORFCHD-PCI
study was designed to evaluate the clinical outcomes and
risk factors.

of CAD patients after PCI. We collected demographic
data, clinical characteristics, risk factors, blood samples,
biochemical data, electrocardiographs (ECG), echocardi-
ography, coronary angiography, PCI procedure, and
long-term outcomes for CAD patients who underwent
PCI in the First Affiliated Hospital of Xinjiang Medical
University from January 2008 to December 2016. The
study protocol was approved by the ethics committee of
the First Affiliated Hospital of Xinjiang Medical Univer-
sity. Because of the retrospective design of the study, the
need to obtain informed consent from eligible patients
was waived by the ethics committee. Follow-up data
were obtained via review of the medical records and/or
telephone interview with the patient or family members.

Definitions

Hypertension was defined as a systolic blood pressure of
> 140 mmHg and/or a diastolic blood pressure of >90
mmHg in at least 2 measurements or the use of any an-
tihypertensive drug. Diabetes mellitus was defined as
fasting plasma glucose levels of 126 mg/dl on multiple
measurements or current use of anti-diabetic medica-
tions. Hypercholesterolemia was considered total serum
cholesterol of >200mg/dl or the use of lipid-lowering
medication. Smoking and drinking status was defined as
current tobacco and alcohol use.

Clinical and demographic characteristics

Peripheral venous blood samples of the patients were ob-
tained on admission in the inpatient ward. Data on clinical
and demographic characteristics, including age, sex, his-
tory of hypertension and diabetes mellitus, and smoking
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and drinking status, were collected from medical records.
Echocardiography and laboratory data, including complete
blood cell count, lipid parameters and left ventricular ejec-
tion fraction (LVEF) were noted. During the follow-up
period, the use of B-blockers, angiotensin-converting en-
zyme inhibitors (ACEIs), angiotensin II receptor blockers
(ARBs), statins, aspirins, clopidgrel and calcium channel
blockers (CCBs) were recorded.

Endpoints

The primary endpoint of the study was long-term mortal-
ity, including all-cause mortality (ACM) and cardiac mor-
tality. The key secondary endpoints were stroke, bleeding
events, readmission and major adverse cardiac events
(MACE), which were defined as the combination of car-
diac death, recurrent myocardial infarction, and target
vessel reconstruction as described previously [20]. Briefly,
deaths were considered a cardiac condition unless a defin-
ite cause of noncardiac was identified. Recurrent myocar-
dial infarction was defined as a new Q wave, and an
increased concentration of creatine kinase MB to greater
than 5 times the upper limit of the normal range within
48 h after procedure or new Q waves or an increase in cre-
atine kinase MB concentration to greater than the upper

6050 patients underwent
PCI were initially

evaluated Four patients
excluded for
the heart rate
data not
6046 patients were avialiable
finally enrolled the
analyses
RDW<13.1 RDW2>13.1
(N=2894) (N=3152)

Primary endpoints: Long-term mortality including
all-cause mortality, and cardiac mortality.
Secondary endpoints: Stroke, readmission, MACEs
(defined as cardiac mortality, nonfatal myocardial
infarction and target vessel reconstruction ) for up to
10 years of follow-up.

Fig. 1 The follow chart of participants inclusion
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Table 1 Baseline characteristics

Page 3 of 8

Variables Low RDW (n = 2894) High RDW (n =3152) P value
Age (years) 57.8+10.7 609+10.7 < 0.0001
Male [n (%)] 2215 (76.5%) 2280 (72.3%) < 0.0001
Smoking [n (%)) 1236 (42.7%) 1183 (37.5%) < 0.0001
Drinking [n (%)] 925 (32.0%) 841 (26.7%) < 0.0001
Hypertension [n (%)] 1169 (40.4%) 1386 (44%) 0.005
Diabetes [n (%)] 738 (25.5%) 713 (22.6%) 0.009
BMI (kg/mz) 2591+7.36 26.01+7.06 0.744
SBP (mmHg) 126+18 12719 0.006
HR (bpm) 7511 76+ 11 0.041
WBC(x10%/) 739+£242 734+£241 0417
RDW(%) 1254+039 13.84+090 < 0.0001
PLT(x10%/1) 216458 21461 0283
BUN (mmol/l) 538+1.55 565=+1.78 < 0.0001
Cr (mmol/l) 7469 £ 18.39 77.02 £ 22.09 < 0.0001
UA (mmol/l) 321+88 325+92 0.068
FBG (mmol/l) 6.81+£3.79 6.39+3.03 < 0.0001
TG (mmol/l) 1.92+1.25 1.88+£1.28 0.234
TC (mmol/l) 394 +1.09 397£1.12 0.241
HDL-C (mmol/I) 1.01 £044 1.02£0.51 0.264
LDL-C (mmol/l) 243 +£0.89 248 £0.93 0.090
ApoA-l(g/1) 1.16+£0.30 1.16+0.32 0511
ApoB(g/1) 0.84 £0.35 0.86£043 0.123
Gensini Score 31£36 33+42 0.182
LVEF(%) 61+7 61+7 0464
Prior Medication
Beta-blocker [n (%)] 1175 (40.8%) 1251 (39.8%) 0436
ACEl or ARB [n (%)] 658 (22.9%) 708 (22.6%) 0.780
Statin [n (%)] 1637 (57.1%) 1619 (51.8%) < 0.0001
Aspirin [n (%)] 2014 (70.1%) 2034 (64.9%) <0.0001
Clopidgrel [n (%)] 898 (31.3%) 938 (29.9%) 0.245
CCB [n (%0)] 347 (12.1%) 343 (10.9%) 0.171

ACEl angiotensin-converting enzyme inhibitor, ARB angiotensin receptor antagonist, CCB calcium channel blocker, LVEF left ventricular ejection fraction, SBP
systolic blood pressure, HR heart ratio, WBC white blood cell, RDW red cell distribution width, BUN blood urea nitrogen, Cr creatinine, UA Uric Acid, FBG fasting
blood glucose, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, ApoA-I apolipoprotein Al,

ApoB apolipoprotein B

limit of the normal range plus ischemic symptoms or
signs, if occurring more than 48 h after the procedure, as
described previously [20]. Stroke is defined as a sudden
onset of vertigo, numbness, aphasia, or dysarthria caused
by cerebrovascular disease, including hemorrhage, embol-
ism, thrombosis, or aneurysm rupture, and persisting for
>24h [20]. Bleeding events were determined according to
the Bleeding Academic Research Consortium (BARC)
standard [21]. Target vessel revascularization (TVR) was
defined as any repetitive revascularization in a treated ves-
sel where there was at least a 50% diameter stenosis in the
presence of ischemic signs or symptoms or at least 70%

stenosis in the absence of ischemic signs or symptoms
[20]. An adjudication committee that was blinded to the
patient group determined all incidents. An event adjudica-
tion committee that was blinded to patient group adjudi-
cated all events.

Statistical analysis

SPSS 22.0 Statistical Package Program for Windows (SPSS
Inc.,, Chicago, Illinois) was used for all statistical analysis.
The study population was divided into two groups based
on RDW level. The Kolmogorov-Smirnov test was used to
assess normality of distribution. Continuous variables with
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a normal distribution are reported as the mean + standard
deviation, and categorical variables are specified as num-
bers and percentages. To compare parametric continuous
variables, Student’s t tests were used, and to compare non-
parametric continuous variables, Mann-Whitney U tests
were used. Chi-squared (Xz) tests were used to compare
categorical variables. Multivariate Cox regression analysis
was used for determinations of independent parameters
for prognosis. Sequential models were developed to exam-
ine the incremental prognostic value of the parameters.
Incremental factors added to the model at each step were
considered significant when the difference in the log-
likelihood associated with each model corresponded to
P<0.05. Long-term survival was analyzed using the
Kaplan-Meier method. The P values were 2-sided, and
P < 0.05 was considered significant.

Results

The follow-up charts of participants are shown in Fig. 1.
The mean follow-up was 35.9 + 22.6 months. RDW values
ranged from 9.00 to 21.60% (median = 13.1%; interquartile
range 12.60-13.60%). We divided RDW into two groups
according to the median. Baseline characteristics of the two
groups are shown in Table 1. There were 2894 patients in
the low RDW group and 3152 patients in the high RDW
group. Participants with higher RDW values were more
likely to be older with a higher hypertension incidence,
higher heart ratio (HR), systolic blood pressure (SBP), blood
urea nitrogen (BUN), and creatinine (Cr) and lower use of
statins and aspirin (P<0.05). High proportions of males,
high rate of drinking, smoking, and diabetes incidence and
higher fasting blood glucose (FBG) were found in the low
RDW group (P < 0.05).

Table 2 Long term cardiac events
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The incidence of total primary end point was 3.9% in
the low RDW group and 6.2% in the high RDW group
(P <0.001). The incidences of readmission, main adverse
cardiovascular and cerebrovascular events (MACCE)
MACE, cardiac death and recurrent myocardial infarction
were also significantly different between the two groups
(P<0.05), and significant increases were observed in the
higher group. Although there was a significant difference
in the use rate of aspirin between the two groups, we did
not find differences in the incidence of bleeding events or
stroke between the two groups (Table 2).

Univariate models for each of the predictor variables
were created, and variables that were significant (P < 0.05)
in univariate Cox models were entered into multivariate
Cox regression analysis. In multivariate Cox regression
analysis, after adjusting for the traditional clinical prog-
nostic factors, including age, sex, diabetes, hypertension,
smoking, drinking, SBP, HR, BUN, Cr, FBG, use of statins,
aspirin, and clopidgrel, which were the significant factors
in univariate Cox models, we found that RDW also pre-
dicted poor clinical outcomes. RDW was an independent
predictor for cardiac death in the high RDW group. The
incidence of cardiac death increased 1.33 times (HR,
1.331; 95% CI, 1.009-1.755, P = 0.043) (Table 3). However,
we did not find significant differences in long-term mor-
tality (adjusted HR =1.203[0.941-1.537], P =0.140),
MACCE (adjusted HR=1.128[0.979-1.301], P=0.096,
Tables 4 and 5), MACE (adjusted HR=1.155[0.994—
1.341], P=0.059), recurrent myocardial infarction (ad-
justed HR =1.208[0.897-1.628, P =0.214), stroke (ad-
justed HR = 1.009[0.641-1590], P = 0.968), bleeding events
(adjusted HR = 1.068 [0.780-1.463], P = 0.681) or readmis-
sion (adjusted HR = 1.012[0.877-1.168], P = 0.867) among
two groups (Tables not shown).

Clinical outcomes Low RDW (n = 2894) High RDW (n =3152) P value
Primary end point
Long-term mortality, n (%) 113 (3.9%) 196 (6.2%) < 0.0001
Secondary endpoints
Stroke, n (%) 35 (1.2%) 47 (1.5%) 0.344
Readmission, n (%) 360 (12.4%) 459 (14.6%) 0.016
MACEs, n (%) 317 (11.0%) 468 (14.8%) < 0.0001
MACCEs, n (%) 351 (12.1%) 511 (16.2%) < 0.0001
Cardiac death, n (%) 88 (3.0%) 163 (5.2%) < 0.0001
Stroke, n (%) 35 (1.2%) 47 (1.5%) 0.344
Bleeding events, n (%) 76 (2.6%) 99 (3.1%) 0.233
Re-stent implantation 118 (4.1%) 143 (4.5%) 0.380
Recurrent MI, n (%) 79 (2.7%) 115 (3.6%) 0.043

MACCEs main adverse cardiovascular and cerebrovascular events, MACEs major adverse cardiac events, Recurrent Ml recurrent myocardial infarction
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Kaplan—Meier survival analysis suggested that patients
with high RDW exhibited increased accumulated risk of
cardiac death (Fig. 2).

Discussion

The present studies investigated the prognostic value of
RDW in CAD patients with PCI and found that RDW was
an independent poor prognosis factor at levels =213.1%.
High levels increased long-term cardiac death 1.33 times.
To reduce the risk of confounding, we adjusted for a com-
prehensive list of characteristics that influence the risk of
cardiovascular events to examine the association between
RDW and clinical outcomes. Uyarel et al. [22] retrospect-
ively enrolled 2506 consecutive acute myocardial infarction
patients undergoing primary PCI and found a significant
association between elevated admission RDW levels and
the adjusted risk of cardiovascular mortality (HR: 1.831,
95% CI: 1.034-3.24, P = 0.03) after a mean period of 1.8 £
1.3 years. Fatemi et al. [23] enrolled 1689 patients from four
centers who underwent PCI and found that RDW was an
independent correlate of 1-year mortality (HR 1.65, CI
1.22-2.23, P=0.001). Several studies also found a high
baseline RDW value in patients with specific baseline
characteristics, such as non-anemic at baseline, [24]
diabetic [25] or elderly CAD [26] undergoing primary
PCI was independently associated with an increased
risk for long-term all-cause mortality, and it a prog-
nosis risk factor for MACE in acute coronary syn-
drome patients [27, 28]. Our multifactorial Cox
regression analysis showed that increased RDW was an in-
dependent risk factor for poor prognosis during the
follow-up period, which was reported previously. We

Table 3 Cox regression analysis results for cardiac death
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Table 4 Cox regression analysis results for long-term mortality

Variables B SE X2 Pvalue HR (95%Cl)

Age 0024 0006 15765 <0001 1.024 (1.012-1.036)
Sex 0051 0150 0188 0731 0950 (0.708-1.274)
Smoking 0011 0153 0006 0940 2 (0.749-1.366)
Drinking 0046 0163 0081 0776  1.047 (0.761-1.441)
Diabetes 0172 0148 139 0246 3 (0.888-1.589)
Hypertension 0041 0126 0105 0746  1.042(0.813-1.335)
Statin —0.140 0222 22039 <0001 0353 (0.229-0.546)
Aspirin 2072 0199 108629 <0.001 6 (0.085-0.186)
Clopidgrel ~1.308 0271 23377 <0001 0.270 (0.159-0459)
SBP —0005 0003 2745 0098 0995 (0.989-1.001)
HR 0022 0005 21653 <0001 1.023(1.013-1.032)
BUN 0081 0034 5467 0019  1.084 (1.013-1.160)
Cr 0003 0003 0963 0326  1.003 (0.997-1.008)
FBG -0013 0021 0376 0540 0987 (0.947-1.029)
RDW high vs. low 0.185 0125 2179  0.140  1.203 (0.941-1537)

found that higher RDW was independently associated
with adverse outcomes. When RDW was higher than 13.1,
the incidence of cardiac death increased 1.33 times. Our
study has some advantages over previous studies. First,
the large sample size was a strength of our study, which
improved the statistical power. Second, all patients were
CAD after PCI and were followed up for up to 10 years.
This follow-up duration was longer compared to previous
studies.

Higher levels of RDW within the normal range may indi-
cate accelerated red blood cell destruction or, more com-
monly, ineffective erythropoiesis. The identification of a

Table 5 Cox regression analysis results for MACCEs

Variables B SE X Pvalue HR (95%Cl) Variables B SE X? Pvalue HR (95%Cl)

Age 0016 0007 5581 0018 1016 (1.003-1029)  Age 0000 0004 0000 0999  1.000 (0.993-1.007)
Sex 0050 0166 0091 0763 0951 (0686-1318)  Sex ~0.129 0094 1.901 0168 0879 (0.731-1.056)
Smoking —0.101 0173 0345 0557 0904 (0.644-1267)  Smoking —0.129 0090 2065 0151 0879 (0.737-1.048)
Drinking 0097 0182 0283 0595  1.102(0.771-1574)  Drinking -0081 0094 0735 0391 0922 (0.766-1.110)
Diabetes 0343 0163 4447 0035 1409 (1.024-1938)  Diabetes 0193 0086 5048 0025 2 (1.025-1434)
Hypertension —0040 0142 0078 0780 0961 (0.728-1269)  Hypertension 0231 0075 9564 0002 1260 (1.088-1459)
Statin —0911 0234 15125 <0001 0402 (0.254-0636)  Statin —0036 0081 0203 0652 0964 (0.823-1.130)
Aspirin —2022 0215 88559 <0001 0.132(0.087-0202)  Aspirin ~0502 0079 40160 <0001 0605 (0518-0.707)
Clopidgrel —1282 0292 19284 <0001 0278 (0.157-0492)  Clopidgrel 0360 0077 22005 <0001 1433 (1.233-1.665)
SBP —0006 0004 2560 0.110 0994 (0.987-1.001)  SBP —0001 0002 0440 0570 0999 (0.995-1.003)
HR 0026 0005 24149 <0001 1026(1016-1037) HR 0014 0003 21255 <0001 1014 (1.008-1.020)
BUN 0099 0038 6756 0009  1.104(1.025-1.189)  BUN 0050 0022 5406 0020 1052 (1.008-1.097)
Cr 0004 0003 1677 0195 1004 (0998-1010) Cr —0001 0002 0092 0762 0999 (0.996-1.003)
FBG —0038 0025 2284 0131 0963 (0916-1011)  FBG —-0005 0012 0191 0662 0995 (0.972-1.018)
RDW high vs. low 0286  0.141 4100 0043 1331 (1.009-1.755)  RDW high vs.low 0121 0073 2768 0096  1.128 (0.979-1.301)
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J

putative mechanism is hampered by the lack of epidemio-
logical studies demonstrating the factors that are associated
with anisocytosis [20]. The exact mechanism associated
with the prognosis of RDW and cardiovascular disease is
not clear. However, related literature reports that increased
RDW may be a comprehensive reflection of various mecha-
nisms in the pathophysiological process. A number of stud-
ies have shown that inflammatory factors, such C-reactive
protein (CRP), interleukin 6, fibrinogen level and white
blood cell count alter erythrocyte homeostasis and may
contribute to increased RDW levels by impairing iron
metabolism, inhibiting the production or response to
erythropoietin or by shortening red blood cell survival. Pro-
inflammatory cytokines suppress erythropoietin gene ex-
pression, inhibit the proliferation of erythroid progenitor
cells, down-regulate erythropoietin receptor expression,
and reduce erythrocyte life-span [29-32].

In addition to inflammation, oxidative stress may be an-
other important mechanism to explain the underlying

relationship. Oxidative damage is prone to reduce cell sur-
vival and have a disadvantage on the homogeneity of
erythrocytes. As the primary “oxidative sink”, erythrocytes
have tremendous antioxidant capacity, and the variation
in erythrocyte size is associated with oxidative stress, likely
via increased red blood cell turnover [33]. Bujak et al. [34]
clarified the prognostic role of RDW in CAD, and they in-
sist that the prognostic value of RDW primarily results
from the negative impact of inflammation oxidative stress
and iron and vitamin D3 deficiency on bone marrow
erythropoiesis. The concurrent red blood cell deformabil-
ity diminution may result in impaired flow through the
microcirculation. It is impossible to unambiguously ascer-
tain which concomitant factors, including lipid, glycemic
and iron metabolism disturbances, anemia, vitamin D5 de-
ficiency, oxidative stress, inflammation, and the dimin-
ution of erythrocyte membrane deformability, are the
primary causes of the poor prognoses observed in patients
with CAD.
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Limitations

Our study has some limitations that should be consid-
ered. First, this study failed to monitor and measure in-
flammation changes, neurohumoral markers, including
C-reactive protein, brain natriuretic peptide and other
pro-inflammatory cytokines, angiotensin II and norepin-
ephrine levels, and these indicators may better explain
the higher RDW values, which are increased in patients
with malignant mechanism, on the risk of cardiac events.
Second, the present study was a single retrospective co-
hort design. Therefore, our results must be further veri-
fied in a multicenter, prospective study to confirm the
association between RDW and adverse outcomes.

Conclusions

In conclusion, our findings are notable because RDW is
widely available to clinicians as part of the complete blood
count, incurs no additional costs, and may be a novel
marker of cardiovascular prognosis.
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