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Abstract
Introduction: Coronary artery disease (CAD) is one of the most common causes of morbidity and mortality in
developed countries. SYNTAX (SX) score is a useful index that scores lesion severity during coronary angiography
(CA) and can predict the patient’s outcome. Recent studies have associated a number of serum parameters with
SX score, including platelet volume, and platelet-to-lymphocyte ratio (PLR).
Objectives: We aimed to study the SX score in association with various serum parameters to find a valuable
parameter for prediction of CAD severity.
Patients and Methods: This study consisted of 363 patients referred to Heshmat hospital (Rasht) from March
2016 to October 2016 with acute coronary syndrome (ACS). Serum laboratory parameters were measured after
12 hours of fasting. Severity of CAD was evaluated during CA by SX score. The associations were analyzed using
multinomial logistic regression model.
Results: The mean age of patients was 63.68±11.03 years; since 26.2% of cases had severe, 43% had moderate,
and 30.8% had mild CAD. Comparing to mild CAD, the multivariate adjusted model showed higher significant
odds of severe CAD for one elevation of platelets (odds ratio [OR] =2.18 (95% CI: 1.35-3.50), white blood cells
(WBCs) (OR=1.66, 95% CI: 1.17-2.35) RDW (red cell distribution width), (OR=1.59, 95% CI: 1.08-2.35) and
serum creatinine (OR=1.75, 95% CI: 1.16-2.63).
Conclusion: Plasma platelets, WBC and RDW and also serum creatinine were all independently correlated with
severity of CAD.

Introduction
Recent advances in treatment modalities
have significantly reduced the incidence
of myocardial infarction (MI) worldwide.
Nevertheless, it is still considered as the major
cause of mortality in most developed countries
(1,2). In developing countries, acute coronary
syndromes (ACSs) are life-threatening
conditions which account for approximately
one-half of all cardiovascular disease related
mortality and upwards of one-third of all
deaths globally, after road accidents (3,4).
A considerable number of patients do not
reach the hospital in the golden survival time,
since patients who survive from MI are prone
to recurrence of MI that has higher mortality
rates (5). The prognosis of patients with STelevation myocardial infarction (STEMI)
is worse in patients who suffer from multivessel disease (6). Therefore, multiple arterial
revascularization therapy has been suggested
for the affected patients in the minimum
time possible (7). Although coronary artery
bypass grafting (CABG) is believed as the

Key point
In a study on 363 patients with acute coronary
syndrome (ACS), we found plasma platelets,
white blood cells (WBCs) and RDW (red cell
distribution width) and also serum creatinine were
all independently correlated with the severity of
coronary artery disease. In our study, individuals with
higher RDW levels had high SYNTAX (SX) score and
had more significant lesions simultaneously.

gold standard treatment, its outcome may
not be much different from other treatment
modalities such as stents with percutaneous
coronary intervention (PCI) while all
treatment modalities are associated with a
considerable risk of mortality and recurrence
of MI (7,8).
To distinguish the severity of coronary
artery disease (CAD) and select the most
appropriate treatment, several imaging
modalities have been suggested. In this regard,
a recent study has used myocardial perfusion
scintigraphy to determine myocardial
perfusion extent as an indicator of CAD

Copyright © 2020 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Mirbolouk F et al

severity (9); however, the gold standard is the conventional
coronary angiography (CA) which visualizes the anatomy
of coronary vessels (10). It is noteworthy that CA, despite
being invasive, is the preferable method because unlike
the scintigraphy approach, it reveals the exact anatomy of
coronary arteries (11). Likewise, SYNTAX (SX) score was
introduced in the SYNTAX study (SYNergy between PCI
with TAXusTM and cardiac surgery) as a useful index that
scores lesion severity and complexity during CA, while,
is hypothesized to be able to predict the prognosis too
(12). Accordingly, it is hypothesized to help to expand the
indications of revascularization procedures in complex
and high-risk lesions (13).
Previous studies have evaluated SX score and its
association with various conditions. Several serum
parameters have been investigated to distinguish between
severe, moderate, or mild SX scores, including uric acid
(14,15), serum levels of iron (16), copper and 25-hydroxy
vitamin D (17) as well as serum bilirubin (18). Mean
platelet volume (MPV) (19), and platelet-to-lymphocyte
ratio (PLR) (20) have also been associated with SX score. It
has been suggested that by future studies, cardiologists will
be able to predict atherosclerosis by simple serologic tests.
Objectives
We aimed to study the association of SX score with various
serum parameters, to find a valuable parameter for
prediction of CAD severity.
Patients and Methods
Study population
In this study we recruited patients who referred to
Heshmat hospital (Guilan province, north of Iran) from
March 2016 to October 2016 with ACS to study the
association of blood index and severity of CAD by SX
score. The sample size of the study was calculated to be
363, considering effect size of 0.21, α=0.05, and power
of 95%. Then, patients who were diagnosed with ACS
were included. Patients with moderate to severe valvular
disorder, patients in decompensated heart failure, cancer
or hematological disorders, renal and hepatic failure,
active infection, systemic inflammation or auto-immune
disease and patients using corticosteroids were excluded.
Any patient whose laboratory data was unavailable was
also excluded from the study. Additionally, any patient
with severe renal dysfunction and acute infection was not
included in analysis. In the present study, 5 patients were
excluded; 3 patients didn’t have accessible laboratory tests,
and 1 patient had severe renal dysfunction and the other
had acute infection.
The demographic information of patients that were
recorded included body mass index (BMI), age, and gender
as well as the risk factors, including personal history of
MI and stroke, history of PCI, and CABG, personal and
family history of cardiac diseases, and current/last 5 years’
smoking status. The family history of cardiac diseases was
2
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considered positive in first degree relatives younger than
65 in women, and younger than 55 in men. Hypertension
was considered positive, when systolic blood pressure
(SBP) was more than 140 mmHg, and diastolic blood
pressure (DBP) was greater than 90 mm Hg. Positive
type 2 diabetes mellitus (T2DM) was diagnosed by FBS
>125 mg/dL in two measurements, or history of diabetic
drugs. Then, a venous blood sample was taken from all
participants after 12 hours fasting, and was sent to the
laboratory for measurement of cell blood count (CBC)
and hematologic indices, and also serum levels of FBS,
triglyceride, cholesterol, LDL-c, and HDL-c.
Then, all patients underwent CA by one cardiologist
with Siemens device ( Germany), and the severity of CAD
was assessed by a blind interventionist who calculated SX
score for all patients, based on the involved vessel, and
the severity of involvement (21). SX score is defined as
the scores for each lesion with ≥ 50% stenosis in a vessel
of ≥ 1.5 mm diameter by visual assessment. As a result,
the patients were categorized into three categories, based
on SX score; low SX score [<22], referred to mild CAD,
while moderate SX score [22-32], referred to moderate
CAD and finally, high SX score [>33], showed severe
CAD. Accordingly, mean level of laboratory parameters
was compared among the three mentioned categories,
considering the demographics as confounding variables
(21). Levels of serum lipids were categorized according
to introduced cut-points (published by adult therapeutic
panel) as total cholesterol ≤ 240 mg/dL, HDL-c > 40 mg/
dL, LDL-c ≥ 160 mg/dL, TG ≥ 200 mg/dL (22).
Ethical consideration
The research followed the tenets of the Declaration of
Helsinki. This paper was extracted from the residential
thesis of Fatemeh Baharvand, in the department of
cardiology, Heshmat hospital, school of medicine, Guilan
University of Medical Sciences. The study was approved by
the ethics committee of the Guilan University of Medical
Sciences
(#IR.GUMS.REC.1395.165).
Additionally,
informed consent was obtained from all the patients.
Statistical analysis
Data were described as frequency (percent) or mean ±
standard deviation. To assess the normal distribution
of variables, Kolmogorov-Smirnov test was used. The
univariate comparisons were made using t-test, ANOVA,
Kruskal-Wallis or chi-square test according to the type and
normal distribution of variables. The adjusted odds ratio
estimated for marginal significant variables (P value <0.1)
using polytomous logistic regression model. All analysis
was performed using Stata/SE version 13.1.
Results
A total of 363 patients (mean age 63.68±11.03 years,
52.6% men) were included in this study. Around 29.8%
were smokers and 15.4% had a positive history of cardiac
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disease, while 70.2% had T2DM. Most patients had
moderate (43%) and mild (30.8%) CAD severity, since
26.2% of cases had severe CAD. Table 1 demonstrates
detailed demographic characteristics of patients according
to CAD category based on syntax score. Severe CAD
patients were more likely to be older (P < 0.001) and with
higher prevalence of diabetes and hypertriglyceridemia
compared to mild and moderate CAD patients.
Comparison of serum parameters based on SX score
revealed statistically significant differences among
categories in white blood cell (WBC) count, plasma Hb
(hemoglobin) levels, RDW (red cell distribution width),
lymph (lymphocyte) and PLT (platelets) counts, as well as
PLR (platelet to lymphocyte ratio) (Table 2). Patients with
severe CAD had higher WBC count, lower hemoglobin
level, higher RDW, higher platelet level and PLR (Table 2).
The independent associations between each significant
variable with severity of CAD were then estimated using
polytomous logistic model considering mild CAD as the
reference category. The results are presented in Table 3.

Older age and having diabetes were significant independent
predictors for both moderate and severe CAD compared
to mild CAD. For moderate CAD, the eosinophil level
was a significant predictor since one percent elevation
of eosinophil level increased the odds of moderate CAD
as 43% compared to mild CAD. Patients with the history
of cardiac procedure were about three times more likely
to have severe CAD compared to mild CAD. Among
blood serum parameters, 1 standard deviation increase
in WBC count, RDW, platelet and serum creatinine level
significantly increased the odds of severe CAD compared
to mild CAD as 66%, 59%, 118% and 74%, respectively.
Besides, we found that eosinophil counts predict the
extent of CAD in 2-3–vessel disease versus 1 vessel disease
(OR=1.43, 95% CI=1.09-1.89; Table 3).
Further, we investigated the exact diagnostic accuracy
of PLR platelet to lymphocyte ratio by ROC curve, when
considered at 108.69 for diagnosis of moderate and severe
versus mild CAD. We found the sensitivity and specificity,
of 49% and 75% respectively, and positive predictive

Table 1. Demographic and clinical characteristics of study participants according to syntax severity score of CAD
Number
N=363

Mild
No. (%)

Moderate
No. (%)

Severe
No. (%)

Gender
Male
Female

191
172

64 (57)
48 (42)

78 (50)
78 (50)

49 (51)
46 (48)

0.499

Age group (y)
<63
>63

182
181

75 (66)
37 (33)

72 (46)
84 (53)

35 (36)
60 (63)

0.001

Smoking
Yes
No

108
255

33 (29)
79 (70)

48 (30)
108 (69)

27 (28)
68 (71)

0.922

Diabetes
Yes
No

255
108

63 (56)
49 (43)

116 (74)
40 (25)

76 (80)
19 (20)

0.001

Low HDL-c
Yes
No

253
110

73 (65)
39 (34)

106 (67)
50 (32)

74 (77)
21 (22)

0.115

Total cholesterol >200
Total cholesterol <200

331
32

107 (95)
5 (4)

141 (90)
15 (9)

83 (87)
12 (12)

High TG
Yes
No

247
116

81 (72)
31 (27)

113 (72)
43 (27)

53 (55)
42 (44)

0.012

High LDL-c
Yes
No

343
20

110 (98)
2 (1.7)

88 (95)
7 (7)

0.15

Family history
Yes
No

41
322

9 (8)
103 (91)

20 (12)
136 (78)

12 (12)
83 (87)

0.423

CVD
Yes
No

273
90

87 (77)
25 (22)

125 (80)
31 (19)

61 (64)
34 (35)

0.014

History of cardiac procedure
Yes
No

319
44

105 (93)
7 (6)

138 (88)
18 (11)

76 (80)
19 (20)

0.01

145 (92)
11 (7)

P valuea

0.106

HDL; high density lipoprotein (mg/dL), TG; triglyceride (mg/dL), LDL; low density lipoprotein (mg/dL), CVD; myocardial infarction and stroke, cardiac procedure;
percutaneous coronary intervention and coronary artery bypass graft. Total cholesterol is in mg/dL.
a
Chi-square.
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Table 2. Comparison of serum level of laboratory indices based on the SX score categories in the study population
Serum parameter
WBC, 109/L

RBC, 106/dL

Hemoglobin, g/dL

Hematocrit (Hct), %

MCV (fl)

MCH

MCHC

RDW

Eosinophil, 109/L

Monocyte, 109/L

Lymphocytes, 109/L

Neutrophil, 109/L

PLT, 109/L

MPV

PLT/lymphocyte ratio

Plasma creatinine(mg/dL)

SX Score

Number

Mean ± SD

Mild

112

9627.3 ± 3238

Moderate

156

10504.1 ± 3620

Severe

95

10868.7 ± 3477.4

Mild

112

4.62 ± 0.57

Moderate

156

4.7 ± 0.52

Severe

95

4.6 ± 0.6

Mild

112

13.52 ± 0.57

Moderate

156

13.66 ± 1.78

Severe

95

8.13 ± 1.63

Mild

112

41.6 ±5

Moderate

156

41.46 ± 5.03

Severe

95

72/40 ±08/5

Mild

112

77.32 ± 19.58

Moderate

156

79.41 ± 15.01

Severe

95

75.78 ± 20.8

Mild

112

27.87 ± 2.52

Moderate

156

27.4 ± 3.24

Severe

95

27.72 ± 2.5

Mild

112

31.64 ± 4.29

Moderate

156

31.39 ± 3.72

Severe

95

31.2 ± 11.5
12.94 ± 0.65

Mild

112

Moderate

156

13.3 ± 1.29

Severe

95

13.55 ± 1.24

Mild

112

157.4 ± 63

Moderate

156

173.9 ± 60.6

Severe

95

167.4 ± 53.8

Mild

112

156.8 ± 59.6

Moderate

156

160.4 ± 47.45

Severe

95

156.6 ± 54.17

Mild

112

2957 ± 1898

Moderate

156

2491.2 ± 1338.3

Severe

95

2776.3 ± 1246.1

Mild

112

7470 ± 3544

Moderate

156

8251.8 ± 4000.7

Severe

95

8218.2 ±4283

Mild

112

216521 ± 57564

Moderate

156

225919.8 ± 57564

Severe

95

255263.1 ± 73782.2

Mild

112

10.28 ± 0.83

Moderate

156

10.22 ± 0.92

Severe

95

10.08 ± 1.2

Mild

112

90.62 ± 6.46

Moderate

156

109.67 ± 54.54

Severe

95

106.28 ± 50.13

Mild

112

0.99 ± 0.22

Moderate

156

1.08 ± 0.29

Severe

95

1.15 ± 0.38

Test value

P value

F = 3.64

0.027

F = 0.701

0.497

F = 3.44

0.033

F = 0.652

0.522

F = 1.24

0.289

F = 0.955

0.386

F = 0.279

0.757

F = 7.77

0.001

F = 2.49

0.084

F = 0.217

0.805

F = 3.22

0.041

F = 1.47

0.23

F = 10.05

0.0001

F = 1.09

0.336

F = 4.81

0.009

F=7.38

0.001

MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution
width; MPV, mean platelet volume; WBC, white blood cell; RBC, red blood cell; PLT, platelet;

value and negative predictive value of 81.5%, and 39.6%,
respectively, with statistical insignificance (Figure 1).
Discussion
We investigated the role of hematological indices; WBC,
RDW, and PLT indices, like PLR, MPV in the cases of ACS.
We aimed to find the association between the mentioned
4
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parameters and the extent of CAD. We detected that WBC,
serum platelet and RDW are separately correlated with the
presence and severity of CAD.
In the pathophysiology of ACS, an increased systemic
and local inflammation plays a key role. A key role in the
progress of atherosclerosis associated with inflammation,
and WBC count is a biomarker of inflammation.

Acute coronary syndrome
Table 3. Multinomial logistic regression model of predictors with severity of CAD
CAD category*

Moderate

Severe

Independent predictors

Adjusted OR

95%CI

Standard error

Wald statistic

P value

Age >63 years

1.90

1.08-3.36

0.55

2.24

0.025

Diabetes

2.21

1.25- 3.90

0.639

2.76

0.006

CVD

0.83

0.43-1.61

0.28

-0.54

0.589

History of cardiac procedure

2.01

0.70-5.27

1.07

1.31

0.190

High TG

0.91

0.49-1.69

0.28

0.29

0.77

1.22

0.91-1.64

0.18

1.36

0.173

1.05

0.80-1.39

0.14

0.41

0.68

1.42

0.99-2.04

0.26

1.96

0.05

0.95

0.63-1.43

0.19

-0.22

0.825

1.24

0,74-2.09

0.330

0.83

0.40

1.53

0.98-2.07

0.27

1.87

0.061

0.76

0.51-1.12

0.15

-1.37

0.170

1.43

1.09-1.89

0.20

2.57

0.010

Z WBC
1 SD increase
zHB
1 SD increase
zRDW
1 SD increase
Zplatelet
1 SD increase
Z PLR
1 SD increase
Z creatinine
1 SD increase
Z Lymphocyte
1 SD increase
Z eosinophil
1 SD increase
Age >63 years

2.51

1.26-4.96

0.87

2.65

0.008

Diabetes

3.26

1.53- 6.93

1.25

3.08

0.002

CVD

1.77

0.85-3.68

0.66

1.54

0.123

History of cardiac procedure

2.92

0.94-9.00

1.67

1.87

0.006

High TG

1.98

0.97-4.04

0.72

1.88

0.059

1.66

1.17-2.35

0.29

2.87

0.004

0.72

0.52-1.01

0.122

-1.89

0.059

1.59

1.08-2.34

0.315

2.36

0.018

2.18

1.35-3.50

0.527

3.23

0.001

0.63

0.33-1.18

0.230

-1.43

0.153

1.74

1.16-2.62

0.362

2.69

0.007

0.69

0.42-1.13

0.172

-1.45

0.146

1.17

0.83-1.64

0.202

0.92

0.485

zWBC
1 SD increase
zHB
1 SD increase
Z RDW
1 SD increase
Z platelet
1 SD increase
Z PLR
1 SD increase
Z creatinine
1 SD increase
Z Lymphocyte
1 SD increase
Z eosinophil
1 SD increase

*The reference category is mild CAD defined as syntax score <22

Additionally, WBC has a crucial role from the beginning
of the development of atherosclerosis(23). The association
between WBC count and the severity of CAD has been
detected by Kose et al (24). In the present study, we found
that eosinophil counts predict the extent of CAD in 2 -3
vessels disease versus one vessel disease.
Zhao et al showed that the total WBC count was an
independent risk factor for death and major adverse
cardiac or cerebrovascular events in patients with triplevessel CAD in long-term follow-up (25).
Similar to our study, Kim et al and Uysal et al, found
that WBC count to be a predictor of the development
of atherosclerosis (26,27). Based on the findings of our
study, the WBC counts were detected to be statistically
different between the groups who categorized according
to SX score (P=0.004). In this situation, the relationship

between high values of WBC count and severity of CAD
was explained by the inflammatory structure of coronary
artery involvement.
Increased PLT count has been demonstrated to stimulate
inflammation and may lead to active atherosclerosis(28).
Inappropriate platelet activation is an important
pathogenic component of thrombosis at the site of
vascular injury which leads to ACS (29). Platelet counts
are also meaningfully correlated with platelet activation
(30). This correlation might be described by this fact
that the metabolic and enzymatic activation of PLT are
increased. Moreover, there is a heightened secretion of
mediators from the hemostatically active PLTs. In the
development of atherosclerotic lesions, PLTs are interacted
with chemotactic substances, inflammatory and mitogenic
substances. Based on the current findings, there was a rise
Immunopathologia Persa Volume 6, Issue 1, 2020
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RDW and also serum creatinine were all independently
correlated with severe CAD. In our research, individuals
with higher RDW values had high SX score and had more
significant lesions simultaneously.
Study limitations
Potential limitations of the present study include limited
sample size, and selection of patients who referred to
one center that limits the generalization of the results.
In addition, only major coronary arteries are detected by
CA and it cannot assess microvascular diseases. Also, to
determine the stage and grade of coronary atherosclerosis,
intravascular ultrasonography or optical coherence
tomography are required that were beyond the objectives
of the present study.
Figure 1. ROC curve, according to PLR index, to determine appropriate cutoff point for prediction of moderate and severe, versus mild CAD in the study
population.

in platelet counts with the rising proportion of coronary
stenosis. PLR has been suggested to be associated with
severity of CAD in the previous studies, suggesting PLR
as an independent risk factor for mortality of patients with
STEMI (31) and non-STEMI (32).
Heightened thrombocyte activation and a prothrombotic
state may be caused by a higher PLR (28). It has been
indicated that PLR is associated with various inflammatory
markers (33). As recently demonstrated, PLR may be an
independent predictor of coronary vessel disease events
because PLR is heightened in the multi-vessel disease (2and 3-vessel) groups compared with the 1-vessel group,
however, it was statistically insignificant. As known, the
mild atherosclerosis group has more severe inflammation,
thus there was no difference between mild atherosclerosis
with other groups.
RDW is a measurement of the range of variation
in size of red blood cell volume (anisocytosis) used in
the differential diagnosis of anemia as part of red cell
indices. In recent years, different studies have reported
the importance of RDW as a predictor of poor clinical
outcomes in the settings of various diseases, including
CAD. Patients with higher RDW values who have reduced
red blood cell deformability suffering from a negative
effect on blood flow via the microcirculation, resulting
in the deduction of oxygen supply at the tissue level,
especially among patients who had a history for MI treated
with urgent revascularization (34).
Danese et al showed that elevated RDW in a patient with
CAD leads to an elevated risk of heart failure (35). RDW
was detected to be helpful in triaging patients with nonST-elevation ACS in a cohort of 251 patients referred to
coronary care unit over one year period by Tenekecioglu
et al (36).
Conclusion
In this study we found plasma PLT, WBC count and
6
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