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Abstract 
Ischemic heart disease (IHD) is the most common cause of death around the world. 
Nowadays Platelet counts (PC) and volumetric platelet indices are available routinely 
in most laboratories and reflect the level of mobility and production of platelets. It 
seems that the excessive flexibility and size of the platelets and their local activation 
have correlation with extent of ischemic heart disease. So our objective is the study of 
platelet indices in ischemic heart disease. This non-randomized prospective study 
was performed on 245 patients with ischemic heart disease, who underwent the co-
ronary angiography. The patients were divided into four groups: stable angina, unst-
able angina, acute myocardial infarction and control group; and then platelet indices, 
including the platelet counts (PC), the average platelet volume (MPV), the Platelet 
Distribution Width (PDW) and plateletcrit (PCT) in each group with the extent of 
coronary disease were compared based on an Syntax Score system and observational 
methods. The average ages of the patients were 57 years and 65% of them were male 
and the rest were female. A significant difference is exists between indices in all three 
groups compared to the control that this difference was related to gender and the 
type of the coronary artery involvement. However, only in infarction group, PDW in 
different disease intensities was significantly different. In this study, unlike many of 
the previous studies no relationship was found between the MPV with the extent of 
coronary disease. 
 

Keywords 
Ischemic Heart Disease, Platelet Indices, Average Platelet Size,  
Platelet Distribution 

How to cite this paper: Adel, M.H., Seye-
dian, M., Jafarsalehi, M., Najafi, M.H., Nou-
rizadeh, M., Mohebi, M. and Nourizadeh, S. 
(2016) Is Any Correlation between Platelet 
Indices with Extent of Coronary Artery 
Involvement in Ischemic Heart Diseases? 
Health, 8, 1266-1274. 
http://dx.doi.org/10.4236/health.2016.812129  
 
Received: June 21, 2016 
Accepted: September 24, 2016 
Published: September 27, 2016 
 
Copyright © 2016 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

   
Open Access

http://www.scirp.org/journal/health
http://dx.doi.org/10.4236/health.2016.812129
http://www.scirp.org
http://dx.doi.org/10.4236/health.2016.812129
http://creativecommons.org/licenses/by/4.0/


M. H. Adel et al. 
 

1267 

1. Introduction 

Ischemic heart disease is one of the common causes of mortality in the entire world; 
also, according to the Framingham’s studies, the risk of coronary artery disease after 
age of 40 in men and women is respectively 45% and 32% [1]. 

Increased activation of the platelets happens before coronary events. Increased con-
sumption of platelets at the site of the coronary atherosclerotic plaque causes larger 
platelets to be free of the marrow. It is familiar fact that an increase in the size of the 
platelets after discharge also remains stable supports an increase in the risk of reinfarc-
tion. MPV is an index of mobility and production of platelets. MPV may be a marker 
for restenosis after angioplasty. MPV had a correlation with type ΙΙ diabetes and mi-
crovascular involvement. 

According to the findings of the AHA, among the platelet parameters the PDW (and 
no platelet counts and MPV) is an independent predictor of mortality (heart and any 
cause) and routine measurement of these in all patients is recommended [2]. 

Automatic measurement of platelet count has been replaced for manual count. This 
led to getting simple and to improve the accuracy of the measurement and the consi-
derable time-saving. Due to the greater number of cells with this method is checked, a 
statistical error has considerably been reduced. 

In more hematology analyzers, a platelet count can be done by measuring the im-
pedance. With the addition of the supplementary methods, role of confounding factors 
has been also very light [3]. It seems that abnormal platelets indices may be as risk fac-
tors for coronary artery disease. 

Due to the ease of doing, to be available and affordable costs, proof of the relation-
ship between the platelet indices with the extent of coronary artery disease can be an 
important step in improving risk assessment and screening for high risk patients, in 
order to perform more aggressive investigations. 

In this regard, the study has been designed in order to investigate the relationship 
between the platelet indices with the extent of coronary disease among different groups 
through a simultaneous review of angiography findings with Syntax Score and observa-
tional systems. 

2. Materials and Methods 

This study was prospective and planned based on hospital data. Patients were selected 
non-randomly and the subjects were divided into four groups; the first group: 76 pa-
tients with stable angina who have been referred for angiography. The second group: 63 
patients who have been hospitalized in an emergency with a diagnosis of unstable an-
gina.The third group: 62 patients hospitalized due to acute myocardial infarction. The 
fourth group (the control group): healthy subjects with normal ECG and echocardio-
graphy. In this study; 201 patients with 44 healthy were studied as a control group; over 
the course of the research. 8 patients were omitted from study because insufficient and 
unreliable data. 

Platelet indices, including the PDW, MPV, PCT and the number of platelets in the 
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patients’ records based on the CBC (based on sample arrival) were collected and after 
performing angiography, their relationships were investigated. Age, sex, changes in 
ECG and taking anti-platelet drug were recorded in order to control platelet antibodies 
as well as underlying and confounding factors. According to the contradictory findings 
of previous studies about the impact of risk factors in the indices, the risk factors were 
investigated in all patients. As well as preventing the bias in the study groups, this will 
be done in terms of matching. 

2.1. Inclusion Criteria 

1) All patients admitted with a diagnosis of acute coronary syndrome (ACS) and ac-
cording to the existing indications in the guideline, will be undergoing angiography. 

2) All patients who are hospitalized for elective angiography. 

2.2. Exclusion Criteria 

1) Patients with a history of the previous revascularization, coronary arteritis bypass 
graft (CABG) and percutaneous coronary intervention (PCI)  

2) A history of blood and platelet products received during the past three months 
3) A history of cancer, and chemotherapy 
4) Consumption of drugs with hematological complication. 
5) History of platelet diseases, including idiopathic thrombocytopenia (ITP), throm-

botic thrombocytopenic purpura (TTP)  
6) Severe and an acute hemorrhage. 
The data were collected using the patients’ records and on the basis of the informa-

tion contained in it. Sysmex, the model KX21N for platelet indices and SYNTAX soft-
ware score system for angiography to check the extent of CAD. Selective angiography 
was performed by Seimens model Zee Floor 2012 by expert cardiologist. Coronary an-
giography results were interpreted by two cardiologists according to observational me-
thods and with SYNTAX software separately. 

2.3. Statistical Analysis 

Data collection and analysis was performed by self-administer questionaries’ and SPSS 
software 16. Baseline data are reported as means ± standard deviation (SD) and cate-
gorical data are analyzed by Chi-square, independent sample test or non-parametric 
analysis, univariate ANOVA and welch analysis. Cox proportional-hazards modeling 
was used for efficacy and safety analyses. A P value of 0.05 or less was considered to in-
dicate statistical significance. 

3. Results 

The study compared 201 patients in three groups: stable angina, unstable angina (UA) 
and myocardial infarction (MI) with a control group of 44 patients with platelet indices. 
The average age of the study patients in the unstable angina, angina-stable, and myo-
cardial infarction groups was 57.2, 57.7 and 56 years, respectively. About 35% of patients 
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were female. 21.3% patients showed a brief involvement of coronary; 24.2% showed 
involvement of a vessel; 20.3%, the involvement of two vessels; and the rest, all three 
coronary vessels. Average number of platelets, PCT, MPV, PDW, was respectively 239 
× 103 ± 57, 15.7 ± 0.55, 10.1 ± 1.81 and, 249 ± 0.07 in patients with stable angina. Av-
erage number of platelets in patients with UA and MI was reported respectively 249 × 
103 ± 61.7 and, 261 × 103 ± 67; PDW 15.1 ± 1.1 and 15.3 ± 1.2; MPV 11 ± 1.1 and 10.4 
± 1.4 and PCT 0.275 ± 0.07 and 0.272 ± 0.07 (Table 1). 

About 30.3%, 12.7% and 3.2% of patients with respectively stable angina, unstable 
angina, and myocardial infarction had the consumption history of antiplatelet drugs. 
The average hemoglobin in the three groups above was respectively 12.5 ± 1.6, 12.3 ± 
1.6, and 13.4 ± 1.8 and the average left ventricular ejection fraction was 46.8, 43.6, and 
39.1% respectively. 

Platelet indices were analyzed based on extent of coronary artery disease (with an 
observational method and syntax score system) in the studied groups. Total data ob-
tained were analyzed again using univariate ANOVA to investigate the correlation be-
tween indices with the extent of coronary artery disease. Analysis of variance was  
 
Table 1. Baseline demographic and laboratory characteristics of patients. 

 
Stable  
angina 

Unstable  
angina 

Myocardial 
infarction 

Control P value 

Age 57.2 ± 10.3 57.7 ± 11 56.1 ± 12.5 47.6 ± 13 ** 

Gender 
Male 45 39 47 19 ** 

Female 31 24 15 25 ** 

Risk factor 

Diabetes 24 27 20 - * 

Blood pressure 39 40 27 - * 

Hyperlipidemia 30 19 17 - * 

Cigarette 16 14 23 - * 

LV Ejection Fraction 46.8 ± 9.5 43.6 ± 10.6 39.1 ± 8.2 54.3 ± 3.9 * 

Hb 12.5 ± 1.6 12.3 ± 1.6 13.4 ± 1.8 12.5 ± 1.2 ** 

Platelet  
Indices 

MPC (x103) 239 ± 57 249 ± 61 261 ± 67 252 ± 50 * 

MPV 10.1 ± 1.8 11 ± 1.1 10.4 ± 1.4 10.2 ± 1.6 * 

PDW 15.7 ± 0.55 15.1 ± 1.1 15.3 ± 1.2 15.5 ± 0.97 * 

PCT 0.249 ± 0.075 0.275 ± 0.073 0.272 ± 0.079 0.255 ± 0.57 * 

The extent  
of coronary 

artery disease 

SVD 16 12 21 - * 

2VD 15 11 15 - * 

3VD 17 25 25 - * 

Minimal CAD 21 15 1 - * 

Hemoglobin (Hb); Mean Platelet Counts (MPC), Average Platelet Volume (MPV), Platelet Distribution Width 
(PDW) and Plateletcrit (PCT), Single Vessel Diseases (SVD); Two Vessel Diseases (2VD); Three Vessel Diseases 
(3VD); Minimal Coronary Artery Diseases (Minimal CAD), *p value < 0.05,**p value > 0.05. 
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performed to evaluate the average age in four groups. Welch analysis used for lack of 
homogeneity of variance in the four groups. The chi square test determined the sex of 
the patients is different in the four groups; therefore, we entered the age and sex as 
confounding variables into the model. 

The results showed although gender has the confounding effects in the model (p = 
0.001), the average platelet in patients with stable angina and unstable angina is statis-
tically lower than control group and higher than myocardial infarction (p = 0.002). In 
different groups average of MPV have significant statistical difference with control 
group (p = 0.041) that is due to type of diseases (p = 0.012) and the age and sex had not 
confounding effect on this variable. 

The average PDW in different disease severities in patients with stable angina and 
unstable angina and myocardial infarction were compared with control group (p = 
0.030) which this effect is related to the severity of the disease. The results of analysis of 
variance showed that the average PDW is the same in different disease intensities (p = 
0.016). 

With regard to the possibility of the confounding effect of risk factors in getting sig-
nificant this index, analysis was conducted to examine the effect of them again, that 
only diabetes had a significant impact and this difference was not significant in other 
risk factors (p = 0.019). 

Platelets indices were analyzed with extent of coronary involvement by observational 
methods (Table 2). It showed mean platelets count in stable angina groups with three 
vessel diseases was higher than mono vessel diseases (p = 0.037) and sex had con-
founding effect of this finding (p = 0.022).  
 
Table 2. Mean of platelet indices in different extent of coronary involvement by observational 
methods among patients groups. 

 MPC PCT MPV PDW 

Mono vessel involvement     

Stable angina 70*1 ± 248 0.07*3 ± 0.244 1.5 ± 10 0.24 ± 15.7 

Unstable angina 72 ± 239 0.07 ± 0.260 1.1 ± 10.8 0.9 ± 15.4 

Myocardial infarction 84 ± 279 0.10 ± 0.282 1.6 ± 9.9 1.6*2 ± 14.9 

Two vessel involvement     

Stable angina 48 ± 242 0.05*3 ± 0.252 1.6 ± 10.5 0.3 ± 15.7 

Unstable angina 55 ± 250 0.06 ± 0.276 1.5 ± 11.2 0.9 ± 15.2 

Myocardial infarction 55 ± 258 0.06 ± 0.281 0.9 ± 10.9 1.1 ± 15.1 

Three vessel involvement     

Stable angina 37*1 ± 201 0.08*3 ± 0.216 1.3 ± 9.9 0.3 ± 15.8 

Unstable angina 72 ± 262 0.08 ± 0.293 1.2 ± 11 1.5 ± 14.9 

Myocardial infarction 58 ± 249 0.05 ± 0.259 1.5 ± 10.5 0.4*2 ± 15.8 

Mean Platelet Counts (MPC), Average Platelet Volume (MPV), Platelet Distribution Width (PDW) and Plateletcrit 
(PCT),*1p value = 0.037; *2p value = 0.041; *3 p value = 0.004. 
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Mean platelet scout was not different in unstable angina and myocardial infarction 
with different intensity of vessel involvement. Mean MPV in three groups with differ-
ent intensity were not statistically different. Mean PDW was not statistically different in 
different intensity among unstable and stable angina but was significantly different in 
three vessel diseases with myocardial infarction (p = 0.041). Analysis by post HOC 
(Tukey HSD) was showed that age and sex was not confounding effect. Due to con-
founding effect of sex (p = 0.001), mean PCT was statically different in stable angina 
with two vessel than single and three vessels (p = 0.004). Mean PCT among unstable 
angina and myocardial infarction was not different. Results of indices analysis based on 
SYNTAX score showed that mean platelets number in stable angina with SYNTAX 
score = 10 - 20 and SYNTAX score > 20 was lower in males than patients with 
SYNTAX score < 10 (p = 0.02) (Table 3). The PDW in patients with unstable angina in 
SYNTAX score = 10 - 20 and SYNTAX score > 20 were significantly different than 
SYNTAX score < 10 among females (p = 0.02). The PDW in patients with Myocardial 
infarction with SYNTAX score = 10 - 20 and SYNTAX score > 20 were significantly 
different than SYNTAX score < 10 among males (p = 0.04). 

4. Discussion 

In the developed countries most deaths are associated with CAD and platelets play a 
fundamental role in atherosclerosis and thrombosis [2]. Great variability exists in initial 
reactivity of platelets that potentially may be resulted from differences in their sizes. In 
fact, the larger platelets have more mass and metabolically and enzymatically are more  
 
Table 3. Mean of platelet indices in different extent of coronary involvement by Syntax Score 
System among patients groups. 

 MPC PCT MPV PDW 

Syntax < 10     

Stable angina 59*1 ± 257 0.08 ± 0.268 1.7 ± 10.2 0.6 ± 15.6 

Unstable angina 51 ± 238 0.05 ± 0.259 1.2 ± 10.8 0.7*2 ± 15.4 

Myocardial infarction 83 ± 271 0.10 ± 0.282 1.5 ± 10.4 1.5*3 ± 15 

Syntax: 10 - 20     

Stable angina 41*1 ± 209 0.05 ± 0.222 2.3 ± 10 0.3 ± 15.7 

Unstable angina 49 ± 253 0.06 ± 0.280 1.1 ± 10.8 1.6*2 ± 14.6 

Myocardial infarction 57 ± 264 0.06 ± 0.274 1.6 ± 10.5 1*3 ± 15.4 

Syntax > 20     

Stable angina 52*1 ± 226 0.05 ± 0.220 1.1 ± 9.7 0.4 ± 15.9 

Unstable angina 88 ± 267 0.10 ± 0.302 1.1 ± 11.3 1*2 ± 15.4 

Myocardial infarction 43 ± 237 0.04 ± 0.248 1 ± 10.5 0.5*3 ± 15.8 

Mean Platelet Counts (MPC), Average Platelet Volume (MPV), Platelet Distribution Width (PDW) and Plateletcrit 
(PCT), *1 p value = 0.02; *2p value = 0.02:*3p value = 0.02. 
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active than small platelets. These platelets due to higher levels of thromboxane A2 and 
BTG as well as increased intracellular and surface procoagulant protein have more 
prothrombotic properties. Homeostatically, reactive platelets were larger, and the gra-
nules and receptors have more adhesion. This makes bleeding time (BT) longer in tests 
that shows increased platelet activation. Analysis between the groups showed that an 
average of every four Platelet indices in three study groups was significantly different 
compared to the control group. 

Average MPV in patients with severe coronary artery 10.4 ± 1.37 was higher than a 
study conducted in Turkey [4] and America [3]. In this study the relationship between 
an MPV and extent of CAD based on SYNTAX Score was not observed, but a similar 
study in Turkey [4] reported a positive relationship between them. In this study, a posi-
tive relationship between the amount of PDW and extent CAD based on both methods 
was examined and the extent of CAD was obtained, but in a study in Italy [5], no rela-
tionship found between them. Platelets average a difference among the groups was due 
to the effect of gender and it was not associated with disease. This finding is consistent 
with the results of a study conducted by Khanderkar et al. [6] in India.The effect of the 
disease type on the MPV and PDW was similar to the results of a study conducted by 
Ihara et al. [7] and Tavil et al. [8]. In a cohort study on 1401 patients, a relationship was 
observed between MPV, platelet aggregation, carotid intima thickness and extent of 
CAD [9]. Similar results were obtained in studies conducted by Tavil et al. [10] and 
Halbmayer et al. [11]. PDW indicates changes in platelet size and will provide us with 
useful information compared with the MPV that may indicate the number of reactive 
platelets. Increased MPV may be due to increased production of platelets in the marrow 
that causes larger reticulated platelets to release into the blood stream. In a study, PDW 
was inversely associated with the number of platelets which can be suggestive use of 
smaller platelets and a compensatory increase in large reticulated platelets. Indeed MPV 
is associated with megakaryocyte plyoid and the percentage of circulating reticulated 
platelets. Thus, higher MPV may not suggest greater platelet reactivity and its relation-
ship to the extent and complexity of CAD. In this study no relationship between MPV 
and extent of CAD was observed in any of the groups studied [5]. MPV is associated 
with other prognostic factors such as smoking [12], diabetes [13], obesity [14], which 
may affect initially clinical extent and outcome of CAD. In a study in India [6], PVI 
(Platelet volume indices) in patients with ACS was increased compared to controls and 
patients with stable angina. This result is in agreement with the results of other studies 
and this study. Generalized platelet activation occurs before an acute coronary event. 
Consumption of platelets at the site of atherosclerotic plaque leads to the release of 
larger platelets from the marrow. The fact that this increase even after patient discharge 
time goes on, is indicating a larger volume of chronic platelets in patient with infarction 
[15] [16]. This suggests that PVI and especially MPV is an indicator of the severity of 
injury created and these markers maintain their prospective power and value for a long 
time. But no relationship between elapsed time from MI and MPV has been found in 
some studies. This group also believes that the MPV does not change during the acute 
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phase and is determined by other factors [17]. In a study in India using analysis of lo-
gistic regression, values of MPV > 9.6 fl were associated with the notable risk of the in-
cidence of MI in patients with CAD while Endler et al. reported values of MPV > 6/11fl. 
In this study no relationship was observed between PVI with morbidity and mortality, 
whereas in the study by Martin et al., the MPV was significantly higher in patients who 
had died [6]. 

5. Conclusion  

Our findings suggest that the MPV is associated with a pre-thrombotic state in acute 
ischemic syndromes and larger platelets may have a special role in the infarct. Patients 
with larger platelets are easily identifiable during hematologic evaluations. PVI is a ma-
jor, simple and affordable tool that can be used to predict impending MI [6]. Results 
show the measure of platelet indices may reflect the underlying pathophysiological 
conditions and subsequent clinical events in patients with IHD. The low P-LCR seems 
particularly effective in identifying patients with positive angiographies [7]. Lippi et al. 
showed that MPV in patients with ACS in hospitalization compared with patients with 
non-cardiac angina is higher [18]. At all this study showed that the relationship be-
tween platelet indices with extent of the CAD, and thus we did not find clear relation-
ship between MPV with extent of coronary involvement and many relation may be due 
to effect of sex. Therefore, taking into account other risk factors as the confounding va-
riables, comment in this regards is better to postpone to another study. 

6. Recommendations  

In the study the information contained in the files and based on the first sample of the 
CBC taken from a patient on admission to the emergency or ward was used; as a result 
the samples have been taken by different people and at different time interval of occur-
rence of an accident (especially in acute coronary syndromes) and the technical differ-
ences and the effect of time has not been removed. On the other hand, analysis was 
done with consideration of the confounding effect of the age and gender variables. It 
seems that the design of a study is reasonable by taking all the underlying conditions 
for more accurate conclusion. In total the results of this study consistent with often 
earlier surveys confirmed the relationship between coronary artery disease and platelet 
indices, and demonstrated that a marker from the more activation accordingly a wider 
disease can be in patients with myocardial infarction. According to be high these in-
dices after revascularization, it may be used to assess risk after partial revascularization. 
By controlling all of the underlying factors in more reviews and studies and possibly in 
the future these indices will be considered as coronary risk factors. 
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