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Abstract
Introduction: Metabolic syndrome (MetS) increases the risk of cardiovascular diseases. The value of red blood cell width
(RDW) has been demonstrated in several studies in coronary artery disease. This study aims to investigate the significance of
RDW in MetS patients with coronary artery disease (CAD).
Methods: In this study, 120 of 89 patients undergoing coronary angiography were included. The whole group was divided
into two groups according to coronary stenosis as noncritical and critical CAD. The study group was also divided into MetS
and non-MetS. The cardiometabolic risk parameters were evaluated and RDW was calculated from complete blood count.
Results: MetS prevalence was not significantly different between critic (71%) and noncritical CAD (59.5%) groups. RDW was
significantly associated with MetS in the whole study population (p=0.037) and was significantly higher in the critic-CADMetS group (p=0.018).
Discussion and Conclusion: RDW is an inflammation marker that is associated with MetS patients in CAD. The higher value
of RDW is associated with critic-CAD. Future studies are needed to demonstrate the role of RDW on MetS to predict longterm cardiovascular events.
Keywords: Coronary artery disease; Metabolic syndrome; red blood cell distribution width; inflammation.

C

oronary artery disease (CAD) is a major cause of mortality and morbidity in developing countries. The
rapidly increasing prevalence of metabolic syndrome and
type 2 diabetes mellitus plays a fundamental role in this
situation[1].

The metabolic syndrome (MetS) first suggested by Reaven
in 1988[2] is a cluster of risk factors that increase the risk of
cardiovascular diseases, hypertension, tip 2 diabetes mellitus, rheumatoid diseases, cancer, sleep apnea, nonalcoholic fatty liver, polycystic ovary disease and so on[3].
Insulin resistance accompanying high insulin levels is the
major underlying pathology that initiates the inflammation,

vascular endothelium dysfunction and oxidative stress, all
of which promote the development of atherosclerosis.
Red blood cell width (RDW) is defined as the quotient of
the standard deviation of red blood cell volume and its
mean volume and is expressed as the formula; RDW= (standard deviation of red blood cell volume/mean cell volume)
×100. A great variation in red blood cell volume (anisocytosis) causes higher RDW values[4].
Recent studies demonstrate that RDW is a new marker of
inflammation, such as CRP, IL-1 and IL-6, and is associated
with poor prognosis in coronary artery disease and myocardial infarction[5–7]. However, it has not yet been deter-
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mined whether RDW is only a marker of various disorders
or is the cause of poor prognosis in patients with CAD.
The data on the relationship of RDW values with metabolic
syndrome in CAD patients are unsatisfactory. However, the
etiopathogenesis has not been completely clarified. It is
mostly explained with underlying chronic inflammation
and oxidative stress process[8, 9]. Insulin resistance and
high insulin levels may be responsible for high RDW by the
influence of oxidative stress on red blood cells for shortening the life span[10].
This study aims to demonstrate the relationship between
cardiometabolic risk factors and RDW among patients with
CAD suffering MetS.

Materials and Methods
Study Population
Our sample was derived from the 120 patients who were
screened in our tertiary center from January to June and
who had undergone elective coronary angiography with
positive noninvasive test results. Eighty-nine patients (age
56±9.4; mean±SD) were included in this study prospectively after the exclusion of the others. Inclusion criteria
were age greater than 18 years old, a coronary angiogram
clear enough to enable evaluation of cause of the positive
stress test, patient's consent. Exclusion criteria were hematological disorders, anemia, malignancies, chemotherapy
treatment and evidence of concomitant inflammatory disease, acute infection, chronic inflammatory conditions, and
history of corticosteroid therapy in the preceding three
months, cardiomyopathy, congenital heart disease. We
conducted this study in accordance with the recommendations of the Helsinki Biomedical Research Declaration,
involving human subjects. Our institutional ethical committee has approved this study, and we obtained informed
consent from all patients.

The venous blood sample was taken at admission before
procedure after 12 hours of fasting for laboratory tests of
complete blood count with the use of a Cell-Dyn® 3700
(Abbott Laboratories; Abbott Park, Ill) and Clinical System
(Beckman Coulter) for biochemistry and lipid values.
The patients suffering from MetS was determined according to the definition of the International Diabetes Federation (IDF) 2005 as follows:
Central obesity defined as waist circumference ≥94 cm
(males) or ≥80 cm (females) plus any two of the following
four factors:
1. Raised triglycerides ≥150 mg/dl or treatment for this
lipid abnormality
2. Reduced HDL level <40 mg/dL (1.03 mmol/L) in males,
<50 mg/dL (1.29 mmol/L) in females or specific treatment for this lipid abnormality.
3. Raised blood pressure (systolic BP ≥130 or diastolic BP
≥85 mm Hg) or treatment of previously diagnosed hypertension
4. Raised fasting plasma glucose (FPG) ≥100 mg/dL (5.6
mmol/L) or previously diagnosed type 2 diabetes

Statistical Study
Continuous data were expressed as mean±standard deviation or median (inter-quartile range), and study groups
were analyzed using Mann-Whitney-U tests for not normally distributed. Categorical variables were expressed as
percentages and analyzed using chi-square test, Fisher’s
exact test, or Mantel Hansel test. Differences between
groups were considered significant at p<0.05 two-sided.
We investigated the effects of different variables on MetS
and critical CAD by calculating odds ratios (ORs) in the linear regression model for continuous variables and logistic
regression model for categorical variables. Statistical analyses were performed using SPSS 21.0 Statistical Package
Program for Windows (SPSS Inc., Chicago, Illinois, USA).

Study Procedure

Results

All the patients were examined, and baseline characteristics, including medical history, anthropometric measurements, risk factors for atherosclerosis and medications,
were recorded. The population was divided into two coronary groups according to coronary lesions on coronary
angiograms. The first noncritical CAD group had coronary
arteries with the diameter stenosis of <50% in one of the
main epicardial artery, branch artery, or left main coronary
artery. The second critical CAD group had ≥50% diameter
stenosis in coronary arteries.

There were 21 (23.3%) female and 68 (75.6%) male in
this study. The patients were divided into two groups
by coronary angiographies as critical CAD and non-critical CAD. The whole population was also classified by the
presence of the three criteria of MetS; like non MetS and
MetS group. Subgroups were formed in critical CAD according to MetS presence. Critical CAD patients (59±8.8)
were older than the patients (53±9.4) in noncritical CAD
(p=0.007). Male dominance was observed 84.6% in critical
CAD against 64.9% in noncritical CAD. Hemoglobin, RDW,
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Table 1. Baseline characteristics according to CAD groups
Values
		

Critical CAD Non-critical CAD
(n=52)
(n=37)

Age (years)
58.8±88
Male Sex, %
64.9
28.9±3.8
BMI (kg/m2)
Waist circumference (cm) 102±10.4
Hemoglobin (mg/dl)
14±1.8
RDW
13.9±1.6
230±64.9
Platelets (×109/µL)
MPV (fL)
8.7±0.8
Triglycerides (mg/dL)
138±64.1
LDL-C (mg/dL)
104±38
HDL-C (mg/dL)
39±9.3
CRP
0.2±0.73
BNP
52.64±69.28
fasting glucose (mg/dL) 107.5±45.2
HBA1C
6.1±1.15
MetS presence, %
71.2
Hypertension, %
65.4
Diabetes mellitus, %
55.8
Smoking, %
21.2

54.4±9.4
84.6
30.4±4.5
107±12.5
13.8±1.6
13.4±1.8
309.5±47.4
9.1±1.1
140±82.9
101±34.3
44±9.1
0.3±0.4
18.04±80.03
98±40.5
6±0.53
59.5
59.5
35.1
18.9

p
0.007
0.031
0.032
0.339
0.62
0.108
0.242
NA
0.471
0.632
0.033
0.632
0.0003
0.072
0.062
0.25
0.568
0.055
0.796

Results are presented as mean±SD {median (inter-quartile range)} or
number (percent).

22
p=0.037
20
18
RDW (%)

mean platelet volume (MPV), C-reactive protein (CRP),
triglycerides, fasting plasma glucose, low-density lipoprotein cholesterol (LDL-C) serum levels and waist circumference were not significantly different between groups.
Body mass index (BMI) was significantly higher in critical
CAD (p=0.032). Brain natriuretic peptide (BNP) level was
significantly higher in critical CAD. High-density lipoprotein-C (HDL) level was prominently lower in the critical
CAD group (p=0.033) (Table 1). In subgroup analysis, the
patients with critical-CAD and MetS had significantly
higher RDW values than the critic-CAD with non-MetS
(p=0.018). MetS was observed 66% among the total study
population. MetS prevalence was not significantly different between critic (71%) and noncritical CAD (59.5%).
The patients with MetS were significantly older than the
patients with non-MetS (p=0.011). There was no difference in sex between groups. Hemoglobin levels were significantly lower (p=0.012) (Table 2), and RDW levels were
significantly higher (p=0.037) in the MetS group (Fig. 1).
Logistic regression analysis was performed to determine
the predictors of metabolic syndrome. Univariance analysis revealed RDW as a predictor of MetS along with BMI,
triglycerides, diabetes mellitus, hypertension and HDL-C
levels. In multi-variance analysis, RDW was not an independent predictive factor of MetS (Table 3).

16
14
12
10
MS

non MS

Figure 1. The graphic of the RDW value distribution amongst the
MetS and non-MetS groups.

Discussion
Metabolic syndrome is a rapidly rising public health problem in the whole world. Industrialization and inappropriate
nutrition habits are responsible for that increasing cluster
of diseases. Thus, atherosclerosis starts in the early years
of childhood. Global nutritional interventions are required
to prevent metabolic syndrome. It is supposed that prothrombotic and pro-inflammatory processes, oxidative
stress and endothelium dysfunction and adipose tissue
dysfunction are underlying pathophysiological factors in
MetS that initiate several diseases[11–13].
Table 2. Baseline characteristics according to MetS presence
Values
		

MetS group Non-MetS group
(n=59)
(n=30)

Age (years)
58.8±8.8
Sex
43 (M), 16 (F)
30.4±3.8
BMI (kg/m2)
Waist circumference (cm) 108±10.2
Hemoglobin (mg/dl)
13.6±1.8
RDW (%)
13.9±1.99
230±65.3
Platelets (×109/µL)
MPV (fL)
8.9±1.0
Triglycerides (mg/dL)
161±74.6
LDL-C (mg/dL)
100±36.3
HDL-C (mg/dL)
38±8.5
CRP (mg/dl)
0.4±0.65
BNP (ng/L)
40.6±85.93
Fasting glucose (mg/dl)
112±43.9
Hemoglobin A1c %
6.2±1.01
Hypertension, %
81
Diabetes Mellitus, %
62
Smoking, %
22

p

54.4±9.4
0.011
25(M), 5(F)
0.272
27.8±4.4
0.002
98±10
0.00001
14.6±1.2
0.012
13.4±0.9
0.037
297±62.5
0.327
8.9±1.0
0.829
106.5±33.1 <0.00001
111.5±35.1
0.066
46.5±9.6
0.0005
0.1±0.58
0.049
28.2±28.76
0.126
95±41
0.00004
5.9±0.79
0.001
26.7
<0.0001
16.7
<0.0001
16.7
0.55
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Table 3. Logistic regression analysis of variables on the prediction
of the presence of MetS
Values
		
		

Univariance
p
Odds Ratio		
(95% CI)		

Multi-Variance
Odds Ratio
(95% CI)

p

MPV(fL)
		
RDW
		
BMI (kg/m2)
		
Syntax score
		
LDL-C (mg/dL)
		
HDL-C (mg/dL)
		
Triglycerides (mg/dL)
		
Diabetes Mellitus
		
Hypertension
		
Critical CAD presence
		

1.04
0.857
(0.67/1.63)
1.47
0.042
1.30
0.399
(1.01/2.13)		 (0.71/2.40)
1.17
0.012
1.08
0.568
(1.04/1.33)		 (0.84/1.39)
1.04
0.215
(0.98/1.09)		
0.99
0.79
(0.98/1.001)
0.92
0.003
0.79
0.027
(0.87/0.97)		 (0.64/0.97)
1.03
<0.001
1.06
0.003
(1.01/1.04)		 (1.02/1.09)
8.41
<0.001
23.13
0.014
(2.81/25.15)		 (1.90/281.84)
12.0
<0.001
274.73
(4.24/33.99)		 (8.60/8777.37) 0.001
1.68
0.252
(0.69/4.09)

In recent years, in addition to known inflammation markers, so many studies have been conducted to clarify the significance of RDW in the assessment of patients with CAD.
Osadnik et al. demonstrated that RDW was an independent
risk factor for long-term mortality in stable coronary artery
disease undergoing percutaneous coronary intervention
(PCI)[7]. In addition, RDW was related to the severity of CAD
as regarding SYNTAX (SYNergy between PCI with TAXUS
and Cardiac Surgery)[14] and Gensin[15] score in different
studies. Tonelli et al. determined that RDW was a risk factor for myocardial infarction (MI), stroke, and symptomatic
heart failure (HF) in patients with CAD[5]. High RDW levels
are also related to poor prognosis after MI in-hospital and
long-term follow-up[6, 16].
Tromsø and National Health and Nutrition Examination
Survey show that high RDW levels increase the risk of MI
and mortality due to CAD in the population[17].
The underlying mechanism of the relationship between poor
prognosis of CAD and high RDW remains unclear. Factors impairing bone marrow hematopoietic function, iron metabolism, chronic inflammation[18,19], vit D3 deficiency[20], oxidative stress[10] are possible causes of high RDW.
Tziakas et al.[21] demonstrated that the cholesterol content of erythrocyte membrane (CEM) was associated with

RDW values and higher in patients with the acute coronary
syndrome. Recent trials have demonstrated that when the
erythrocytes gather in the necrotic core of the plaque, high
CEM levels may cause vulnerable plaque, which points
that red blood cells may actively encourage both plaque
process and plaque instability[22, 23].
RDW was also significantly correlated with HbA1c in a
study[24] and with recent data from non-diabetic participants in the National Health and Nutrition Examination
Survey (NHANES) study[25]. RBC survival rates are higher in
subjects with high RDW, which causes a higher HbA1c level
because of the elevated duration of glucose exposure[24].
This may explain the positive relation between HbA1c and
RDW levels.
Although there are so many trials on RDW, researches on
the relationship of RDW and metabolic syndrome and underlying possible causes are missing.
In our study, we observed that metabolic syndrome prevalence is so high in both critical (71.2%) and noncritical CAD
(59.5%) groups. Hypertension prevalence was 62.9%; diabetes mellitus was 47.2% in the study group.
Although we excluded patients with anemia in this study,
hemoglobin levels were significantly lower in MetS patients (13.6±1.8) than the non-MetS patients (14.6±1.2).
The reason for this relationship may be due to the iron
metabolism impairment, or oxidative stress on erythrocyte membrane resulting in short lifespan and deformed
erythrocytes[10]. The patients with MetS had significantly
higher RDW values. In the subgroup analysis of critic-CAD,
there was a significant difference in RDW values amongst
MetS and non-MetS. The presence of MetS increases the
RDW in critical CAD patients. RDW was a cofactor in the
prediction of MetS patients in univariance regression analysis. The long-term predictive value of RDW in critical-CAD
with MetS should be the aim of another research.
The recent trials on metabolic syndrome and RDW are as
follows In the study of Farah et al., RDW was related to
metabolic syndrome and patients meeting five criteria had
higher RDW value than those meeting three criteria[26].
In a large cohort study, 3529 patients undergoing coronary
angiography were followed up to evaluate the relationship
between RDW and MetS. In multivariate analysis, RDW values above 14% were independently associated with MetS
and long-term all-cause mortality[27].
Another study demonstrated high RDW values in overweight adolescents against to normal-weight adolescents.
This study also revealed that in the mice model, nutritional
changes increased RDW, whereas overweight per se did
not change RDW[28].
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Beyond the well-known major cardiometabolic risk factors,
there is a need to identify new markers of MetS accompanying coronary artery disease. The markers may reflect underlying pathophysiology, predict future events, and can be
used to assess the response to treatment. RDW and the other
easily measured hematologic parameters may be new markers of metabolic syndrome as in coronary artery disease.
Whether they play a role in pathophysiology or affected by
the other factors should be searched in detailed trials.

Study Limitations
The limitation of our study is the small sample size. We
excluded anemia and hematological diseases that may influence RDW levels, but we did not analyze the causes of
elevated RDW values, such as iron, folic acid, or vitamin B12
deficiency.

Conclusion
Metabolic syndrome is an important cardiometabolic risk
factor. It is crucial to identify the high-risk patients of CAD
with MetS. RDW is a simple, easily detectable inflammatory marker that is widely predictive of poor prognosis in
CAD patients. Our study shows that RDW is associated with
MetS in CAD. The predictive value of the RDW on long-term
prognosis of CAD accompanied CAD should be further
confirmed in multi-center, prospectively designed studies.
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