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Introduction

Stroke is themost common neurological disorder worldwide
and a leading cause for death and disability in world popula-
tion after coronary artery disease.1 Acute ischemic stroke

(AIS) contributes to 87% of cases, primary intracerebral
hemorrhage (ICH) for 10%, and subarachnoid hemorrhage
(SAH) for the remaining 3%.2 Stroke is associated with an
increased long-term morbidity in terms of physical,
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Abstract Background Stroke is the second leading cause ofdeath in theworld and amajor cause of
disability, with ischemic stroke contributing to 87%of all strokes. Platelets are central in the
formation of thrombus, and in the process, they enlarge in size, becomeactive, and secrete
prothrombotic factors. This is supported by the presence of large platelets in ischemic
stroke, where they may be implicated in the pathogenesis of vessel occlusion, leading to
stroke. The mean platelet volume (MPV) is an important laboratory marker of platelet
function and activation.
Materials andMethods The present study was conducted to assess the role of MPV in
the pathogenesis, severity, and outcome of ischemic stroke. It was an observational
study in 100 acute ischemic stroke (AIS) patients (excluding cardioembolic stroke)
admitted to the Medicine wards, Department of Medicine, Jawaharlal Nehru Medical
College, a tertiary care hospital at Aligarh. The MPV was correlated with the
conventional risk factors of ischemic stroke and outcome (using modified Rankin scale
[mRS]). The study revealed statistically significant correlation between MPV and
hypertension, type 2 diabetes mellitus, and carotid intima media thickness (CIMT).
Also, the MPV at presentation positively correlated with mRS (correlation coefficient
0.818); thus, high MPV was associated with more severe disability.
Conclusion The MPV at the time of presentation of ischemic stroke may be useful in
predicting the severity of stroke and neurological recovery. However, a larger study
including diverse population is required to endorse its predictive value in AIS.
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behavioral, and cognitive defects. The important risk factors of
stroke are hypertension, diabetes mellitus, dyslipidemia,
smoking, andcardiovasculardisease.3Platelets have classically
been associatedwith hemostasis and thrombosis. But over the
past years, they have been demonstrated to play an integral
part in the pathogenesis of atherosclerosis through inflamma-
tion and also in its progression.4 The function and activity of
platelets can be determined bymeasurement ofmean platelet
volume (MPV), as activated platelets assume large size. It can
be correlated with increased platelet aggregation, thrombox-
ane synthesis, β-thromboglobulin release, procoagulant
function, and expression of adhesion molecules.5

In myocardial infarction (MI), platelets contribute to
thrombus formation after rupture of atherosclerotic plaque
in a coronary artery. Hence, increased MPV, indicating more
active platelets are a risk for MI.6 Although there have been
large number of studies in literature to demonstrate an
association between MI and platelet size, very few studies
have explored the association between thrombomegaly and
ischemic stroke. Hence, an attempt has been made to study
the association between MPV and ischemic stroke.

Materials and Methods

The study was an observational, hospital-based study con-
ducted at the Department of Medicine, J.N.M.C.H, AMU,
Aligarh from July 2017 to January 2019. The study had
institutional ethics committee permission, and the proce-
dures followed in the study were in accordance with institu-
tional guidelines and a predesigned proforma.

Clinically, stroke was defined as focal neurological deficit
of abrupt onset lasting more than 24hours or leading to
deathwith no evidence of a nonvascular cause.7We recruited
100 adult patients diagnosed with AISwho presented within
48 hours of onset of symptoms. All the participants or valid
surrogate respondent of the patients provided informed and
written consent before enrolment in the study.

Exclusion Criteria

1. Cardioembolic stroke.
2. Hemorrhagic stroke.
3. Hereditary disorders of large platelets.
4. Patients having thrombocytopenia.
5. Patients with history of hematological malignancies,

procoagulant conditions.
6. Patients who were thrombolysed, patients on medica-

tions causing thrombocytopenia: hydroxyurea, antineo-
plastic agents, inhibitors of the platelet integrin αIIbβ3.

7. Patients with history of CKD, CLD, previous stroke.
8. Patientswith autoimmunedisorders, systemicmalignan-

cy, active infection
9. Patients who are unable to give consent due to aphasia,

dementia, or altered sensorium and had no valid surro-
gate respondent.

10. Patients presenting 48 hours after the onset of neurolog-
ical symptoms.

At baseline, demographic data (age and sex) and history of
conventional cerebrovascular risk factors like systemic
hypertension, type 2 diabetes mellitus, dyslipidemia and
smoking were obtained. The clinical severity at the time of
presentation was assessed using modified Rankin’s scale
(mRS). The MPV was estimated by automated Nihon Kohden
MEK-6420p Coulter machine. All data were analyzed by
using SPSS software version 23.

Observation and Results

In the study, the mean age of population was 61.22 years.
Male preponderance was observed among study subjects,
withmales (60%) outnumbering females (40%). Themean age
of presentationwas higher inmales (62.53�10.627 years) as
compared with females (59.25�13.61 years). The most
common risk factor for stroke was hypertension (64%),
followed by type 2 diabetes mellitus (42%) (►Table 1).

The pattern of MPV in the patients was observed; 40% of
patients had MPV between 5 to 7.5 fl, 30% had MPV between
7.5 to 10 fl, and 27% had MPV above 10 fl.

ThemeanMPVof hypertensiveswas 9.570�1.9961 fl and
of nonhypertensives was 6.169�0. 9899 fl (p-value – 0.00,
p<0.05). ThemeanMPVof patients having HbA1C� 6.5 and
HbA1C<6.5 was 10.013�1.7581 fl and 6.466�1.2990 fl,
respectively (p-value – 0.045, p<0.05). The mean MPV
of patients with carotid intima media thickness (CIMT)
� 0.7mmwas 9.557�2.2095 fl, while mean MPVof subjects
with CIMT<0.7mm was 6.805�1.4988 fl (p-value – 0.022,
p<0.05). Thus, among the risk factors for ischemic stroke
hypertension, type 2 diabetes and CIMT were found to be
significantly associated with MPV (►Table 2).

Table 1 Characteristics of study population

Number Percentage (%)

Male 60 60

Female 40 40

< 40 years 6 6

41–60 years 46 46

> 60 years 48 48

Smoker 40 40

Nonsmoker 60 60

Alcoholic 16 16

Nonalcoholic 84 84

Hypertensive 64 64

Nonhypertensive 36 36

Diabetic 42 42

Nondiabetic 58 58

LDL-C<130mg/dL 45 45

TG> 150mg/dL 69 69

TC>200mg/dL 60 60

Abbreviations: LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglycerides.
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The clinical severity of stroke was assessed using mRS at
the time of admission. The scale ranges from 0 to 6 with mRS
0 signifying no disability and a score of 6 implying death. As
much as 24% of patients had mRS 2, 23% had mRS 4, 21% had
mRS 5, and 17% hadmRS 1. Therewere no patients withmRS
0 and 6. The MPVof patients in eachmRSwas compared. The
mean MPV of study population with mRS 1, 2, and 3 were
5.7 fl, 6.5 fl, and 8.4 fl, respectively, while the patients having
severe functional impairment with mRS 4 and mRS 5 were
having MPV 10.1 fl and 10.6 fl, respectively (►Fig. 1).

The study subjectswere categorized into two groups, based
on mRS. Group 1 included patients with mRS � 2 and group
2 patients had mRS � 3. The mean MPV of group 2 was
9.851�1.7604 fl, which was significantly higher than mean
MPVof group 1 (6.180�1.0743 fl). This result was statistically
significant. (p value – 0.001, p<0.05). The correlation of MPV
with mRS was calculated using Pearson formula. Pearson
correlation coefficient was 0.818; thus, the correlation was
statistically significant (►Table 3; ►Fig. 2).

Discussion

Themean age of study subjectswas 61.22�11.9 years, which
is much lower compared with Western studies, as reported

byO’Malley et al (79.5�6.5 years),8 Pikija et al (78),9Muscari
et al (78),10 and is comparable to a study done by Bath et al
(65�9 years).5 Thus, it signifies that the mean age of Indian
population is less compared with Western studies, as

Table 2 MPV and risk factors for AIS

Risk factors n Mean MPV Standard deviation Standard error mean p-Value

Gender

Male 60 8.623 2.4422 0.3153 0.302

Female 40 7.930 2.1976 0.3475

Age (years)

< 60 36 7.992 2.3728 0.3955 0.911

� 60 64 8.584 2.3389 0.2924

Smoking

Smoker 40 9.533 2.2156 0.3503 0.255

Non-smoker 60 7.555 2.1253 0.2744

Alcoholism

Alcoholic 16 10.713 1.7689 0.4422 0.038

Nonalcoholic 84 7.895 2.1903 0.2390

LDL-C

� 130 45 8.547 2.3783 0.3545 0.874

< 130 55 8.182 2.3555 0.3176

Hypertension

Hypertensive 64 9.570 1.9961 0.2495 0.000

Nonhypertensive 36 6.169 0.9899 0.1650

HbA1C

� 6.5 53 10.013 1.7581 0.2415 0.045

< 6.5 47 6.466 1.2990 0.1895

CIMT (mm)

� 0.7 56 9.557 2.2095 0.2953 0.022

< 0.7 44 6.805 1.4988 0.2260

Abbreviations: AIS, acute ischemic stroke; CIMT, carotid intima media thickness; LDL-C, low-density lipoprotein cholesterol; MPV, mean platelet volume.

Fig. 1 Clinical severity of stroke (modified Rankin scale [mRS]) and
mean platelet volume (MPV) in study population.
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reported by Shah et al, where mean age of ischemic stroke
was 58 years.11 The mean age of female participants was
59.25�13.61 years, whereas the mean age of males was
62.53�10.63 years. In a recent study among the urban
Indian population, the incidence of ischemic stroke was
higher in males than in females less than 65 years but
dramatically increased after 65 years of age.12 The preva-
lence of modifiable risk factors like smoking and drinking is
more among Indian males than females.13

The major risk factors for stroke were studied; among
them, hypertension (64%) was the most prevalent risk factor
present in study subjects. The results were comparable to a
study among the urban population in Calcutta in 2001,
where hypertension was found to be the most common
risk factor.14 The studies conducted by Muscari et al
(84.7%)10 and Pikija et al (82.7%)9 also showed hypertension
as the most prevalent risk factor.

The mean MPV of study patients was 8.392�2.3609 fl.
The mean MPV of study subjects by Shah et al11 was
11.86þ0.96 fl and by O’malley T et al8 was 11. 3 fl. The
mean MPV values of study by Butterworth and Bath were
8.04�1.04 (7.69�0.83) for EDTA and 7.35�1.05
(7.09�0.74) for citrate.7 The mean MPV in study by Muscari
et al in stroke patients was 8.30�1.10 fl.10 This variation in
MPV may be attributed to the type of anticoagulant used, as
EDTA leads to more swelling of platelets compared with
citrate. Also, the timing of sample collection after stroke and
the type of automated cell analyzers used in different studies
may contribute to this discrepancy in the values of MPV.

In our study, averageMPV inhypertensiveswas9.570fl and
in nonhypertensives was 6.169fl. This difference in MPV was
statistically significant between the two groups with p-value
of 0. 000. Similar observationsweremadeby Coban et al15 and
Varol et al,16 who showed significant elevation of MPV in
hypertensives. Cobanet al alsoobservedpositive correlationof
MPV with ambulatory diastolic blood pressure in essential
hypertension (p<0.05) and postulated that activated plate-
lets, represented asMPV in laboratory parameters, are actively
involved in atherogenesis. Even the prehypertensive patients
had statistically significant elevation of MPV compared with
controls.16 Gang in a retrospective cohort study observed that
elevatedMPVwas associatedwith hypertension, independent
of other risk factors for hypertension like age, sex, waist
circumference, creatinine, and smoking.17

Diabetes being a procoagulant state, patients are at risk of
any thrombotic event. In our study, the glycemic control of
patients was comparedwithMPV. ThemeanMPVof patients
having HbA1c more than or equal to 6.5 was 10.013, while
mean MPV of those with HbA1c less than 6.4 was 6.466. The
p-value was 0.045(p<0.05); thus, the result was significant.
A study by Patil et al showed that MPV in patients with
diabetes mellitus was significantly high (10.16�0.89 fL)
compared with nondiabetic patients (8.25�0.91 fL;
p<0.001).1 The increase in the platelet activity may be
attributed to the osmotic effect of glucose, nonenzymatic
glycation of platelet membrane proteins, and activation of
protein kinase C.18

The normal range of CIMT in healthy adults is 0.6 to
0.7mm and values � 1mm are considered a risk factor for
stroke. Jacoby et al19 and Lorenz et al20 observed that CIMT
value has a direct correlation with ischemic stroke and may
be a noninvasive predictor of future ischemic stroke
incidence.

ThemeanMPVof patients with CIMT 0.7mm ormorewas
9.557 fl, while mean MPV was 6.805 fl in patients with CIMT
less than 0.7mm. This difference was statistically significant
with p-value of 0.022 (p<0.05). In a study byMa et al,21MPV
was found to be independently associated with the CIMT in
adult subjects in the absence of conventional stroke risk
factors like dyslipidemia, hypertension, and diabetes melli-
tus. Arévalo-Lorido et al conducted a study to observe MPV
and CIMT in atherothrombotic ischemic stroke patients, and
they observed that MPV higher than 11.25 fl significantly
correlated with severity of carotid stenosis.22

The association of MPV with stroke severity was assessed
by comparing the mRS with corresponding mean values of
MPV in each group. On the basis of mRS, patients were
divided into two groups. Group 1 included patients having
mRS 0, 1 and 2, while group 2 had patients with score 3 or
more. ThemeanMPVof group 1was 6.180 fl, while themean
MPVof group 2 was 9.851 fl. The difference between the two
groups had a p-value of 0.001; thus, the result was

Fig. 2 Modified Rankin scale (mRS) and mean platelet volume (MPV)
correlation analysis.

Table 3 MPV and mRS correlation analysis

MPV mRS

MPV Pearson correlation 1 0.818a

Sig. (2-tailed) 0.000

N 100 100

mRS Pearson correlation 0.818a 1

Sig. (2-tailed) 0.000

N 100 100

Abbreviations: MPV, mean platelet volume; mRS, modified Rankin Scale.
aCorrelation is significant.
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significant. Therefore, concluding that higher MPV was as-
sociated with poor outcome. This is consistent with a study
by Ghahremanfard et al23 in which MPV within the first
24 hours of ischemic stroke was correlated with the severity
of stroke, assessed by mRS. After adjusting for confounding
factors associated with ischemic stroke in multivariate re-
gression model, the association of MPV with stroke severity
remained statistically significant (p¼0.012)

In an Indian study by Sarkar et al, the motor deficits
in nondiabetic, nonhypertensive ischemic stroke patients
was assessed using Canadian Neurological Scale (CNS) and
compared with platelet indices. The patients having lower
CNS score (more neurological deficit) had higher MPV
(r¼0.46, p<0.05).24

Mohamed et al assessed the association of MPV at pre-
sentation and functional outcome, determined by mRS at
3 months in patients of ischemic stroke. The MPV in unfa-
vorable group (mRS � 3) was 10.4�2.3 fL and in the
favorable group (mRS 0–2) was 8.7�1.3 fL (p<0. 001),
independent of other risk factors.25

In addition to MPV, Xie evaluated the association of other
platelet indices with the neurological outcome in AIS
patients who underwent thrombolysis. The outcome of the
participants was assessed at 90 days after stroke, using mRS,
and values between 3 to 6 were defined as unfavorable
outcome. After multivariate logistic regression analysis, it
was revealed thatMPVandplatelet distributionwidth (PDW)
were independently related to poor outcome at 90 days after
ischemic stroke.26 A similar study was conducted by Inanc
et al in AIS patients receiving intravenous thrombolysis. The
neurological impairment of participants was evaluated at
24 hours and 3 months after the onset of stroke, using
National Institutes of Health Stroke Scale (NIHSS). MPV
was significantly correlated with NIHSS at 24hours
(r¼0.221, p¼0.012) and at 3 months (r-0.249, p¼0.005).
They also postulated that increased MPV may be suggestive
of increase in reactivity of platelets, which contribute to
pathogenesis of AIS.27

The role of inflammation in the destabilization of athero-
sclerotic plaque is well-established, which results in ische-
mic vascular events. This inflammatory environment leads to
increased expression of P-selectin and E-selectin, contribut-
ing to adhesion of platelets, which, in turn, become activated
and secrete various inflammatory mediaters.28 IL3 and IL6
may influence megakaryocyte size and produce larger and
more activated platelets.29

Conclusion

Our study exhibits significant correlation of MPV with hy-
pertension, type 2 diabetes mellitus, and CIMT in ischemic
stroke. It also established a statistically significant correla-
tion between clinical severity of stroke (mRS) and MPV in
AIS. Thus, suggesting the role of larger platelets in the
pathogenesis of ischemic stroke and possible use of MPV
as a prognostic indicator.

Limitations of the Study

The study being a single center study, including limited
patients, cannot be generalized to the entire population.
The stroke severity was assessed only at presentation and
correlated with MPV, but the functional recovery after
discharge of the patients was not evaluated.

Thus, there is need for multicenter studies, including
diverse populations, to extrapolate these results. Also, in
vitro studies are required to explore interventions, in order
to regulate thrombomegaly and thus the predisposition to
ischemic events.
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