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ORIGINAL ARTICLE

Coronary artery disease detected by coronary computed
tomography angiography is associated with red cell
distribution width

Bilgisayarli tomografi koroner anjiyografisi ile saptanan koroner arter hastaligi
kirmizi hiicre dagihm genigligi ile iliskilidir
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ABSTRACT

Objective: Increased red blood cell distribution width (RDW)
is associated with severity of coronary artery disease (CAD).
The aim of the present study was to retrospectively evaluate
the relationship between CAD detected by coronary comput-
ed tomography angiography (CCTA) and RDW.

Methods: Records of 291 patients who underwent 16-slice
CCTA due to the presence of angina-like chest pain were ret-
rospectively evaluated. Exclusion criteria were applied. Clini-
cal characteristics, risk factors for CAD, and RDW values on
CCTA were noted.

Results: RDW levels in patients with CAD were significantly
higher than in those with normal coronary arteries (NCAs)
(15.50+1.57 compared to 14.80+1.41, p=0.001). Diabetes
mellitus, hypertension, and history of smoking were signifi-
cantly more common in the CAD group (p=0.018, p=0.007,
and p=0.013, respectively). On multivariate logistic regression
analysis, RDW (p=0.009 [odds ratio (OR): 1.352; 95% confi-
dence interval (Cl): 1.081-1.683]), age (p<0.001 [OR: 1.0683;
95% CI1 1.031-1.090]), and history of smoking (p=0.003 [OR:
2.672; 95% CI: 1.360-5.232]) were shown to be independent
predictors for CAD detected by CCTA.

Conclusion: The present results suggest that higher RDW
levels are independently associated with presence of CAD
detected by CCTA in patients without known CAD. Further
studies are warranted to clarify the exact role of RDW in risk
stratification.

OZET

Amac: Kirmizi hucre dagilim genisligi (RDW) artisi koroner
arter hastaligi (KAH) ciddiyeti ile iligkilidir. Bu ¢alismanin ama-
ci bilgisayarli tomografi koroner anjiyografisi (CCTA) kullani-
larak saptanan KAH ile RDW arasindaki iligkiyi geriye donuk
olarak degerlendirmektir.

Yéntemler: Anjina veya benzeri gogus agrisi nedeniyle 16
kesitli CCTA uygulanan 291 hastanin tibbi kayitlari geriye
donuk olarak incelendi. Diglama kriterleri olmayan hastalar
degerlendirmeye alindi. Hastalarin klinik dzellikleri, risk fak-
torleri, CCTA yapildigi zamanki RDW degerleri incelendi.
Bulgular: Koroner arter hastalarinda RDW seviyeleri, koroner
arterleri normal olan gruba gore belirgin olarak daha yuksek
saptandi (15.50+1.57’ye 14.80+1.41, p=0.001). Diyabet, hi-
pertansiyon ve sigara dykusu koroner arter hastaligi saptanan
grupta daha yuksekti (sirasiyla, p=0.018; p=0.007; p=0.013).
Yapilan ¢ok degiskenli lojistik regresyon analizinde, RDW
(OO [odds orani]=1.35, %95 GA (guven araligi): 1.08-1.68,
p= 0.009), yas (O0=1.06, %95 GA: 1.03-1.09, p<0.001) ve
sigara oykusunun (00=2.66, %95 GA: 1.36-5.23, p=0.003)
CCTA ile saptanan KAH icin bagimsiz dngorduruculer oldugu
saptandi.

Sonuc: Bulgularimiz yuksek RDW seviyelerinin, bilinen ko-
roner arter hastaligi olmayan hastalarda CCTA ile saptanan
KAH ile iligkili oldugunu gostermektedir. Riski katmanlandir-
mada RDW dagiliminin rolun tam olarak agikliga kavustur-
mak icin ileri calismalara gerek vardir.
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entiate the dlagnOSIS RDW  Red blood cell distribution width
of anemia.!"! Elevated

levels are associated with coronary artery disease
(CAD), both in the stable and unstable form of the
disease."*! Tonelli M. et al. examined the association
of RDW and the risk of all-cause mortality in a popu-
lation of patients with coronary disease, and found a
graded independent correlation between higher levels
of RDW and risk of cardiovascular events.!!! Another
study performed among patients with acute coronary
syndromes in Portugal showed an independent as-
sociation between higher RDW values and adverse
outcomes.” A significant correlation between RDW
levels and both presence and severity of CAD detect-
ed by conventional coronary angiography has been
demonstrated in a large Chinese cohort.! However,
no data is available regarding the association between
CAD detected on coronary computed tomography an-
giography (CCTA) and RDW.

Hemoglobin
Low-density lipoprotein

The present aim was to evaluate the potential cor-
relation of RDW and the presence of CAD (detected
by CCTA) among our patients.

METHODS

Study population included 291 patients who under-
went clinically indicated CCTA due to presence of an-
gina-like chest pain between January 2012 and Feb-
ruary 2014. Records were retrospectively evaluated.
Patients with known CAD (n=58), known hematolog-
ical disease (n=11), history of heart failure (n=5), re-
nal dysfunction (serum creatinine levels =1.5 mg/dL)
(n=2), hepatic insufficiency (n=1), ongoing infection
(n=1), concomitant cancer (n=0), or systemic inflam-
matory conditions (n=0) were excluded.

Remaining patients were divided into 2 groups
based on the results of CCTA: those with CAD and
those with normal coronary arteries (NCAs). CAD was
defined as any degree of stenosis in any coronary artery.

Baseline characteristics of all patients, including
age, sex, diabetes mellitus, hypertension, dyslipid-

emia, smoking history, left ventricular wall motion
abnormality, and laboratory parameters upon CCTA
(including creatinine, low-density lipoprotein [LDL],
hemoglobin [Hb], and RDW) were noted, as was use
of any medication.

RDW determination

Blood samples were obtained after a 12-hour over-
night fast. RDW levels were measured by an auto-
mated hematology analyzer (Cell-Dyn 3700 system;
Abbott Diagnostics, Inc., Santa Clara, CA, USA).

CCTA procedure

Scans were performed using 16-slice multidetector
computed tomography scanner (Somatom Sensation
16; Siemens AG, Munich, Germany). Patients with
initial heart rates of =70 beats/min were administered
medication to lower this rate (beta-blockers, nondi-
hydropyridine calcium channel blockers, etc.) accord-
ing to medical features. Sublingual nitroglycerine (0.4
mg) was administered to dilate the coronary arteries
1 minute prior to contrast injection. Scans were ob-
tained after injection of 90—120 mL non-ionic contrast
agent (ioversol injection; Optiray Pharmacy Bulk
Package; Liebel-Flarsheim Company, LLC., Raleigh,
NC, USA) at a flow rate of 5 mL/s. All images were
interpreted immediately after scanning by an experi-
enced radiologist, in accordance with the Society of
Cardiovascular Computed Tomography guidelines on
coronary CTA interpretation.”!

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (version 15.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as mean+SD.
Categorical variables were expressed as percent-
ages.

All continuous variables were checked with Kol-
mogorov—Smirnov normalcy test to demonstrate dis-
tribution. Continuous variables with normal distribu-
tion were compared using unpaired Student’s t-test.
Continuous variables with abnormal distribution,
such as Hb and LDL, were compared using Mann—
Whitney U test. Chi-square test was used to compare
categorical variables. To determine the independent
predictors of presence of coronary atherosclerosis,
multiple logistic regression analysis was performed
by including univariate parameters with a p value of
less than 0.1 between groups. A p value of less than
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0.05 was considered statistically significant. The pres-
ent study was approved by the local institutional re-
view board (project no: KA14/275).

RESULTS

Study population included 213 patients who under-
went CCTA and did not meet exclusion criteria. Mean
age was 54.8+12.5 years and 47.4% of patients were
female. The population was divided into 2 groups
based upon CCTA results. CAD was detected in 97
(45.5%) of the 213 patients, and NCAs were found in
116 (54.5%).

Table 1. Patient characteristics and laboratory findings

Clinical characteristics, medications, and labora-
tory parameters are shown in Table 1. Diabetes mel-
litus, hypertension, history of smoking, and hyperlip-
idemia were significantly more common in the CAD
group (p=0.018, p=0.007, p=0.013, and p=0.047, re-
spectively). Gender distribution, creatinine, LDL, and
Hb levels were similar between groups. Left ventricu-
lar wall motion abnormality was not observed. Mean
RDW level was 15.50+1.57% in the CAD group, and
14.80+1.41% in the NCA group. RDW levels in pa-
tients with CAD were significantly higher, compared to
the NCA group (15.50+1.57, compared to 14.80+1.41,
p<0.001). Among medications patients were already

Variables CAD group (n=97) NCA group (n=116) p
Age (years) 58.6+11.79 50.5+11.98 <0.001
Male, n (%) 51 (52.5) 61 (52.6) 0.999
Smoking history, n (%) 8 (39.1) 27 (23.2) 0.012
Diabetes mellitus, n (%) 8 (18.5) 9 (7.8) 0.018
Hypertension, n (%) 4 (55.6) 43 (37.1) 0.007
Hyperlipidemia, n (%) 2 (43.2) 35 (30) 0.047
Medication
Acetylsalicylic acid, n (%) 35 (36.1) 15 (12.9) <0.001
ACE inhibitors/ARBs, n (%) 45 (46.4) 30 (25.9) 0.002
O-blockers, n (%) 25 (25.8) 29 (25.0) 0.897
Statins, n (%) 23 (23.7) 3(11.2) 0.015
Laboratory parameters
Median Hb (g/dL) (minimum—maximum) 13.8 (12.7-18.2) 13.6 (12.9-16.7) 0.467
Red blood cell distribution width (%) 15.5+1.57 14.8+1.41 <0.001
Median LDL (mg/dL) (minimum—maximum) 140.5 (50-225) 134 (43-255) 0.726
Creatinine (mg/dL) 0.9+0.40 0.8+0.15 0.270

ACE: Angiotensin-converting-enzyme; ARB: Angiotensin-receptor blocker; CAD: Coronary artery disease; EF: Ejection fraction; Hb: Hemoglobin; LDL: Low-

density lipoprotein; NCA: Normal coronary artery.

Table 2. Predictors of CAD detected by CCTA in multivariate logistic regression analysis

Variable Odds ratio 95% Confidence interval p

Age 1.063 1.031-1.090 <0.001
Smoking history 2.672 1.360-5.232 0.003
Diabetes mellitus 1.741 0.682—4.451 0.533
Hypertension 1.264 0.653-2.431 0.944
Hyperlipidemia 1.450 0.772-2.721 0.943
Red blood cell distribution width 1.352 1.081-1.683 0.009

CAD: Coronary artery disease; CCTA: Coronary computed tomography angiography.
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using, acetylsalicylic acid, angiotensin-converting-
enzyme inhibitors/angiotensin-receptor blockers, and
statin were significantly more common in the CAD
group (p<0.001, p=0.009, and p=0.032, respectively).
It was determined that age (p<0.001 [odds ratio (OR):
1.063; 95% confidence interval (CI): 1.031-1.090]),
smoking history (p=0.003 [OR: 2.672; 95% CIL:
1.360-5.232]), and RDW levels were independently
associated with the presence of CAD (p=0.009 [OR:
1.352;95% CI: 1.081-1.683]) (Table 2).

DISCUSSION

In this present study, an independent correlation be-
tween RDW, age, smoking history, and presence of
CAD on CCTA was demonstrated in patients without
previous diagnosis of CAD.

As expected, diabetes mellitus, hypertension, hy-
perlipidemia, and smoking history were also signifi-
cantly more common in the CAD group, as had been
observed in previous studies.*! However, interest-
ingly, only age, history of smoking, and RDW levels
were presently found to be independently correlated
with the presence of CAD. Unexpectedly, LDL lev-
els were similar between groups (137.51+37.68 com-
pared to 139.23+51.52 mg/dL, p=0.798), which may
be explained by the higher rate of statin use in the
CAD group (23.7% compared to 11.2%, p=0.032).
Exact effects of medication on RDW could not be
evaluated using the present results. Reported effects
of statins on RDW differ. Zalawadiya et al.”! reported
a negative association between statin use and RDW. A
more recent study that investigated the effects of ator-
vastatin on hematologic parameters in patients with
hypercholesterolemia found no significant change af-
ter atorvastatin treatment.””’ Effects of medications on
RDW cannot presently be discussed, as pre-treatment
RDW levels, and duration and dosage of medication
were not available.

Many studies have shown that RDW is closely
related to prognosis and long-term adverse events of
cardiovascular diseases. Felker et al. described an in-
dependent prognostic value of RDW in heart failure
patients.®! Another study reported a significant asso-
ciation between RDW levels and all-cause mortality
in cases of stable CAD.!! An independent correlation
was also demonstrated between RDW level, fatality,
and recurrent myocardial infarction within 6 months

in patients with acute coronary syndrome.? Recent
studies have suggested a positive correlation between
all-cause mortality and incidence of adverse events in
unselected outpatients 1%

Presently investigated was the relationship be-
tween RDW and presence of CAD on CCTA. Sig-
nificantly higher RDW levels were found in the CAD
group, compared to the NCA group. Furthermore,
RDW was found to be an independent predictor for
presence of CAD on CCTA. The present findings are
compatible with those of a previous study, in which
the relationship of RDW levels and severity of CAD
on conventional coronary angiography was investi-
gated.¥ We believe that the present findings may be
more significant. While conventional coronary angi-
ography is only lumenography, CCTA is more helpful
in the detection of lesions that do not cause luminal
narrowing.

The exact mechanism of the correlation between
RDW and CAD remains unclear, and several hypoth-
eses have been proposed. A probable primary mecha-
nism is inflammation.”~'* Atherosclerosis is described
as an inflammatory disease, and inflammatory mark-
ers such as C-reactive protein and interleukin-6 are
closely related to the presence and severity of CAD.
(LI31 A strong association between RDW and inflam-
matory markers was demonstrated in a large cohort of
unselected adult outpatients, and also in patients with
inflammatory bowel disease.” In addition, inflam-
matory cytokines inhibit the maturation of red blood
cells, and immature erythrocytes enter circulation,
causing an increase in heterogeneity and resulting in
elevated RDW.I'¥

Study limitations

Several limitations were present. This was a single-
center retrospective study, and prospective multi-
center studies are needed to clarify the exact role of
RDW in CAD. No data regarding plaque morphology
(calcification, lipid core width, etc.) or coronary cal-
cium score were included. In addition, normal CCTA
cannot rule out other coronary syndromes such as mi-
crovascular angina, coronary syndrome X, etc. While
no patient had hematological disease, and none were
anaemic, other factors that may effect RDW (iron, vi-
tamin B12, folate, etc.) were not measured. Finally,
due to ethnicity, the present results cannot be general-
ized to all populations.
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In conclusion, higher RDW levels were indepen-
dently associated with presence of CAD detected by
CCTA in patients without known CAD. Further stud-
ies are needed to clarify the exact role of RDW in risk
stratification.
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