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Introduction and objective: ST elevation myocardial infarction (STEMI) is caused by formation of a thrombus at a
ruptured atheromatous plaque. Larger platelets are enzymatically and metabolically more active and play a cru-
cial role in thrombus formation. Our objective was to study the association between platelet volume indices
(mean platelet volume (MPV) and platelet distribution width (PDW)) and STEMI.
Methods: A hospital-based case control study to compare the platelet indices of 52 STEMI patients before
commencing antiplatelet therapy and age and gender matched 52 controls who had no history of ischemic
heart disease or antiplatelet therapy. Blood samples were collected to EDTA bottles and analyzed using Mindray
BC 6800 automated analyzer.
Results: STEMI patients had significantly increasedmeanMPV and PDWcompared to the control group ((8.22±
0.99 fL vs 7.74± 0.69 fL, p=0.005) and (15.81± 0.41 fL vs 15.62 ± 0.33 fL, p=0.007) respectively). Significant
positive correlation existed between MPV and PDW (R = 0.556, p = 0.000) and weak negative correlation
in platelet count with MPV (R = −0.323, p = 0.019) and PDW (R = −0.309, p = 0.026) of STEMI patients.
Receiver Operating Characteristic (ROC) curves showed that MPV and PDW with cutoff values of 7.55 fL, 15.55 fL
and with Area under the curve (AUC) of 0.640, 0.620 respectively. The sensitivities and specificities were
found to be 73.1%, 69.2% and 61.5%, 55.8% for MPV and PDW respectively.
Conclusion: IncreasedMPV and PDWwere found to have a significant associationwith STEMI and this test has the
potential to be used as a preliminary test to identify high-risk patient for myocardial infarction.

© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Myocardial infarction causes themost number of deaths in both de-
veloped and developing countries [1,2]. Sudden occlusion of the coro-
nary artery by a thrombus leads to myocardial infarctions. According
to the estimations ofWorld Health Organization [3], 1 in every 3 people
(31% of all deaths) die of cardiovascular diseases in developed countries
and coronary artery disease is the most common cause for those. In
Sri Lanka, 40% of deaths of non-communicable diseases were due to
coronary artery disease [3]. Mortality due to coronary heart diseases
in Sri Lanka is 25.7% (32,582 deaths) and the age adjusted death rate
d, Pitakotte 10100, Sri Lanka.
itigala).
eliability and freedom from bias

. This is an open access article under
was 154.7 per 100,000 of Sri Lankan populations which rank Sri Lanka
in number 31 in the world [3].

Platelets play a crucial role in the thrombus formation after the rup-
ture of an atherosclerotic plaque. There will be increased release of
larger platelets with more dense granules that are highly active meta-
bolically and enzymatically. Platelets with greater prothrombotic po-
tential have higher levels of thromboxane A2, beta thromboglobulin,
and intracellular and surface procoagulant proteins. More reactive
platelets will undergo morphological changes in the cell by forming
pseudopodia, thus participating in the thrombus formation. As a result,
platelets will become larger and reactive, thus increasing the platelet
volume indices; MPV and PDW [4,5].

MPV and PDW are platelet volume indices obtained from the
full blood count (FBC). Although MPV measures the average size of
platelets, it is also considered as amarker of platelet function and activa-
tion. High MPV values indicate hypercoagulability of the platelet
or thrombosis [6–10]. PDW reflects the variance in platelet size due to
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Baseline characteristics and platelet parameters in STEMI and controls.

STEMI group
(n = 52)

Control group
(n = 52)

p value⁎

Gender
Male 43 (83%) 43 (83%)
Female 9 (17%) 9 (17%)

Age (years) 55.9 ± 7.8 55.6 ± 8.0 0.054
Minimum 40 39
Maximum 69 69

Platelet count (×109 /L) 233.9 ± 58.9 246.9 ± 67.4 0.276
Minimum 156 151
Maximum 450 420

MPV (fL) 8.2 ± 0.1 7.7 ± 0.7 0.005
Minimum 6.5 6.1
Maximum 10.4 8.9

PDW (fL) 15.8 ± 0.4 15.6 ± 0.3 0.007
Minimum 15.1 14.9
Maximum 16.9 16.3

fL: femtoliter, MPV: Mean Platelet Volume, PDW: Platelet Distribution Width.
Values are presented as mean± SD.
*p b 0.05 was considered statistically significant.
All the individuals of the selected population were Sri Lankan Sinhalese.

Table 2
Correlation between platelet parameters of STEMI and control groups.

STEMI
(n = 52)

Control
(n = 52)

Platelet count and MPV
r −0.323 −0.254
r2 (%) 10.4 6.4
p value* 0.019 0.069

Platelet count and PDW
r −0.309 −0.166
r2 9.6 2.8
p value* 0.026 0.240

MPV and PDW
r 0.556 0.410
r2 31 16.8
p value* 0.000 0.003

MPV: Mean platelet volume, PDW: Platelet distribution width.
*p b 0.05 was considered statistically significant.
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active platelet release. The PDW increases when there are increased
numbers of larger platelets aswell as smaller platelets in the circulation.
It indicates the heterogeneity of platelet sizes by providing the relative
width of distribution of platelets by volume. It could also be used as a
marker of platelet reactivity as well as an index for short termmortality
of coronary artery disease and the risk of thrombolysis failure [11].
Further, PDW is considered as a more specific parameter for the activa-
tion than MPV, as it does not increase during simple platelet swelling
[12–19].

Our aim was to study the association between platelet indices and
STEMI patients compared to a control group and assess the possibility
to use them in the preliminary diagnosis of STEMI.

2. Material and methods

A case control study was carried out at the Teaching Hospital,
Kurunegala, Sri Lanka from 1st of June 2017 to 1st of October 2017.
The ethical approval for the study was obtained from the ethical review
committee of Teaching Hospital, Kurunegala.

The sample size was calculated to allow the detection of 30% dif-
ference in MPV and PDW between groups and α of 0.05. A total of
104 patients who presented to the emergency department were en-
rolled in the study.

Two groups were enrolled in the study, each consisting of 52 pa-
tients. Patients N 18 years were included in the study.

Group A: Patients presented with myocardial infarction for the 1st
time and diagnosed as STEMI by 12‑lead electrocardiogram were
selected as the study group.

Group B: Age and gender matched controls who had no history of
coronary artery diseases or other cardiac disorders and admitted only
due to trauma were enrolled.

Patients having any previous long term medical problems and drug
therapies, primary platelet disorders, bleeding/clotting disorders, any
other cardiac related problems, cancers and chronic kidney disorders
with eGFRb60 mL/min/1.73 m2 , pregnancy and blood transfusions
within 3 months prior to the study were excluded.

Blood samples were collected to dipotassium ethylenedinit-
rotetraacetic acid (EDTA) tubes prior to the antiplatelet therapy. All
the other data were obtained from the patient's history after getting
their consent. Fully automated, daily quality control monitored 5-part
Mindray 6800 BCE analyzer was used for full blood count analysis in-
cluding platelet indices (platelet count, MPV and PDW).

2.1. Statistical analysis

All clinical and laboratory data analysis was done using statistical
software; SPSS version 23.0.0.0 (released 2015, IBM statistics for
Windows version 23, IBM Corp., Armonk, NY). Descriptive analysis
was done for social-demographic characteristics and laboratory test
data. Association between the parameters was analyzed using Paired
t-test, one-way ANOVA and linear regression analysis. Receiver operat-
ing characteristic curve (ROC) were obtained for MPV and PDW.

The p-value b 0.05 was considered as a significant association be-
tween the parameters. Data were expressed asmean± SD. Normal ref-
erence range of platelet count was taken as 150–450 × 109 /L, for MPV;
6.1–12.0 fL and for PDW; 9–17 fL which were used as reference ranges
at Teaching Hospital, Kurunegala.

3. Results

A total of 104 patients were selected and divided into two groups of
52 each, who were diagnosed as STEMI group and age and gender
matched controls. Majority of the STEMI patients were males (83%).
The baseline characteristics and platelet parameters were depicted in
the Table 1.
Platelet count was not significantly different among groups
(p = 0.276), although its value is slightly higher in controls than
the STEMI group. MPV was significantly higher in STEMI patients
than that of control group (p = 0.005). PDW was also significantly
higher in STEMI group compared to the control group (p = 0.007)
(Table 1).

Linear regression analysis was performed to determine the correla-
tions between platelet count and platelet volume indices among both
groups. Accordingly, there were statistically significant weak negative
correlation between platelet count and MPV (r=−0.323, r2 = 10.4%,
p = 0.019), PDW (r = −0.309, r2 = 9.6%, p = 0.026) and strong
positive correlation between MPV and PDW (r=0.556, r2 = 31.0%,
p=0.000) of STEMI group. However, the correlation between plate-
let count and MPV (r = −0.254, r2 = 6.4%, p = 0.069), and PDW
(r = −0.166, r2 = 2.8%, p = 0.240) were not significant in control
group and there was a moderately positive correlation between MPV
and PDW (r=0.410, r2 = 16.8%, p=0.003) (Table 2).

Furthermore, ROC curve analysis was performed to obtain optimum
cut-off values at maximum sensitivity and specificity that were
useful diagnostic tool to detect STEMI cases from controls (area under
curve (AUC) = 0.620, 95% confidence interval (CI) 0.513–0.727;
AUC= 0.640, 95% CI 0.533–0.747 for PDW and MPV respectively). The
best cut-off points, sensitivity, specificity for identifying STEMI for
PDW and MPV were 15.55 fL, 69.2%, 55.8% and 7.55 fL, 73.1%, 61.5%
respectively.
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4. Discussion

Coronary artery disease is the leading cause of mortality and mor-
bidity all over the world. Platelets play a major role in thrombus forma-
tion in the pathogenesis of myocardial infarction during atherosclerotic
plaque rupture. Platelets become larger in size and become metaboli-
cally and enzymatically active due to formation of dense granules. The
platelet size and reactivity can be easily measured by platelet volume
indices, MPV and PDW, obtained from FBC.

The current study examined the association of MPV and PDW with
STEMI patients at Kurunegala Hospital, Sri Lanka. There were two hy-
potheses developed in assessing the parameters. In the first hypothesis,
activated platelets have an increase in size. Second,more platelet activa-
tion and aggregation will lead to release of younger platelets from bone
marrow, hence there is a heterogeneity in the size of platelets in circu-
lation. We found that the patients with STEMI had significantly higher
MPV and PDW compared to the control group, while no statistical dif-
ference regarding platelet count although it is higher in controls than
cases. Based on the results of MPV and PDW, it has clearly supported
the confirmation of above hypothesis as highMPV indicates the increase
in average size of platelets whereas high PDW indicated the reactivity
and heterogeneity in size of platelets.

Both control and study populations of this study were selected from
the emergency department of the same hospital to maintain the study
population from the same area. Accordingly control group consisted of
trauma patients admitted to the emergency department of the same
hospital except the normal population. As traumatic patients didn't
show any thrombotic conditions at the time of clinical diagnosis, their
MPV and PDW values were in normal range.

However, in previous studies, there had been a significant difference
ofmean platelet counts between cases and controls [1,6,23].Most of the
studies have shown thatMPVwas significantly higher in cases than con-
trols [1,6,22,23]. whereas in some it was not significant [20]. PDW is
significantly higher [1,6,20–23] in cases than controls (Table 3).

Reddy et al. [21] selected 173 STEMI patients and 191 controlswhere
MPV and PDW were significantly higher than controls and 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. Similarly,
Akula et al. [20] has done the study on 60 STEMI and 60 control indi-
viduals while Patil et al. (2017) had 25 individuals in each STEMI and
Table 3
Comparison of platelet parameters of previous studies.

Publisher Parameter Cases Controls P value

Sharma et al. [1] Platelet count 264 285 0.001
MPV 10.3 8.1 b0.001
PDW 15.1 10.7 b0.001

Adel et al. [6] Platelet count (×109 /L) 261 252 0.002
MPV (fL) 10.4 10.2 0.041
PDW (fL) 15.3 15.5 0.030

Akula et al. [20] Platelet count – – –
MPV 11.6 10.5 0.04
PDW 17.3 15.2 0.0001

Cetin et al. [21] Platelet count 278.1 27.1 0.532
MPV 8.8 8.6 0.003
PDW 17.2 16.4 b0.001

Patil et al. [22] Platelet count – – –
MPV 10.5 9.7 0.000
PDW 13.9 12.8 0.000

Reddy et al. [23] Platelet count 273.7 257.1 0.017
MPV 10.2 8.5 b0.005
PDW 17.8 16.3 b0.001

Present study Platelet count 233.9 246.9 0.276
MPV 8.2 7.7 0.005
PDW 15.8 15.6 0.007

fl: femtoliter, MPV: Mean Platelet Volume, PDW: Platelet Distribution Width.
Values are presented as mean± SD.
*p b 0.05 was considered statistically significant.
control groups. Both these study have shown that MPV and PDW
were significantly higher in STEMI than controls and hence could be
used as a simple, reliable and readily available parameter in predicting
the severity of STEMI (Table 3). The results of the above two studies in-
cluding the population size were much comparable with the results of
the present study. Hence, significance in MPV and PDW of present
study could resemble the importance of those parameters in predicting
the severity of STEMI as a simple and cost-effective method.

Moderately and strongly positive correlations between MPV and
PDW in STEMI and control groups express that the parameters are
directly associated with platelet characteristics. Highly prothrombotic
larger platelets will increase MPV while simultaneously increasing
the PDW as there are both smaller and larger platelets in circulation
(heterogeneity in size).

As there was a significant difference between STEMI and the control
group, establishment of a cutoff value for MPV (7.55 fL) and PDW
(15.55 fL) would be beneficial to use them as screening parameters for
CAD patients and contrast them from non-coronary artery disease pa-
tients in the routine practice. Since AUC values of MPV (AUC= 0.620)
and PDW (AUC= 0.640) of our study were in the fair range of AUC in-
terpretation, it is normal to have cut off values closer to themean values
of MPV and PDWof the control group. Other than above reason, the low
values for AUC, fair sensitivity and specificity for above parameters may
be due to the small sample size selected under a broad range of exclu-
sion criteria. Our population was pure although the population size
was small, as subjects were not under any drug therapy before the
blood collection.

The measured parameters of MPV and PDW in current study are
comparable with those of previous studies, which showed that those
parameters can be used as diagnostic tests [1,6,13,15,16]. Platelet
volume indices are markers that can be easily adapted in the routine
clinical setup to assess the risk of a STEMI.

The limitations of this study include small size of the study popula-
tion and not following-up the patients to examine the prognostic
value of our findings. Further large-scale studies are required to evalu-
ate the diagnostic and prognostic values of these parameters.

5. Conclusion

Current study clearly showed that MPV and PDWwere significantly
increased in STEMI patients than the control group. The developed cut-
off values in a fair sensitivity and specificity could be used in clinical
practice. Thus, the MPV and PDW has the potential to be used as a pre-
liminary test to identify high-risk patients for myocardial infarction
along with other supportive clinical investigations.

Measurements and abbreviations

MPV and PDWwas expressed in fL (femtolitres). Platelet count was
given in (×109 /L).

MPV: Mean Platelet Volume; PDW: Platelet Distribution Width;
STEMI: ST Elevated Myocardial Infarction
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