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Abstract

Background: The PIA1/A2 polymorphism of glycoprotein Illa (GPIllla) has been reported to be associated with risk of stroke
in some studies, although other studies suggest no such association. This meta-analysis and systematic review was
conducted to investigate the hypothesis that carriage of the PIA2 allele is a risk factor for stroke.

Methods: Electronic databases (MEDLINE and EMBASE) were searched for all articles evaluating carriage of the PIA2 allele
and the incidence of stroke. Pooled odds ratios (ORs) were calculated using fixed-effect and random-effect models.

Findings: A total of 35 articles were eligible for inclusion, of which 25 studies were suitable for statistical analysis. For
carriage of the PIA2 allele, OR 1.12 (n=11,873; 95% Cl=1.03-1.22; p=0.011) was observed for the incidence of stroke in
adults, with subgroup analyses identifying the association driven by stroke of an ischaemic (n=10,494; OR=1.15, 95%
Cl=1.05-1.27; p=0.003) but not haemorrhagic aetiology (n=2,470; OR=0.90, 95% Cl=0.71-1.14; p=0.398). This
association with ischaemic stroke was strongest in individuals homozygous for the PIA2 allele compared to those
homozygous for wild-type PIA1 (n=5,906; OR=1.74, 95% Cl=1.34-2.26; p<<0.001). Subgroup analysis of ischaemic stroke
subtypes revealed an increased association with stroke of cardioembolic (n=1,271; OR 1.56, 95% Cl 1.14-2.12; p=0.005) and
large vessel (n=1,394; OR=1.76, 95% Cl 1.34-2.31; p<<0.001) aetiology, but not those of small vessel origin (n=1,356;
OR=0.99, 95% Cl 0.74-1.33; p=0.950). Egger’s regression test suggested a low probability of publication bias for all
analyses (p>0.05).

Conclusions: The totality of published data supports the hypothesis that carriage of the PIA2 polymorphism of GPllla is a
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risk factor for ischaemic strokes, and specifically those of cardioembolic and large vessel origin.
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Introduction

The platelet fibrinogen receptor is integral to primary haemo-
stasis, since it regulates platelet aggregation and the formation of
stable thrombus following vascular injury [1,2]. The mature
fibrinogen receptor is formed from the dimerisation of two
glycoprotein (GP) subunits, GPIIb and GPIIla [3], and has a
number of stable allelic variants based on single amino acid
substitutions [4]. The PIA2 polymorphism of GPIIIa is formed
from the substitution of leucine by proline at position 33, and is
one of the more studied variants due to reports that it may be
associated with cardiovascular disease.

In 1996, carriage of the PIA2 allele of GPIIIa was reported to be
associated with myocardial infarction (MI) when compared to
subjects homozygous for the PIAl wild-type [5]. Subsequently,
there has been much inter-study disagreement as to the presence
of any association, although we have recently performed a meta-
analysis which clearly demonstrates a significant association
between carriage of the PIA2 allele and MI in younger subjects
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(=45 years old: n=9,547; odds ratio (OR) 1.205, 95% confidence
interval (CI) 1.067-1.360; p =0.003) [6].

MI and ischaemic stroke are modulated by the same
cardiovascular risk factors, although differing arterial specificity
for these risk factors underlies subtle differences in their respective
pathophysiology [7]. Divergence in aetiology of these pathologies
is further illustrated by the observation that conventional
cardiovascular risk factors only account for a small proportion of
all stroke risk, and familial studies suggest that genetic factors may
be more important [8]. Indeed, the major common loci associated
with MI have been found to not give a risk profile of similar
magnitude for ischaemic stroke, although it has been suggested
that they may play a role restricted to specific stroke subtypes [9].

The PIA2 polymorphisms of GPIla may transcend these
pathophysiological discrepancies as, lying adjacent to the ligand
binding site of the fibrinogen receptor, it is positioned to modulate
the final common pathway of platelet-mediated thrombosis.
Indeed, a meta-analysis published in 2010 considering 187
candidate genes for ischaemic stroke identified 14 studies
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examining the PIA2 polymorphism, and suggested the presence of
a possible association [10], but with no subgroup analyses
performed.

Here we present the most comprehensive meta-analysis to date
of the association between carriage of the PIA2 allele and
ischaemic stroke, with inclusion of 25 studies and 11,873 subjects.
Subgroup analyses based on subject demographics and ischaemic
stroke subtypes are presented. Additionally, we report the first
meta-analysis examining the possible association of the PIA1/A2
polymorphism with haemorrhagic stroke in 1,621 subjects, to
further explore the relationship between this polymorphism and
cerebrovascular events.

Methods

Search strategy

Electronic databases MEDLINE and EMBASE) were searched
up until 30™ July 2013 for all articles evaluating carriage of the
PIA2 polymorphism of GPIIla and the incidence of stroke. The
medical subject headings (MeSH) terms used in the primary
literature search were ‘stroke’; ‘cerebrovascular’, ‘subarachnoid’,
‘subdural’, and ‘extradural’ in combination with ‘glycoprotein
IIIa°, ‘integrin beta3’ and their associated synonyms. No language
restrictions were in place during the primary search. A secondary
search of the literature was performed by hand, based on all
potentially relevant articles identified from the primary search.

Inclusion criteria and data extraction

Articles were considered suitable for inclusion in the systematic
review if they studied association between carriage of the PIA2
polymorphism and risk of stroke. Studies performed wholly in
children (<18 years) were excluded, although studies that
considered ‘young adults’ (often defined as 1544 years) were
included. Non-English language articles were included if sufficient
information could be extracted from the abstract.

In the case of studies suitable for statistical analysis, the
following data were extracted where available: the number of
cases/controls for each genotype (or calculated OR where raw
data were not available), stroke subtype and population demo-
graphics (age, sex, ethnicity and the presence of traditional
cardiovascular risk factors). For duplicated studies, the most
complete dataset was utilised. Where more than one control group
was available, those with cardiovascular risk factors were selected
in preference to healthy subjects. Where genotype information was
reported for >1 subpopulation as defined by geographic region or
ethnic origin, each subpopulation was considered separately in the
analyses [11].

Statistical analysis

Data were analysed using Comprehensive Meta-analysis version
2 software (Biostat Inc., NJ, USA). Pooled ORs were calculated
using fixed- and random-effects models, along with the 95% CIs to
measure the strength of association. Fixed-effects summary ORs
were calculated using the Mantel-Haenszel method [12], and the
DerSimonian method was used to calculate random-effects
summary ORs [13]. For data where more than one outcome
was reported, combined effects were calculated as necessary [14].
Pooled ORs presented in the results were calculated using the
fixed-effects model unless otherwise stated.

Tests for heterogeneity were performed for each analysis, with
significance set at p<<0.05 [15]. I* was also calculated for each
analysis, where =50% may represent substantial heterogeneity
[16]. For assessment of publication bias, we utilised a funnel plot
and Egger’s regression asymmetry test [17]. In addition, the effect
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of individual studies on the summary OR was evaluated by re-
estimating and plotting the summary OR in the absence of each
study.

Results

The primary search yielded 2,644 unique articles, of which 43
were identified as being potentially relevant following review of
title and abstract [18-61]. Eleven studies were subsequently
discarded following full text review for the following reasons: non-
English language (n=1) [20]; no appropriate control group
identified (=1) [21]; duplication of an included dataset (n=4)
[22-25]; no data presented on the PIA2 polymorphism (n=2)
[26,28]; the PIA2 allele not detected within the subject population
(n=4) [58-61].

The secondary search yielded an additional three articles [62—
64| that were suitable for inclusion, resulting in a total of 35
unique articles that met the inclusion criteria (Figure 1). Twenty-
five studies contained sufficient data to be included in the meta-
analysis [18,19,27,29-48,62,63] and an additional ten studies were
included in the systematic review [49-57] [64].

Carriage of the PIA2 allele was significantly associated with total
stroke, with an OR 1.12 (»=11,873; 95% CI=1.03-1.22;
p=0.011). Significant heterogeneity was observed (I? = 56.2%;
p<<0.001), and the significance of association with the PIA2 allele
was lost with application of the random-effects model (OR 1.13;
95% CI=0.98-1.30; p=10.087).

Ischaemic stroke was significantly associated with carriage of the
PIA2 allele (n=10,494; OR 1.15, 95% CI 1.05-1.27; p=0.003)
(Figure 2A), with significant heterogeneity observed (I7 = 55.2%;
p<<0.001). Analysis using the random-effect model revealed a
significant association of similar magnitude (OR=1.18; 95%
CI=1.01-1.37; p=0.037). Subgroup analysis of subjects homo-
zygous for the PIA2 polymorphism demonstrated a greatly
increased degree of association (n=15,906; OR 1.74, 95% CI
1.34-2.26; p<<0.001) (Table 1).

Identification
‘ MEDLINE (n=1,288) ‘ \ EMBASE (n=2,450) ‘

Screening ‘L

‘ Articles after removal of duplicates (n=2,644) ‘

\ \

Retained based on title and ‘ Excluded (n=2,601) ‘
abstract (n= 44)

.| Excluded based on full text
Eligibility AR analysis (n=12)
Full text articles eligible for
inclusion (n=32)
P Articles identified through
Included N secondary search (n=3)

Studies included in
statistical analysis (n=25)

v
Studies included in
systematic review (n=10)

Figure 1. Summary of Search Strategy.
doi:10.1371/journal.pone.0100239.g001
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Study name OR (fixed) and 95% CI

Odds Lower Upper
ratio limit limit
A) Ischaemic stroke subgroup:

Berge et al, 2007 0.790 0.570 1.095
Carlsson et al, 1997 1.140 0.740 1.754
Carter etal, 1999 1.239 0.930 1.651
Coelho et al, 2008 1.537 0.932 2.537
Corral et al, 1997 0.942 0.361 2.460
Iniesta et al, 1999 1.028 0.621 1.701
Kekomaki et al, 1999 1.006 0.616 1.642
Lanni et al, 2007 2.022 0.901 4.538
Maguire et al, 2011 0.920 0.706 1.199
Meiklejohn et al, 2001 0.799 0.467 1.367
Reiner et al, 2000 1.010 0479 2.128
Reuner et al, 1997 0.878 0.433 1.780
Ridker et al, 1997 0.876 0.579 1.328
Roldan et al, 2008 3.253 1.855 5.707
Rubattu et al, 2005a 0.941 0.676 1.310
Rubattu et al, 2005b 1.012 0.590 1.735
Saidi et al, 2008 2325 1.603 3.373
Slowik et al, 2004 1.228 0.919 1.642
Szolnoki et al, 2003 1.690 1.115 2.563
Van Goor et al, 2002 0.786 0.317 1.945
Wagner et al, 1998 1.497 0.627 3.570
Wagneret al, 1998 * 1.008 0.338 3.005
Zhang et al, 2007 1.400 0.278 7.061
Subtotal 1.153 1.050 1.267

Test for heterogeneity: Q-value=49.149, df=22 (p <0.001); 12=55.2%

Test for overall effect: Z=2.971 (p=0.003)

B) Haemorrhagic stroke subgroup:

Adamski et al. 2009 1.043 0.756 1.440
Iniesta et al. 2003 0.813 0.486 1.361
Iniesta et al. 2004 0.480 0.251 0.917
Reiner et al. 2000 1.148 0.581 2.268
Subtotal 0.903 0.713 1.144

Test for heterogeneity: Q-value=5.095, df=3 (p =0.164; 12=41.1%

Test for overall effect: Z=-0.847 (p=0.397)

C) Overall 1115 1.022 1.217

0.1 0.2

Decreased risk of stroke
for carriers of the
PIA2 allele

The PIA2 Allele and Risk of Stroke

OR (fixed) and 95% CI
Relative
weight

8.30
4.74
10.70
3.52
0.96
3.47
3.67

T 1.35

12.62

0.5 1 2 5 10

Increased risk of stroke
for carriers of the
PIA2 allele

* Study by Wagner et al contained distinct population subgroups therefore data processed independently

[OR = odds ratio; Cl = confidence interval]

Figure 2. Sub-analysis by stroke type: forest plots for the association of carriage of the PIA2 polymorphism and risk of (A)
ischaemic stroke, (B) haemorrhagic stroke and (C) combined haemorrhagic and ischaemic stroke.

doi:10.1371/journal.pone.0100239.9002

The ten studies assessing carriage of the PIA2 allele did not
include suitable data for statistical analysis and are summarised in
Table 2 [49-57] [64]. Three of these studies suggested that
carriage of the PIA2 allele increased the risk of ischaemic stroke
[49,51,52], a single study suggested that PIA2 carriage may be
protective [57], and the remaining six study suggested no
relationship [50,53-56,64].

In the case of haemorrhagic stroke, no significant association
was observed with either all carriers of the PIA2 allele (n=1,621;
OR=0.90; 95% CI 0.71-1.14; p=0.398) (Figure 2B) or those
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homozygous for the PIA2 allele (z=1,174; OR 1.11, 95% CI
0.47-2.58; p=0.816) (Table 1).

Subgroup analysis based on aetiology of ischaemic
stroke

The magnitude of the association observed between carriage of
the PIA2 allele and ischaemic stroke was not independent of
actiology of the vascular event (Figure 3). Significant associations
were observed with ischaemic stroke secondary to large vessel
disease (LVD) (n=1,394; OR 2.76. 95% CI 1.34-2.31; p<<0.001)
and cardioembolic (CE) disease (n=1,271; OR 1.56, 95% CI
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Table 1. Level of association between carriage of the PIA2 allele and the risk of stroke.

Pooled OR*
Analysis Number of studies Number of cases/controls (95% ClI) Association (p value) 17 (%)
All stroke 25 5,195/6,678 1.12 0.011 56.2
[18,19,27,29-48,62,63] (1.03-1.22)
Ischaemic stroke 22 4,517/5977 1.15 0.003 55.2
[18,19,27,30-34,37-48,63] (1.05-1.27)
Haemorrhagic stroke 4 574/1,047 0.90 0.398 41.1
[29,35,36,40] (0.71-1.14)
Subgroup analyses based on genotype:
PIA1/A2 genotype in ischaemic 19 3,948/4,723 1.17 0.003 493
stroke
[18,27,30-34,38-48,62] (1.05-1.30)
PIA2/A2 genotype in ischaemic 18 2,666/3,240 1.74 <0.001 70.0
stroke
[18,27,30-34,38-47,62] (1.34-2.26)
PIA2/A2 genotype in 4 426/748 1.1 0.816 0.0
haemorrhagic stroke
[29,35,36,40] (0.47-2.58)

[Cl = confidence interval].

doi:10.1371/journal.pone.0100239.t001

1.14-2.12; p = 0.005), but not with stroke secondary to small vessel
disease (SVD) (n=1,356; OR 0.99, 95% CI 0.74-1.33; p =0.950)
(Table 3). Substantial heterogeneity was observed for both the
LVD (I*=86.7%, p<<0.001) and CE subgroups (I*=82.1%, p<

0.001).

*OR (odds ratio) calculated using fixed-effects model for carriage of the PIA2 allele versus PIA1T homozygous subjects.

Ischaemic stroke subgroup analyses based on subject
demographics

Data were available to calculate pooled ORs based on subject
age, ethnicity and sex (Table 3). No subgroup analyses based on
the presence or absence of traditional cardiovascular risk factors
were possible. Of these subgroup analyses, only Caucasian
ethnicity was found to result in a significant association between

Table 2. Summary of studies investigating the association between carriage of the PIA2 polymorphism and ischaemic stroke that
were unsuitable for inclusion in the statistical analysis.

Study

Subject characteristics

Comment

Addad et al, 2010 [57]

Castro et al, 2004 [53]

Galasso et al, 2010 [49]

Komarov et al, 2009 [54]

Lalouschek et al, 2007 [64]

Mustaffa et al, 2009 [50]

Pongracz et al, 2001 [52]

Streifler et al, 2001 [51]

Yeh et al, 2004 [55]

Wei et al, 2009 [56]

Stable coronary artery disease (n=188)

Homozygous for sickle cell anaemia (n=97)

Hypertensive patients with prior cerebrovascular
event (74 cases, 100 controls)

Stable coronary artery disease (n=287)

Cerebrovascular event in patients
<60 years old (450 cases, 817 controls)

Malay ischaemic stroke patients
(91 cases, 104 controls)

Hungarian stroke patients
(234 cases, 173 controls)

Carotid artery stenosis (n=153)

Stroke patients <50 years old (n=231)

Ischaemic stroke patients
(265 cases, 280 controls)

Composite endpoint of major adverse cardiovascular events at 1 year was
more frequent in subjects homozygous for PIA1 allele

No significant association between carriage of the PIA2 allele and risk of
occlusive vascular events

Carriage of the PIA2 allele associated with an increased risk stroke, both in
terms of healthy controls and compared to risk of a transient ischaemic
attack

Risk of composite cardiovascular end point was not elevated in patients
carrying the PIA2 allele

No significant association between carriage of the PIA2 allele and risk of
stroke or transient ischaemic attack

No difference in allele frequency between stroke patients and healthy
blood donors

Non-significant increase in carriage of the PIA2 allele among stroke patients
>50 years old

Carriage of the PIA2 allele increased risk of stroke or transient ischaemic
attack

Carriage of the PIA2 allele was not associated with an increased risk of the
composite cardiovascular end point at 1 year

Distribution of PIA2 allele was not different between ischaemic stroke
group or control group
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doi:10.1371/journal.pone.0100239.t002
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Study name OR (fixed) and 95% CI
Odds Lower Upper
ratio  limit limit

A) Cardioembolic subgroup:

Maguire et al, 2011 1.072 0.731 1.574

Roldan et al, 2008 3.253 1.855 5.707

Slowik et al, 2004 4.613 0.532 40.002

Subtotal 1.562 1.142 2.138

Test for heterogeneity: Q-value=11.202, df=2 (p =0.004); 12=82.1%
Test for overall effect: Z=1.562 (p=0.005)

B) Large vessel disease subgroup:

Maguire et al, 2011 0.908 0.590 1.397
Slowik et al, 2004 2.650 1.547 4.539
Szolonoki etal, 2003 2.793 1.757 4.442
Subtotal 1.759 1.340 2.309

Test for heterogeneity: Q-value=15.104, df=2 (p <0.001); 12=86.8%
Test for overall effect: Z=4.065 (p<0.001)

C) Small vessel disease subgroup:

Maguire et al, 2011 0.795 0493 1.282
Slowik et al, 2004 1.237 0.736 2.079
Szolonoki etal, 2003 1.027 0.610 1.730
Subtotal 0.990 0.740 1.325

Test for heterogeneity: Q-value=1.536, df=2 (p <0.463); 12=0.0%
Test for overall effect: Z=-0.065 (p=0.950)

0.1 02

Decreased risk of stroke
for carriers of the
PIA2 allele

[OR = odds ratio; Cl = confidence interval]

The PIA2 Allele and Risk of Stroke

OR (fixed) and 95% CI

Relative
weight
. 66.76
s 31.13
2.11
B
— 39.96
e 25.59
— 34.45
B
— 1 37.22
R I — 31.52
B E— 31.26
D
05 1 2 5 10

Increased risk of stroke
for carriers of the
PIA2 allele

Figure 3. Subgroup analysis based on ischaemic stroke subtype. (A) cardioembolic aetiology, (B) large vessel disease and (C) small vessel

disease.
doi:10.1371/journal.pone.0100239.g003

carriage of the PIA2 allele and ischaemic stroke (n=3,843; OR
1.22, 95% CI 1.05-1.42; p=0.009).

Publication bias

Publication bias was assessed by construction of funnel plots and
calculation of Egger’s regression intercept. All analyses demon-
strated a low probability of publication bias (p<<0.05). Further-
more, subgroup analyses based on study size did not suggest
increased publication of positive results by smaller studies. For
studies with <250 cases, OR was 1.15 (n=4,496; 95% CI 0.99—
1.33; p=0.078), and for studies with =250 cases, OR was 1.16
(n=5,797; 95% CI 1.03-1.31; p=0.017) (Table 3).

Discussion

The results of this study demonstrate that carriage of the PIA2
allele of GPIIla is a strong risk factor for ischaemic stroke. The
validity of this association is strengthened by the finding that
subjects homozygous for the mutant allele have almost five times
the risk of stroke compared to those subjects who are heterozy-
gous.

An age-skewed risk profile caused by a relative decrease in the
influence of genetic factors with increasing age might have been
expected, given the results of our recent meta-analysis of the
association between PIA2 carriage and risk of MI, which
demonstrated a stronger association in younger patients [6,65].
However the association in young adults was found to be of similar
magnitude to that in the primary analysis of ischaemic stroke,
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notwithstanding the non-significant CI. The apparent absence of
an age-dependent risk profile may be partially attributed to an
underpowered subgroup (441 young adult cases) but also to the
fact that unlike in MI, conventional risk factors only account for a
small proportion of all stroke risk and that genetic factors are
thought to be more important [8]. The association between stroke
and carriage of the mutant allele is therefore not obscured in older
individuals in the same way as in the MI population.

Subgroup analyses were performed for ethnicity, sex and study
size, the results for sex and study size being consistent with the
primary analysis suggesting that these factors are not major
modulators of the increased risk associated with the polymor-
phism. Caucasian ethnicity produced a significantly higher
assoclation, suggesting that there may be ethnic differences in
the impact of carriage of the PIA2 allele. Analysis based on
ethnicity was clearly limited by the underlying low prevalence of
the PIA2 allele in non-Caucasian populations. The prevalence of
the allele in Asians is low, and this was emphasised in three studies
of Chinese populations that identified no carriers of the mutant
allele across their 554 cases [59-61]. Data were not available to
perform either quantitative or qualitative analyses based on the
presence or absence of conventional cardiovascular risk factors.

Ischaemic stroke subtypes

Subgroup analyses based on ischaemic stroke subtype identified
an increased association between carriage of the PIA2 allele and
stroke of CE or LVD aetiology. These findings are based on three
studies per subtype and contain low numbers of cases (520 and 452
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respectively). However, much published data suggest that platelet
activation modulates CE and LVD stroke rather than SVD. In a
prospective study of 54 cases of non-CE stroke, those with LVD
were found to have significantly higher platelet expression of
CD63 during the acute phase, and significantly higher CD62P (P-
selectin) expression up to 30 days post event, thus indicating higher
levels of platelet activation [66]. The capacity of antiplatelet agents
taken within 7 days of an ischaemic stroke to modulate stroke
severity has been found to be much greater in LVD than in other
stroke subtypes, in a study of 1,622 patients [67]. Moreover,
despite the general assumption that CE thrombi are generally
platelet-poor, autopsy data from 17 patients who died within 30
days of an ischaemic stroke found that, in CE thrombi, there was a
greater proportion of red blood cells and a reduced proportion of
fibrin, but no significant difference in the proportion of platelets,
when compared to LV thrombi [68].

A further divergence in the aetiology of ischaemic stroke
between LVD and SVD may arise because of differences in wall
shear stress in the respective vessels. The mechanism by which
platelets aggregate is dependent on shear stress, with transient
aggregation occurring in the absence of activation at high shear
rates [1]. Interestingly, i vitro investigations into the effect of the
proline substitution on ligand binding have observed increased
adhesion to fibrinogen and von Willebrand factor (VWF) in cell
culture under conditions of shear stress [69], compared to static
systems where no significant differences in maximal binding (B,..)
or dissociation constant (Kg) were observed [70,71]. It was
previously thought that shear stress was relatively constant
throughout the vascular system, but more recent publications
suggest that there is significant variability and that the common
carotid artery is the site with highest shear [72]. Such differences
in shear stress between large and small vessels, with resultant

PLOS ONE | www.plosone.org

Table 3. Subgroup analyses of the carriage of the PIA2 polymorphism and ischaemic stroke.
Pooled OR*

Analysis Number of studies Number of cases/controls (95% ClI) Association (p value) 17 (%)

Subgroup analysis based on stroke aetiology:

Large vessel disease 3 452/942 1.76 <0.001 86.8
[18,27,45] (1.34-2.31)

Small vessel disease 3 392/964 0.99 0.950 0.0
[18,27,45] (0.74-1.33)

Cardioembolic 3 420/851 1.56 0.005 82.1
[27,41,45] (1.14-2.12)

Subgroup analysis based on subject demographics:

Young adult 6 411/1,021 1.27 0.076 0.0
[31,33,40,42,46,47] (0.98-1.67)

Caucasian 6 1,832/2,011 1.22 0.009 0.0
[18,29,31,40,45,47] (1.05-1.42)

Female 3 172/526 1.28 0.217 0.0
[40,45,47] (0.87-1.88)

Subgroup analysis based on study characteristics:

<250 cases 15 1,484/3,012 1.15 0.078 331
[19,32-34,37-42,46-48,63] (0.99-1.33)

=250 cases 7 2,832/2,965 1.16 0.017 77.6
[18,27,30,31,43-45] (1.03-1.31)

*OR (odds ratio) calculated using fixed-effects model for carriage of the PIA2 allele versus PIA1T homozygous subjects.

doi:10.1371/journal.pone.0100239.t003

divergent effects on platelet activation, may contribute to the
increased association of stroke observed, in carriers of the PIA2
allele, in CE and LVD when compared to SVD.

Haemorrhagic stroke subgroup

There is a suggestion, from the results of this study, of an
apparent decrease in the risk of haemorrhagic stroke in subjects
carrying the PIA2 allele. This however was non-significant, but it
should be noted that this analysis was based on a relatively small
pool of 2,470 subjects, and merits further investigation in future
studies. If confirmed, this would give further insight into the
mechanism by which the polymorphism affects platelet function.
As discussed above, the amino acid substitution lies adjacent to the
ligand binding site of the fibrinogen receptor and so may modulate
normal platelet function; however, whether this is truly so remains
contentious. Fx viwvo studies have provided conflicting data on the
effect that carriage of the PIA2 allele has on platelet fibrinogen
binding and on platelet aggregation, in both healthy and ischaemic
stroke cohorts [70,73,74] [75]. The PIA1/A2 polymorphism has
also been hypothesised to modulate efficacy of anti-platelet drug
therapy, and hence to influence cardiovascular risk whilst on such
therapy; however, a recent meta-analysis suggests that this is
unlikely to be the case [76].

Observations from in vivo studies appear to be more consistent,
with carriage of the PIA2 allele resulting in a reduction in bleeding
time both pre- and post-aspirin therapy in healthy subjects
[77,78]. Additionally, carriage of the mutant allele was found to
reduce peri-operative bleeding following coronary artery bypass
grafting in aspirin-naive subjects [79].

The totality of these experimental findings, when viewed in the
context of the clinical data reported in the present study, suggests
that carriage of the PIA2 allele does indeed result in modulation of
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platelet function leading to increased activation and aggregation.
The clinical manifestation of this modulation is an increased
propensity for thrombus formation. The discrepancy with ex vivo
findings may possibly be due to the impact of the polymorphism
being dependent on interaction of platelets with the vasculature,
and this hypothesis warrants further investigation in future i vitro
studies.

Study limitations

There are a number of limitations to the study presented here
that are inherent to the data available. Due to the increase in the
prevalence of traditional cardiovascular risk factors with age, it is
preferable to include data that are adjusted for these factors as the
contribution of a single gene polymorphism to a multifactorial,
polygenic process is likely to be subtle [11] [65]. Data were not
available to perform such analysis nor for subgroup analyses based
on non-Caucasian ethnicity or female sex, and the data for young
adults were limited.

The majority of strokes occur out-of-hospital with many patients
not surviving the index event [80]. Inclusion into the studies
reported here necessitated survival for a period of time post-event,
and so the presence of a mortality bias may attenuate the true
association. There is no post-mortem study equivalent for the
Helsinki Sudden Death Study for stroke [81] , but a polymorphism
in GPIIb has been shown to increase the risk of fatal stroke and to

References

1. Broos K, Feys HB, De Meyer SF, Vanhoorelbeke K, Deckmyn H (2011)
Platelets at work in primary hemostasis. Blood Reviews 25: 155-167.

2. Floyd CN, Ferro A (2012) The platelet fibrinogen receptor: from megakaryocyte
to the mortuary. Journal of the Royal Society of Medicine Cardiovascular
Disease. pp. 1-13.

3. Bennett JS (2005) Structure and function of the platelet integrin alpha(IIb)-
beta(3). Journal of Clinical Investigation 115: 3363-3369.

4. Newman PJ, Valentin N (1995) Human platelet alloantigens: recent findings,
new perspectives. Thromb Haemost 74: 234-239.

5. Weiss EJ, Bray PF, Tayback M, Schulman SP, Kickler TS, et al. (1996) A
polymorphism of a platelet glycoprotein receptor as an inherited risk factor for
coronary thrombosis. N Engl ] Med 334: 1090-1094.

6. Floyd CN, Mustafa A, Ferro A (2014) The PIA1/A2 polymorphisms of
glycoprotein IIla as an age-dependent risk factor for myocardial infarction: a
meta-analysis. ] Am Coll Cardiol 63: 12_S.

7. Kannel WB (1994) Risk factors for atherosclerotic cardiovascular outcomes in
different arterial territories. J Cardiovasc Risk 1: 333-339.

8. Dichgans M (2007) Genetics of ischaemic stroke. Lancet Neurol 6: 149-161.

9. Cheng YC, Anderson CD, Bione S, Keene K, Maguire JM, et al. (2012) Are
myocardial infarction—associated single-nucleotide polymorphisms associated
with ischemic stroke? Stroke 43: 980-986.

10. Bentley P, Peck G, Smeeth L, Whittaker J, Sharma P (2010) Causal Relationship
of Susceptibility Genes to Ischemic Stroke: Comparison to Ischemic Heart
Disease and Biochemical Determinants. Plos One 5.

11. Lander ES, Schork NJ (1994) Genetic dissection of complex traits. Science 265:
2037-2048.

12. Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data from
retrospective studies of disease. ] Natl Cancer Inst 22: 719-748.

13. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin
Trials 7: 177-188.

14. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR (2009) Introduction to
Meta-Analysis John Wiley & Sons, Ltd.

15. Deeks JJ (2001) Systematic reviews in health care: Systematic reviews of
evaluations of diagnostic and screening tests. BMJ 323: 157-162.

16. Higgins JPT, Green S (2008) Cochrane Handbook for Systematic Reviews of
Interventions Version 5.0.0: The Cochrane Collaboration.

17. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

18. Szolnoki Z, Somogyvari F, Kondacs A, Szabo M, Bene J, et al. (2003) Increased
prevalence of platelet glycoprotein IIb/IIla PLA2 allele in ischaemic stroke
associated with large vessel pathology. Thrombosis Research 109: 265-269.

19. Ridker PM, Hennekens CH, Schmitz C, Stampfer M]J, Lindpaintner K (1997)
PI(A1/A2) polymorphism of platelet glycoprotein Illa and risks of myocardial
infarction, stroke, and venous thrombosis. Lancet 349: 385-388.

20. Ishii K, Murata M, Oguchi S, Takeshita E, Ito D, et al. (2004) Genetic risk
factors for ischemic cerebrovascular disease—analysis on fifteen candidate
prothrombotic gene polymorphisms in the Japanese population. Rinsho byori
The Japanese journal of clinical pathology 52: 22-27.

PLOS ONE | www.plosone.org

The PIA2 Allele and Risk of Stroke

decrease post-stroke survival suggesting the possibility of similar
findings with carriage of the PIA2 allele [82].

Conclusions

We have demonstrated that carriage of the PIA2 polymorphism
of GPIIIa is associated with an increased risk of ischaemic stroke in
adults, and this risk is higher in homozygous subjects and those
with strokes of CE and LVD aetiology. This risk is likely to be
modulated by increased platelet activity that, in conjunction with
interaction with the vascular wall, results in increased thrombus
formation. The magnitude of the increased risk in PIA2 carriers is
similar to that seen in MI, and suggests that PIA1/A2 genotyping
may add usefully to risk stratification for patients at risk of stroke.
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