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Abstract 

Coronary heart disease (CHD) is one of the most common causes of death in the world. CHD is caused by the narrowing of the 
arteries of the heart due to a buildup of fat on the vessel walls (atherosclerosis), therefore inhibiting blood flow to organs. Red 
blood cell distribution width (RDW) represents the variability of red blood cell size and has been shown to correlate with the 
incidence of atherosclerosis. RDW is also often used to identify diseases associated with heart failure. The aim of this study was 
to assess the relationship between the level of RDW and the severity in CHD patients. A cross-sectional study was carried out on 
62 patients from July to December 2020 at Dr. Zainoel Abidin Hospital, Banda Aceh. RDW level was obtained from the patient's 
medical record and divided into two categories (group 1 < 13.0295 and group 2 >13.029%). Severity of CHD patients was 
calculated using the SYNTAX I score and divided into three categories (low, moderate, and high). The correlation between the 
baseline characteristics, laboratory results, RDW level, and severity of CHD was assessed statistically at a 95% confidence level. 
The majority of patients with CHD were men aged 56-65 years and had BMI obesity I and hypertension. Patient baseline 
characteristics (gender, age, body mass index, history of hypertension and diabetes) and laboratory results did not have a 
significant relationship with the RDW level and the severity of CHD (p>0.05). The correlation value between RDW level and 
severity of CHD is p=0.435 which indicated no significant relationship between them. 
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1. Introduction 

Coronary heart disease (CHD) is the leading cause of death in the world and increased since 1970, with a 
mortality rate of one in five for men and one in six for women. CHD is one of the leading causes of death from 
cardiovascular disease in the United States (45.1%), followed by stroke (16.5%), heart failure (8.5%), hypertension, 
high blood pressure (9.1%), arterial disease (3.2%), and other cardiovascular diseases [1]. In Indonesia, according to 
the Basic Health Research (RISKESDAS), CHD is the third leading cause of death after stroke and hypertension [2]. 

CHD occurs when the arteries narrow and harden due to the accumulation of fat/plaque on the walls of blood 
vessels (atherosclerosis) [3]. Atherosclerosis causes disturbances in the blood circulation system to organs or tissues 
and causes endothelial cell damage [4]. CHD risk factors are determined by modifiable factors such as smoking, 
physical activity, diet, dyslipidemia, obesity, hypertension and diabetes mellitus and non-modifiable factors as age 
and heredity [1]. The red blood cell distribution width (RDW) represents the variability of red blood cell size and is 
routinely evaluated as part of an automated full blood count [5]. The role of RDW has been widely recognized in 
screening for iron deficiency anemia, but currently RDW is known to be able to predict mortality in other clinical 
conditions such as coronary artery disease, heart failure, acute pancreatitis, infective endocarditis and peritoneal 
dialysis [6]. 
Several studies reported that RDW level are significantly associated with stable heart disease and used as an 
identification of further risks in patient [3, 7, 8]. Sensitive biomarker is important to diagnosis or prognose the 
diseases [9-16]. High RDW level can increase the atherosclerosis incidence which is the main cause of CHD [17]. 
However, the relationship between RDW level and CHD is still very limited. The aim of the present study was to 
prospectively investigate the potential correlation of RDW level and severity of CHD in Indonesia populations. 

 
2. Methods 

A cross-sectional study was conducted among CHD patients at Dr Zainoel Abidin Hospital, Banda Aceh, from 
January to November 2018. The patients aged over or equal to 18 years and diagnosed with CHD based on 
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angiography and electrocardiography (ECG) results were included in the study. On the other hand, the patients 
diagnosed with anemia, chronic kidney failure, autoimmune, congestive heart failure, and three months of blood 
transfusion record were excluded. This study has ethical approval from the Institutional Review Board of the Faculty 
of Medicine, Universitas Syiah Kuala/Dr Zainoel Abidin Hospital Banda Aceh (02/EA/FK- RSUDZA/2019). 

There were two variables used in this study: independent (severity of CHD) and dependent (Red blood cell 
width (RDW). CHD patients were sampled using the consecutive sampling method. Baseline characteristic such as 
gender, age, body mass index (BMI), hypertension, and diabetes record was collected and assessed. RDW level was 
measured using a hematology analyzer with a mean level of RDW divided into two groups (1. <13.0295 and 2. 
>13.029%). The degree of severity in CHD patients was measured using Synergy between percutaneous coronary 
intervention with taxus and cardiac surgery I (SYNTAX I) score and categorized into: low (SYNTAX I score: <22), 
moderate (SYNTAX I score: 23-32) and high (SYNTAX I score: > 32)[18]. 

Data analysis was performed using SPSS software. Relationship between age, gender and BMI with RDW level 
and severity of CHD was assessed using fisher exact test and the relationship between hypertension and diabetes 
with RDW level and severity of CHD was assessed using chi-square test. Relationship between laboratory test result 
and RDW level was assessed using independent sample t test (normal distribution data) and Mann-Whitney test 
(abnormal distribution data). Relationship between laboratory test result and severity of CHD was assessed using 
ANOVA test (normal distribution data) and Kruskal-Wallis H test (abnormal distribution data). RDW level and 
severity of CHD correlation was assessed using Spearman rank correlation test with a 95% confidence level. 

 
3. Results 

In table 1, the distribution of patients in RDW group 2 (55.6%) was more than RDW group 1 (44.4%) for male 
patients, while more female patients were in RDW group 1 (62.5%). More than half of CHD patients aged >55 
years, 52.5% of them had RDW group 1. In the BMI variable, patients were generally categorized as obese 1 with 
RDW group 1 (52.1%), and only one patient had a low BMI and was included in RDW group 2. CHD patients had 
more history of hypertension, and 47.6% of them were in RDW group 1, and the others (52.4%) belonged to group 
2. more CHD patients did not have a history of diabetes with RDW group 2. In addition, only 13 patients had a 
history of diabetes, and 8 had an RDW group 2. Based on the Fisher and Chi-square test, the baseline characteristics 
of the patients did not have a significant relationship with the RDW category (p > 0.05). Most of the CHD patients 
in the study had a low severity, and only patients with category II obesity were more dominant with moderate and 
high severity. Based on Fisher's exact test and chi-square test, baseline characteristics also did not significantly 
correlate with the severity of CHD (p>0.05). 

 
Table 1. Relationship between baseline characteristic, RDW value, and SYNTAX I score 

 

  RDW n (%)    SYNTAX I score n (%)  
Variable Group 1 

(<13.029) 
Group 2 

(>13.029) 
P-value 

Low Moderate High 
P-value 

 

Gender n 
Male 

 
24 (44.4) 

 
30 (55.6) 

0.456a  
29 (53.7) 

 
16 (29.6) 

 
9 (16.7) 

0.880a 

Female 
Age 

5 (62.5) 3 (37.5)  
0.616a 

4 (50) 3 (37.5) 1 (12.5)  
0.793a 

< 55 years 8 (36.4) 14 (63.6)  14 (63.7) 6 (27.3) 2 (9)  

> 55 years 
BMI (Kg/m2) 

21 (52.5) 19 (47.5)  
0.654a 

19 (47.5) 13 (32.5) 8 (20)  
0.092a 

Low 0 (0) 1 (100)  1 (100) 0 (0) 0 (0)  

Normal 7 (43.8) 9 (56.3)  10 (62.5) 5 (31.3) 1 (6.3)  

High 9 (52.9) 8 (47.1)  8 (47.1) 3 (17.6) 6 (35.3)  

Obesity I 12 (52.1) 11 (47.8)  13 (56.5) 9 (39.1) 1 (4.3)  

Obesity II  
Hypertension 
No 

1 (20) 
 

9 (45) 

4 (80) 
 

11 (55) 

 
0.847b 

1 (20) 
 

10 (50) 

2 (40) 
 

5 (25) 

2 (40) 
 

5 (25) 

 
0.406b 

Yes 
Diabetes 

20 (47.6) 22 (52.4)  
0.499b 

23 (54.8) 14 (33.3) 5 (11.9)  
0.703b 

No 24 (49) 25 (51)  27 (55.1) 15 (30.6) 7 (14.3)  

Yes 5 (38.5) 8 (61.5)  6 (46.3) 4 (21.1) 3 (23.1)  
a Fisher exact test, b Chi-Square test 
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Based on table 2, all laboratory variables except MCH had no significant difference between RDW groups 1 
and 2 as indicated by p-value (p>0.05), while the MCH variable had p=0.02. In severity of CHD, all laboratory 
variables had p-values greater than 0.05. The result showed laboratory variables did not have a significant 
correlation to the low, medium, and high severity categories 

 
Table 2. Relationship between laboratory test result, RDW value, and SYNTAX I score 

RDW P- SYNTAX I score P- 
Variable   (Mean ± SD)  value   (Mean ± SD)  value 

Group 1 
(<13,029) 

Group 2 
(≥13,029) Low Moderate High 

HGB (g/dL) 14.24 ± 1.11 14.32 ± 0.97 0.755a 14.41 ± 1.09 14.02 ± 1.01 14.37 ± 0.82 0.395c 

HCT (%) 41.52 ± 3.10 42.26 ± 2.92 0.333a 42.23 ± 2.91 41.21 ± 3.38 42.20 ± 2.62 0.479c 

RBC (106/mm3) 4.83 ± 0.44 5.03 ± 0.47 0.092a 4.93 ± 0.41 4.92 ± 0.52 4.97 ± 0.56 0.957c 
WBC 
(103/mm3) 8.86 ± 2.30 9.00 ± 2.73 0.955b 9.04 ± 2.86 8.72 ± 2.00 9.00 ± 2.40 0.989d 

PLT (103/mm3) 244.17 ± 54.84 274.33 ± 139.32 0.320b 
243.27 ± 
52.96 

297.58 ± 
177.03 

245.20 ± 
55.02 

0.425d 

MCV (fl) 86.10 ± 4.27 82.94 ± 10.91 0.245b 85.64 ± 3.07 81.83 ± 14.17 85.30 ± 6.43 0.717d 

MCH (pg) 29.62 ± 1.56 28.63± 1.67 0.020a 29.27 ± 1.40 28.69 ± 1.67 29.30 ± 2.50 0.409d 

MCHC (g/dL) 34.47 ± 1.38 34.15 ± 1.06 0.219b 34.36 ± 1.11 34.14 ± 1.50 34.40 ± 1.07 0.692d 

MPV (fl) 9.58 ± 1.14 9.78 ± 0.72 0.631b 9.70 ± 0.87 9.59 ± 1.22 9.82 ± 0.44 0.552d 

Creatinine 
(mg/dL) 1.05 ± 0.25 1.15 ± 0.33 0.196a 1.08 ± 0.32 1.16 ± 0.27 1.08 ± 0.28 0.637c 

Random Blood 
Sugar (RBS) 
(mg/dL) 

 
151.10 ± 49.05 159.79 ± 79.68 0.582 b 146.42 ± 

59.74 
165.37 ± 
73.49 

168.10 ± 0.440d 

77.56 
 

a
 Independent sample t test, b Mann-Whitney test, c Anova test, d Kruskal-Wallis test 

 
The distribution of CHD patients based on RDW level and CHD severity is presented in Table 3. A total of 33 

(53.2%) CHD patients in this study had low severity, 19 (30.6%) moderate, and ten (16.1%) high. Meanwhile, based 
on the RDW level, 29 patients (46.8%) were in the RDW group 1, and 33 patients (53.2%) were in group 2. The 
correlation between the RDW level and the severity of CHD was measured using the Spearman test, and a 
correlation value of 0.101 was obtained with p=0.435 (Table 3). These results showed a positive but insignificant 
correlation value (p> 0.05). 

 
Table 3. Relationship between RDW and SYNTAX I score 

 

  RDW n (%)  
Variable Group 1 

(<13.029) 
Group 2 

(<13.029) 
Correlation Value P-value 

 
SYNTAX I score 

Low 17 (27.4) 16 (25.8) 
Moderate 8 (12.9) 11 (17.7) 0.101 0.435 
High 4 (6.5) 6 (9.7) 

4. Discussion 

In this study, there were more male CHD patients than women, with the majority being elderly (56-65 years). 
Based on previous reports, in 2010, men aged 40-70 years were more at risk for CHD than women [19]. Patients 
also had more hypertension which is a major risk factor for CHD. Patients without cardiovascular disease generally 
had low systolic pressure (down to 90-114 mmHg) and low diastolic pressure (down to 60-74 mmHg) [20]. Diabetes 
is another factor that affects CHD patients and occurs in patients with old age (≥65 years)[21]. However, the study 
showed inconsistent results because the population under 65 years was observed. Obesity is also an independent 
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factor in the development of CHD [1]. More than 50% of patients with CHD were overweight or obese. Weight loss 
can reduce the number of major risk factors, such as hypertension, dyslipidemia, and diabetes mellitus [22] 

In general, the baseline characteristics of the patients in this study did not have a significant correlation with the 
RDW level. An independent sample t-test was applied to assess the significant relationship between RDW level and 
gender. It was found that there was no significant correlation between them (p>0.05) [23]. Other study also reported 
that BMI and diabetes did not significantly correlate with the RDW level [24]. However, an analysis of hypertension 
and age with RDW level contrasted results with previous studies. The different results of this study are due to the 
number of samples being smaller and different categories of age group [23, 25, 26] 

The relationship between the severities of CHD and the patient's baseline characteristics also did not show a 
significant relationship. Previous studies showed that age, BMI, and diabetes potentially caused CHD but were not 
correlated with severity [27, 28]. In contrast to other studies, hypertension and age did not show a correlation with 
the severity of CHD [27]. This difference in results is due to differences in patient severity groupings and a larger 
patient population with a more diverse age range. Currently, there is no research that links gender to the severity of 
CHD. This study showed men had a higher severity than women. Cases of death in male CHD patients are more 
than in females. Men dealing with stressful events are less adaptive physiologically, behaviorally, and emotionally 
which contributes to an increase in the severity of CHD[29]. 

Overall, laboratory variables did not show a correlation between RDW level and the severity of CHD. RDW is a 
numerical measurement of variations in the size of erythrocytes. RDW is a routine parameter of the complete blood 
count (CBC) used to diagnose anemia [5]. A previous study showed results different from our findings. Higher 
levels of RDW (>14.4%) showed a significant correlation with laboratory variables [30]. In this study, the grouping 
of RDW level was in the range of 12%-14%, which may be a factor in the results' difference. The RDW is useful 
when determining microcytic anemia, particularly iron deficiency anemia (high RDW, normal to low MCV) [6]. 

The final result of this study was no significant correlation between RDW level and the severity of CHD 
patients. This study was contrary to other studies where 6737 respondents showed a relationship between RDW and 
CHD patients [31]. A high level of RDW is a risk for heart failure, cardiovascular events, and causes of death in 
patients with previous myocardial infarction [2]. Our study used an observed RDW level of <15%, whereas patients 
prone to chronic CHD disease had a mean RDW level of >15%. The role of RDW in cardiovascular disease is 
associated with decreased red blood cell turnover. A high RDW level causes the red blood cell size to decrease 
gradually and reduces the turnover of red blood cells in circulation [32]. 

 
5. Conclusion 

Our findings found no significant correlation between baseline patient characteristics and laboratory results on 
RDW and the severity of CHD. In addition, the Spearman rank correlation test showed that RDW did not 
significantly correlate with the severity of CHD. For further research, it is expected to use a larger number of 
samples and a wider distribution of samples for each degree of severity and level of RDW to ensure the results are 
more representative. 
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