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Significance of Platelet Volume 
Indices in STEMI Patients:  

A Case-Control Study

IntrOductIOn
Coronary Artery Disease (CAD) is a well-known  leading cause of 
mortality worldwide [1] and by the year 2020, will be first in the 
leading causes of disability [2]. While the death rates have been 
declining for the past three decades in the West, these rates are 
rising in India. In the last three decades, the prevalence of CAD 
has increased from 1.1% to about 7.5% in the urban population 
and from 2.1% to 3.7% in the rural population [3]. Regardless of 
improvement in primary prevention and treatment Acute Coronary 
Syndrome (ACS) remains the primary cause of death in the United 
States and most developed countries [4]. Almost 50% of all victims 
of MI die before they reach the hospital [5].

ACS results from rupturing of an unstable atherosclerotic plaque, 
followed by a cascade of platelet reactions resulting into thrombus 
formation. Platelets are heterogeneous blood elements with various 
sizes and densities. Chronic atherosclerotic plaque gets converted 
to an occluding thrombus, majorly with the help of platelets. 
Large platelets are denser, aggregation rate is more faster with 
subendothelial collagen, higher production of thromboxane A2 
and greater expression of glycoprotein Ib and glycoprotein IIb/
IIIA receptors [6]. All these features, increases thrombosis, and 
possibility of ACS. Large platelets have also been reported in 
patients with vascular risk factors and been related with myocardial 
damage in ACS, with a negative outcome of acute MI observed in 
survivors [7].

Hence, the present study was undertaken to investigate the 
association of platelet indices on STEMI patients admitted to the 
Tertiary Care Hospital in Southern region of India.

MAtErIALS And MEtHOdS
A case-control study was carried out at the Kasturba Medical 
College, Manipal (Department of Cardiology) from January 2015 
to December 2015. Ethical clearance for study was obtained 

from Institutional Ethics Committee of Kasturba Hospital, Manipal, 
Karnataka, India. 

Sample size was calculated based on standard error obtained in 
pilot study. Sample size was calculated to allow detection of a 30% 
difference in MPV between different groups and with alpha (α) of 0.05 
and power of 0.80. In total, 364 patients were included, 173 patients 
with STEMI, from those patients admitted to the intensive care unit 
and the emergency ward. In addition, 191 healthy non diabetic and 
non hypertensive age-matched controls were enrolled. 

Primary objective was to find the association between platelet 
volume indices in STEMI patients and also to correlate with severity 
of CAD. Severity of CAD was assessed by Gensini Score (GS), from 
the angiographic evaluations [8].

Study Population
People were eligible to be included as cases for the study if they 
met the following criteria: those admitted to cardiology unit of 
Kasturba Hospital with STEMI and diagnosis of STEMI was based 
on third universal definition of MI [9]. Following patients were 
excluded from the study: Subjects with severe renal or hepatic 
impairment, with sepsis or any chronic inflammatory disorders and 
with myeloproliferative neoplasm or other malignancies. Pregnant 
women, patients with thyroid dysfunction or on oral anticoagulant 
therapy were also excluded. 

Controls included patients who were admitted to KMC hospital for 
general health check-up, and who were healthy non-Hypertensive, 
Non-Diabetics and Non-smokers. 

All demographical details and clinical variables of the patients 
were recorded (age, sex, body mass index, diabetes mellitus, 
hypertension and smoking status). Routine laboratory parameters 
were also recorded which consisted of total platelet count, MPV, 
PDW, WBC, Leukocyte count, troponin levels (for cases only).
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ABStrAct
Introduction: Platelets have been well known contributors in the 
pathogenesis of cardiovascular disorders such as atherosclerosis 
and its complications such as acute Myocardial Infarction (MI). 

Aim: To study the changes in platelet volume indices and platelet 
count in ST-Elevated Myocardial Infarction (STEMI) and assess 
their usefulness in predicting coronary events.

Materials and Methods: A case-control observational study was 
carried out on 173 cases diagnosed with STEMI and 191 controls 
from January 2015 to December 2015, considering the inclusion 
and exclusion criteria. In total, 364 patients were included, 173 
patients with STEMI, from those patients admitted to the intensive 
care unit and the emergency ward. In addition, 191 healthy non 
diabetic non hypertensive age-matched controls were enrolled.

results: The mean age of cases was 59.4±11.9 years and 
of controls were 55.25±8.5 years. Males (74.6%) had higher 
incidence of STEMI then females (25.4%). The Mean Platelet 
Volume (MPV) was significantly higher in patients with STEMI 
(10.2±2.8) as compared to controls (8.5±6.9). The Platelet 
Distribution Width (PDW) was also significantly higher in 
cases compared to controls (p<0.05). According to Pearson 
correlation analysis, the positive relationship determined 
between MPV and Gensini score was statistically significant (p 
< 0.001, r = 0.132).

conclusion: High MPV and PDW seem to be an independent 
risk factor for STEMI and correlated with the severity of the 
STEMI. They can be used as a simple, reliable, and economical 
method for predicting an impending acute coronary event.
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Gensini score was higher in Group 2 than in group 1 (58.2±30.3 
vs 52.5±30.7; p=0.237). There was no statistically significant 
relationship between severity of CAD and the two MPV groups (p 
=0.237), by independent sample t-test. 

StAtIStIcAL AnALYSIS
Data were transformed into a computerized database structure. 
An expert statistical advice was sought for Statistical analyses and 
computer assisted using SPSS version 20.0 (Statistical Package 
for Social Sciences). Continuous variables were presented as 
mean±standard deviation, and categorical variables as percentages. 
The normal distribution of the variables was analyzed using the 
Kolmogorov-Smirnov test. An independent sample t-test was 
used to compare continuous variables between the two groups. 
Nonparametric values were compared with the Mann-Whitney 
U test. The Pearson Corelation test was used to determine the 
relationship between two categorical data. A p-value of < 0.05 (5%) 
was considered to be statistically significant.

rESuLtS
The study participants comprised of 364, who were divided into 
two groups: 191 controls and 173 with STEMI. The baseline clinical 
characteristics are depicted in [Table/Fig-1]. Mean age of 173 
cases was 59.4±11.9 years and of 191 controls was 55.25±8.5 
years. Male constituted 67.5% of healthy control, 74.6% of STEMI. 
Female constituted 32.5% of healthy control, 25.4% of STEMI. No 
important differences were observed between two study groups. All 
cardiovascular risk factors were also statistically significant among 
groups [Table/Fig-1].

parameter SteMi 
(n=173)

Control 
(n=191)

p-value

Age (years) mean±SD 59.4±11.9 55.25±8.5 0.125 (non-significant)

Male (%) 129 (74.6) 129 (67.5) 0.141

Female (%) 44 (25.4) 62 (32.5)

BMI (Kg/m2) mean±SD 29.3±3.8 26.3±3.8 <0.001

Family history of CAD (%) 56 (32.4) 12 (6.3) <0.001

Hypertension (%) 89 (51.4) 0 (0)

Diabetics (%) 63 (36.1) 0 (0)

Smoking, current (%) 121 (69.9) 0 (0)

[table/Fig-1]: Baseline characteristics of patients with STEMI and control subjects.

Platelet Parameters
Mean platelet count and platelet indices are presented in [Table/
Fig-2]. Comparative results showed a higher platelet count in STEMI 
group than control and it was significant (273.7±73.2 vs 257.1± 
58.4, respectively, p=0.017). The MPV was significantly larger in 
STEMI cases compared to controls (10.2±2.8 FL vs. 8.5±6.9 FL, 
respectively, p < 0.005). The PDW was also significantly higher in 
cases compared to controls (17.8±2.2 vs 16.3±0.7, respectively, p 
< 0.001) [Table/Fig-2].

According to Pearson correlation analysis, the positive relationship 

platelet parameter SteMi
mean±Sd

Control
mean±Sd

p-value

Platelet count (x103 L ) 273.7±73.2 257.1±58.4 0.017

Mean platelet volume (FL) 10.2±2.8 8.5±6.9 < 0.005

Platelet distribution width (FL) 17.8±2.2 16.3±0.7 < 0.001

[table/Fig-2]: Comparison of platelet parameters values in patients with STEMI 
and Controls *.
All the above tests are conducted using the Independent sample t-test.

determined between MPV and Gensini score was statistically 
significant (p < 0.001, r = 0.132.). Change of MPV, were positively 
correlated with Gensini score, which can reflect the severity of 
coronary artery lesions.

MPV of value>9.0 Fl, was defined as high and the patients were 
divided into 2 Groups—Group 1 (low MPV) and group 2 (high MPV). 
The comparisons of clinical, laboratory properties and Gensini 
scoring of patients in the two groups are shown in [Table/Fig-3]. 

Mpv  Gensini Score  p-value

Group 1 (n= 86) 52.5 ± 30.7
0.237

Group 2 (n = 78) 58.2 ± 30.3

[table/Fig-3]: Association of MPV and Gensini scoring.

Subgroup Analysis
Since the males were more than females in groups, we compared 
the platelet indices in groups divided by gender. Accordingly, there 
were significant differences in terms of platelet count between both 
sexes; platelet count was higher in female than male, p < 0.001. 
Significant differences in MPV was also seen between male and 
female group in the STEMI Cases (p <0.034). PDW was higher in 
males than females in the STEMI cases (18.0±2.4 FL vs 16.9±1.1 
FL, respectively, p<0.001) [Table/Fig-4].

parameters total (n= 364) SteMi (n= 
173)

Control (n=191)

platelet count (x103 l )

Male                                                   255.7±66.9 262.3±73.3 249.2±59.7

Female 287.5±58.9 307.6±62.5 273.6±52.5

p-value <0.001 <0.001 0.007

Mean platelet volume (Fl)

Male 9.2±6.3 9.9±2.7 8.7±0.4

Female 9.3±2.5 10.9±3.0 8.1±0.9

p-value 0.975 0.034 0.632

platelet distribution width (Fl)

Male 17.1±1.9 18.0±2.4 16.2±0.7

Female 16.5±0.93 16.9±1.1 16.3±0.8

p-value < 0.001 <0.001 0.671

[table/Fig-4]: Platelet indices of the patients with STEMI and control based on 
gender.

Pearson correlation analysis was used to determine the correlations 
between platelet count and platelet volume indices among all 
patients. Accordingly, there were moderate and negative correlations 
between platelet count and MPV (r = 0.031, p < 0.001), PDW (r= 
0.108, p < 0.001).

trop t and MPV
The present study showed that there is a positive corelation 
between MPV and Cardiac Troponin T by Pearson correlation test 
(r=0.063, p=0.425). Furthermore positive corelation between MPV 
and Gensini scoring was observed by Pearson correlation test (r= 
0.132, p=0.091).

dIScuSSIOn
STEMI is the leading cause of death globally. For the development 
of atherothrombosis, platelets have a huge part to play. After 
atherosclerotic plaque rupture, platelets get activated. Platelets 
which are bigger in size have a greater mass and are also 
metabolically and enzymatically more active than smaller platelets 
[10]. These platelets which are haemostatically reactive and larger 
have more granules and adhesion receptors and net effect is 
reduced bleeding time indicating increased activation [11]. They 
have a greater prothrombotic potential, with higher levels of 
intracellular thromboxane A2 and beta thromboglobulin levels, as 
well as increased levels of procoagulant surface proteins [12].
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The platelet activity and function can be best assessed by platelet 
volume indicators like MPV and PDW rather than Platelet Count (PC) 
as they increase during platelet activation. PDW directly measures 
the variability in platelet size, and its high values could suggest 
larger production of larger reticulated platelets. Several studies 
have demonstrated that an elevated MPV has been associated with 
increased vascular ischemic events and also have been found to 
be associated with increased mortality and morbidity and recurrent 
MI [10]. Hence, platelet volume parameters are simple and reliable 
biomarker to predict coronary events.

The current study examined the relationship between platelet 
parameters mainly PC, MPV and PDW and the occurrence of 
STEMI in patients from the Southern region of India. We found that 
patients with STEMI tend to have significantly larger MPV and PDW 
(which both reflect the platelet volume) than the control group. While 
no statistically significant difference was detected regarding the PC 
between the two groups. Lippi G et al. have demonstrated in a large 
scale study that MPV at admission is higher in STEMI compared 
to those with chest pain of non cardiac origin [7]. Likewise, similar 
observations were made by other investigators, where MPV was 
found to be higher in patients with STEMI compared to healthy 
controls [13,14]. The results of the present study are comparable 
with studies by Martin JF et al., and by Senaran H et al., from India 
which showed MPV was significantly higher in those patients who 
has MI, compared with healthy group [15,16].

In the present study, we demonstrated that there is no statistical 
difference for Gensini scoring between patients with low and 
high MPV values. However, correlation analysis showed positive 
associations between MPV with Gensini scoring.

In accordance with present study, several studies have reported that 
there is no relationship between MPV or PDW and the extent of CAD 
[17-20]. MPV has been shown to associate with both megakaryocyte 
ploidy and with the percentage of circulating reticulated platelets 
[21]. Additionally, a positive correlation between thrombopoietin 
levels and MPV values has been demonstrated in CAD [16]. Thus, 
larger platelet volume may not imply higher platelet reactivity shown 
to be related to the extent and complexity of CAD [16]. Furthermore, 
it may even be associated with reduced aggregation, since larger 
platelets may be precursors of mature platelets. In another large 
scale study conducted in 2009, De Luca G et al., and colleagues 
[17] found that there were no correlations between MPV and 
platelet activity and the extension of CAD according to coronary 
angiography and carotid intima media thickness.

The study definitely has several limitations, such as the follow up of 
the patients was not possible to examine the prognostic value of 
our findings and to examine correlation between the high MPV and 
mortality rate. Further studies could be carried out to investigate 
other known risk factors for STEMI (smoking, Hypertension, 
Diabetics etc.,) in controls, which can act as confounding factors.

However, platelet indices remains as good prognostic marker not 
requiring any expensive technology and can be easily adapted in 
clinical setup as routine testing.

cOncLuSIOn
High MPV and PDW seem to be an independent risk factor for STEMI 
and correlated with the severity of the coronary atherosclerosis. This 
is a simple, reliable, and economical method that indicates platelet 
activation and predicts the risk of STEMI.

rEFErEncES
 American Heart Association/American Stroke Association statistical data on [1]

highlights of acute coronary syndrome, 2005. 
 Murray CJ, Lopez AD. Mortality by cause for eight regions of the world: Global [2]

burden of disease study. Lancet. 1997;349:1269-76. 
 Chadha SL, Radhakrishnan S, Ramachandran K, Kaul U, Gopinath N. [3]

Epidemiological study of coronary heart disease in urban population of Delhi. 
Indian J Med Res. 1990;92:424-30.

 Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G, et al. [4]
Executive summary: heart disease and stroke statistics – update: a report from 
the American Heart Association. Circulation. 2010;121(7):948–54.

 Kannel WB, Wilson PW, D’Agostino RB, Cobb J. Sudden coronary death in [5]
women. Am Heart J. 1998;136(2):205–12.

 Slavka G, Perkmann T, Haslacher H, Greisenegger S, Marsik C, Wagner OF, [6]
et al. Mean platelet volume may represent a predictive parameter for overall 
vascular mortality and ischemic heart disease. Arterioscler Thromb Vasc Biol. 
2011;31(5):1215–18.

 Lippi G, Filippozzi L, Salvagno GL, Montagnana M, Franchini M, Guidi GC, et [7]
al. Increased mean platelet volume in patients with acute coronary syndromes. 
Archives of Pathology & Laboratory Medicine. 2009;133(9):1441-43.

 Gensini GGMD. Chapter The pathological anatomy of the coronary arteries of [8]
man. In: Gensini GGMD, ed. Coronary arteriography. Mount Kisco, New York: 
Futura Publishing Co.; 1975:271-74.

 Thygesen K, Alpert JS, White HD. Joint ESC/ACCF/AHA/WHF task force for the [9]
redefinition of myocardial infarction. Universal definition of myocardial infarction. 
Eur Heart J. 2007;28:2525–38. 

 Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboon JW, Konkle B, et al. Mean [10]
platelet volume as predictor of cardiovascular risk: a systemic review and meta- 
analysis. J Thromb Haemostat. 2010;8:148-56.

 Ihara A, Kawamoto T, Matsumoto K, Shouno S, Hirahara C, Morimoto T, et [11]
al. Relationship between platelet indexes and coronary angiographic findings 
in patients with ischemic heart disease. Pathophysiology of Haemostasis and 
Thrombosis. 2007;35(5):376-79.

 Martin JF, Trowbridge EA, Salmon G, Plumb J. The biological significance of [12]
platelet volume: its relationship to bleeding time, platelet thromboxane B 2 
production and megakaryocyte nuclear DNA concentration. Thrombosis 
Research. 1983;32(5):443-60.

 Khandekar MM, Khurana AS, Deshmukh SD, Kakrani AL, Katdare AD, et al. [13]
Platelet volume indices in patients with coronary artery disease and acute 
myocardial infarction: an Indian scenario. J Clin Pathol. 2006;59:146–49.

 Ridvan M, Cengiz D, Imdat D, Muntecep A, Murat A. Mean platelet volume in [14]
acute coronary syndrome. Van Tip Derg. 2010;17(3):89–95.

 Martin JF, Plumb J, Kilbey RS, Kishk YT. Changes in volume and density of [15]
platelets in myocardial infarction. BMJ (Clin Res Ed). 1983;287:456–59.

 Senaran H, Ileri M, Altinbas A, Kosar A, Yetkin E, Ozturk M, et al. Thrombopoietin [16]
and mean platelet volume in coronary artery disease. Clinical Cardiology. 
2001;24(5):405-08.

 De Luca G, Venegoni L, Iorio S, Secco GG, Cassetti E, Verdoia M, et al. Novara [17]
atherosclerosis study group. Platelet distribution width and the extent of coronary 
artery disease: results from a large prospective study. Platelets. 2010;21(7):508-
14.

 Tavil Y, Sen N, Yazıcı HU, Hızal F, Abacı A, Cengel A. Mean platelet volume in [18]
patients with metabolic syndrome and its relationship with coronary artery 
disease. Thrombosis Research. 2007;120(2):245-50.

 De Luca G, Santagostino M, Secco GG, Cassetti E, Giuliani L, Franchi E, et al. [19]
Mean platelet volume and the extent of coronary artery disease: results from a 
large prospective study. Atherosclerosis. 2009;206(1):292-97.

 Halbmayer WM, Haushofer A, Radek J, Schön R, Deutsch M, Fischer M. Platelet [20]
size, fibrinogen and lipoprotein (a) in coronary heart disease. Coronary Artery 
Disease. 1995;6(5):397-402.

 Smith NM, Pathansali R, Bath PM. Altered megakaryocyte–platelet– haemostatic [21]
axis in patients with acute stroke. Platelets. 2002;13(2):113–20.

partiCularS OF COntriButOrS:
1. Registrar, Department of Cardiology, Kasturba Medical College, Manipal, Karnataka, India.
2. Professor and Head, Department of Cardiology, Kasturba Medical College, Manipal, Karnataka, India.
3. Intern, Department of Pharmacy Practice, Kasturba Medical College, Manipal, Karnataka, India.
4. Intern, Department of Pharmacy Practice, Kasturba Medical College, Manipal, Karnataka, India.
5. PhD Scholar, Department of Cardiology, Manipal, Karnataka, India.

naMe, addreSS, e-Mail id OF the COrreSpOndinG authOr:
Dr. Sravan K Reddy,
Registrar, Department of Cardiology, Kasturba Medical College, Manipal-576104, Karnataka, India.
E-mail: sravanr69@gmail.com

FinanCial Or Other COMpetinG intereStS: None.

Date of Submission: Oct 21, 2016
Date of Peer Review: nov 21, 2016
Date of Acceptance: dec 30, 2016

Date of Publishing: apr 01, 2017


