
ORIGINAL ARTICLE

Lupus anticoagulants and anti-phospholipid antibodies as risk
factors for a first episode of ischemic stroke

S . SA ID I , * T . MAH JOU B* and W. Y . ALMA WI�
*Research unit of Hematological and Autoimmune Diseases, Faculty of Pharmacy, University of Monastir, Monastir, Tunisia; and �College of

Medicine and Medical Sciences, Arabian Gulf University, Manama, Bahrain

To cite this article: Saidi S, Mahjoub T, Almawi WY. Lupus anticoagulants and anti-phospholipid antibodies as risk factors for a first episode of

ischemic stroke. J Thromb Haemost 2009; 7: 1075–80.

Summary. Background: Antiphospholipid antibodies (aPLA)

and lupus anticoagulant (LAC) were shown to precipitate

thromboembolic events. Their association with ischemic stroke

remains tobe seen.Objectives: We investigated the contribution

of LAC, and antibodies directed against the phospholipids

cardiolipin (aCL), phosphatidylserine (aPS), and the phospho-

lipid-dependent cofactors b2-glycoprotein I and annexin V, to

the risk for ischemic stroke. Patients/methods: LAC and

antibody levels were measured in 208 stroke patients and 203

age- and gender-matched control subjects. Results: Positive

LAC resulted in an increased risk for stroke [OR (95%

CI) = 8.1 (2.4–27.5)]. Significant elevation in aPS IgG, aCL

IgM and aCL IgG titers, and increased prevalence of elevated

aPS IgG, aCL IgMand aCL IgG (based onP95 cutoff values of

healthy individuals) were seen in patients. aPS IgG was

associated with cardioembolic, whereas aCL IgG and IgM

were elevated in lacunar, atherosclerotic and cardioembolic,

and LAC positivity was documented only in lacunar stroke

subtypes. The co-presence of LAC with a positive aCL IgM/

IgG or aPS IgG did not affect the overall risk for stroke.

Multivariate analysis confirmed the associationofpositiveLAC

with stroke [aOR (95% CI) = 9.7 (1.8–52.5)], and demon-

strated a clear gradation of increasing risk of stroke associated

with the four categories of aCL IgGandaPS IgG, and identified

aCL IgM P95 as independent predictors of stroke

after adjusting for potentially confounding covariates.

Conclusions: Our study demonstrates that the presence of

LAC, and elevated aCL IgG and aPS IgG antibodies are risk

factors for stroke.

Keywords: antiphospholipid antibodies, ischemic stroke, lupus

anticoagulant, thrombosis.

Introduction

Ischemic stroke is a common disease in Western society, with

multiple etiologies and major clinical manifestations [1,2]. The

pathogenesis of ischemic stroke is complex, and several studies

documented hypercoagulable states as a significant mechanism

underlying stroke. This was hypothesized to be a result of

specific genetic factors, including genetic background and

mutations in procoagulant factors [3–5], and also to acquired

risk factors [1,6,7]. The latter include protein C, protein S, or

antithrombin III deficiencies, activated protein C resistance and

anti-phospholipid antibodies (aPLA), including anticardiolipin

(aCL) antibodies or lupus anticoagulant (LAC), which influ-

ence stroke susceptibility owing to their capacity to disturb

normal hemostatic mechanisms [8–11]. aPLA are a heteroge-

neous family of antibodies that target negatively charged

phospholipids, phospholipid-binding proteins, or both [12–14].

While aPLA are clinically associated with a state of hyperco-

agulation and prothrombotic disorders, the exact mechanism

underlying their prothrombotic effects remains unknown [15].

aPLA are detected either functionally, owing to their ability

to prolong coagulation time in a phospholipid-dependent

coagulation test (LAC), or by measuring specific [anticardio-

lipin (aCL) and antiphosphatidylserine (aPS)] antibodies by

specific immunoassays, using anionic phospholipids as antigens

[16,17]. The contribution of LAC to the overall risk of both

venous and arterial thrombosis [13,18], including ischemic

stroke [18,19], is now well recognized. A meta analysis of five

studies involving 753 patients and 234 controls concluded that

LAC, more so than aCL, is a strong risk factor for thrombosis,

irrespective of the site and type of thrombosis, and suggested

that LAC and high-titers aCL IgG detection, rather than

detection of specific aPLA antibodies (whose predictive value is

unclear), can identify patients at risk for thrombosis [18].

While the contribution of aPLA (including LAC and aCL

antibodies) to thrombosis is well established, their role as

independent risk factors in the pathogenesis of ischemic stroke

yielded apparently conflicting results. An association between

different types of aPLA and stroke was suggested by several

case–control studies [9–11,20,21], but not by others [22,23]. It

was also suggested that the contribution of aPLA to stroke
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pathogenesis is both age [20,22,24] and gender [20] dependent,

and may depend on the presence of other contributory factors

(older age, malignancy and cardiovascular risk factors) [25].

These conflicting results could be explained by differences in

ethnic origin [26–28], inherent variation in aPLA levels [14,29]

and in the failure in some studies to account for the

contribution of covariates [25,30]. Here we investigated

whether LAC and aPLA are independently associated with

ischemic stroke in Tunisian patients with a first stroke.

Subjects and methods

Patients and control subjects

This was a retrospective case–control study involving 208

consecutive patients with a first ischemic stroke, recruited from

the service of Neurology in CHU Sahloul in Sousse, Tunisia.

Ischemic stroke was defined as the acute onset of clinical signs

of focal disturbance of cerebral function as a result of cerebral

ischemia, with symptoms lasting more than 24 h. Diagnosis of

ischemic stroke was based on clinical and neurological

examination, together with brain CT, magnetic resonance

imaging (MRI) and cerebral angiography. In addition, 24-h

electrocardiography (ECG), echocardiography, carotid ultra-

sound and functional evaluations (speech, occupational ther-

apy, etc.) were performed as part of the patient workout. Brain

computed tomography (CT) was employed to differentiate

between ischemic and hemorrhagic stroke, with etiologic stroke

subtypes classified as per the Trial of ORG 10172 in Acute

Stroke Treatment (TOAST) criteria [2].

Exclusion criteria included non-atherosclerotic causes, rheu-

matic heart disease, ventricular arrhythmias, uncompensated

heart failure, stroke secondary to atrial fibrillation, hematoma,

brain tumors, accidental or iatrogenic stroke, arterial malfor-

mation and recent acute myocardial infarction. Information on

cardiovascular and cerebrovascular risk factors was obtained

at baseline. Cardiovascular disease was positive if subjects

reported a history of heart disease or stroke, whereas diabetes

was assessed according to fasting blood glucose and/or use of

glucose-lowering drugs (including insulin). Obesity was defined

as a body mass index (BMI) of 30 kg m)2 or higher, and

hypertension was defined as blood pressure (BP) > 160/

95 mmHg on two separate occasions, and/or the use of

antihypertensive therapy.

A total of 203 healthy volunteers and hospital staff served as

controls. Controls were frequency matched to cases with

regards to age, gender and ethnic/regional origin; none of the

controls reported a previous history of cerebrovascular or

cardiovascular disease, or thromboembolic disorders (Table 1).

Controls were matched to patients with respect to age, gender,

BMI and to the prevalence of smokers. Mean systolic and

diastolic BP, and number of hypertensive individuals were

significantly higher in patients. Significant elevation in serum

glucose, triglycerides, creatinine and lower levels of serum high-

density lipoproteins (HDL) were seen in patients than controls.

Complete demographic and clinical details, including family

history of cerebrovascular/cardiovascular diseases and conven-

tional stroke risk factors (hypertension, diabetes, smoking,

obesity), were taken for all participants. The study was carried

out in accordance with the guidelines of the Helsinki Decla-

ration of 1975, and had the approval of the University of

Monastir Ethics Committee; written informed consent was

obtained from all participants.

Antibody determination

Blood samples were obtained in sodium citrate (0.129 mol L)1)

tubes, and platelet-poor plasma was prepared by double

centrifugation at 4000 · g for 20 min; 100- to 200-ll aliquots
were immediately stored at )70 �C pending analysis. Samples

were obtained at least 2–3 months after the acute event. LAC

detection was carried out on fresh plasma, whereas the

detection of other antibodies was performed on either frozen

or once-thawed samples.

LAC was assayed in duplicates, as detailed elsewhere [17],

with normal values defined from first to 99th percentile figures

established for healthy individual plasmas [29]. Individuals who

tested positive in the first round were retested 6–8 weeks later.

LAC positivity was scored if positive results were attained on

two occasions 6–8 weeks apart. LAC was detected using dilute

Russell Viper Venom Time (dRVVT), which screens for

Lupus-like anticoagulants (aPLA), and DVV Confrim (ratio)

confirms LAC presence in plasma as described [31]. Viper

venom is snake venom which, in the presence of calcium ions,

converts factor (F)X to its activated form FXa, which together

with phospholipid and FV, converts prothrombin to thrombin.

LAC was detected using the Bioclot LA kit, according to

Table 1 Characteristic of study subjects

Characteristic Patients* Controls*

OR

(95% CI)

Age (years;

mean ± SD)

62.6 ± 12.3 62.8 ± 11.8

Male/female 104:104 114:89

Hypertension�;

number

(% total)

145 (67.1) 53 (21.0)

Anti-b2GPI

IgM 5.2 (1.2–26.0)� 5.0 (1.0–22.0) 1.1 (1.0–1.1)

IgG 4.5 (1.0–29.5) 4.7 (1.0–23.0) 1.0 (0.9–1.1)

Anti-annexin V

IgM 5.0 (0.9–26.0) 6.0 (2.0–21.0) 1.0 (0.9–1.1)

IgG 6.0 (2.2–25.4) 6.0 (2.4–20.9) 1.0 (1.0–1.1)

Anti-phosphatidylserine

IgM 6.0 (0.5–29.0) 6.0 (0.8–28.6) 1.0 (1.0–1.1)

IgG 7.5 (3.0–39.6) 6.4 (2.6–18.3) 1.1 (1.1–1.3)

Anti-cardiolipin

IgM 4.0 (1.0–17.4) 3.2 (1.0–12.6) 1.2 (1.0–1.3)

IgG 14.0 (1.5–34.0) 7.0 (1.9–24.4) 1.1 (1.1–1.2)

LAC positivity 23 (11.1)� 3 (1.5) 8.1 (2.4–27.5)

*Study subjects comprised 203 controls and 208 stroke patients. �

Blood pressure of ‡ 140/90 mmHg, and/or use of antihypertensive

medications. �Median (range) of IgM (in MPL) and IgG (in GPL)

values.
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manufacturer�s instructions (Biopool, Umea, Sweden). For

samples with prolonged time, the corresponding clotting time

of a 1:1 mixture of sample and healthy pooled plasma was

performed; samples with a sample/healthy ratio of more than

1.15 indicated the presence of an inhibitor activity, thereby

confirming LAC-like activity.

Samples were also tested in duplicates for aCL, aPS, and

anti-b2-glycoprotein I (GPI) IgM and IgG antibodies in

duplicates by quantitative sandwich EIA using REAADS kits

(Corgenix, Broomfield, CO, USA), and anti-annexin V anti-

bodies by quantitative sandwich ELISA using Zymutest� Anti-

Annexin V kits (HYPHEN BioMed, Neuville-sur-Oise,

France), according to the manufacturers� instructions. Results
were given as mean IgG antiphospholipid (GPL) or mean IgM

antiphospholipid (MPL) units. Anti-GPI IgG < 16.66 GPL,

anti-GPI IgM < 16.08 MPL, aCL IgG < 20.99 GPL, aCL

IgM < 9.85MPL, aPS IgG < 15.45GPL, aPS IgM < 18.28

MPL, anti-annexin V IgG < 15.99 GPL and anti-annexin V

IgM < 15.41 MPL were considered normal values.

Statistical analyses

Statistical analyses were performed on SPSS software (Statis-

tical Package for the Social Sciences, version 14.0; SSPS Inc,

Chicago, IL, USA). Quantitative data are described as

medians, and upper and lower quartiles. The differences

between patients and controls were determined using the

Mann–Whitney comparison by ranks, as IgG and IgM

antibody values showed a non-parametric distribution [29].

Antibody percentiles were calculated based on the distribu-

tion of the healthy control group. Logistic regression

analysis, performed in a monoparametric then a multipara-

metric way, taking the healthy controls as the reference

group, was done to analyze LAC and aPLA as risk factors

for ischemic stroke; aCL and aPS antibodies were used as

continuous, and then as categorized variables with LAC in

order to determine the crude odds ratios (OR) and 95%

confidence intervals (95% CI) associated with the risk of

stroke.

Results

Association of LAC and antiphospholipid antibodies with

stroke

Among the 208 patients included, 23 (11.1%) were positive

for LAC, of whom 13 (56.5%) were men. The mean age

of LAC-positive (64.6 ± 9.2 years) and LAC-negative

(62.6 ± 12.7 years) patients was comparable. Only three out

of the 203 control subjects (1.5%) were LAC-positive (one

male, two females), resulting in a 8.1-fold increased risk for

stroke for LAC-positive individuals (Table 1). Significant

elevations in aPS IgG [OR (95% CI) = 1.1 (1.1–1.3)], aCL

IgM [OR (95% CI) = 1.2 (1.0–1.3)] and aCL IgG [OR (95%

CI) = 1.1 (1.1–1.2)] were seen in patients than in control

subjects (Table 1). The median values of the other antibodies

screened were comparable between patients and controls.

Antibody-positive cases were then categorized based on P95

cutoff values of healthy individuals. Significantly increased

prevalence of elevated aPS IgG [16.4% vs. 4.5%; OR (95%

CI) = 4.2 (1.9–8.9)], aCL IgM [24.2% vs. 5.0%; OR (95%

CI) = 6.1 (3.0–12.3)] and aCL IgG [36.2% vs. 4.5%; OR

(95% CI) = 12.1 (5.8–24.9)] antibody cases were seen in

patients than in controls.

LAC and antiphospholipid antibodies in stroke subtypes

Table 2 summarizes the association of aCL and aPS antibodies

and LAC positivity with stroke subtypes. aPS IgG was

associated with cardioembolic stroke, whereas elevation in

aCL IgG and IgM positivity was seen in lacunar, atheroscle-

rotic and cardioembolic stroke subtypes. Interestingly, LAC

positivity was documented only in lacunar, but not other stroke

subtypes.

Anti-phosphatidylserine and anti-cardiolipin antibodies

The association of aPS and aCL antibodies with stroke was

confirmed by percentile analysis in which each antibody was

split into four categories: percentiles 1–75 (P75), 81–90 (P90),

91–95 (P95), and > 96 (P99). For each of the aPS and aCL

antibodies, the adjusted odds ratio increased as the percentile

value increased. The strongest risk factors were for aCL IgG,

in which the P99 was associated with a 43.5-fold higher risk

than P75, and for aPS IgG where P99 was associated with a

31.3-fold increased risk than P75 (Table 3). This association

of these antibodies with stroke was further analyzed by

examining the proportion of antibody-positive individuals

based on a pre-set cut-off level (mean + 3SD of healthy

controls). An increased prevalence of individuals with elevated

aPS IgG (OR = 7.7; 95% CI = 2.9–20.0), aCL IgM

(OR = 7.4; 95% CI = 2.2–25.3) and aCL IgG (OR = 9.6;

95% CI = 3.4–27.7) antibodies was seen in patients than in

control subjects (Table 3).

Table 2 Odds ratios (95% CI) for stroke for antiphospholipid antibodies and LAC according to stroke subtype

Antibody Isotype Lacunar* Atherosclerotic* Cardioembolic* Others*

Anti-phosphatidylserine IgG 2.4 (0.8–7.1)� 1.5 (0.6–3.8) 4.0 (1.5–11.0) 2.6 (0.7–9.6)

Anti-cardiolipin IgM 4.4 (1.6–11.7) 3.1 (1.3–7.5) 3.5 (1.3–9.9) 3.4 (1.0–11.6)

IgG 8.0 (3.1–20.3) 5.1 (2.2–11.9) 4.9 (1.8–13.2) 5.2 (1.6–16.3)

LAC positivity 8.8 (1.8–43.1) 4.0 (0.9–18.9) 4.7 (0.8–26.5) 4.3 (0.6–31.6)

*Stroke patients comprised 44 with lacunar, 109 with atherosclerotic, 37 with cardioembolic, and 18 with other stroke subtypes. �OR (95% CI).
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Combinations of LAC with other antibodies

Of the 208 stroke patients included, 23 had a positive LAC,

compared with three of the 203 control subjects. When LAC

was considered in the co-presence of aCL and aPS antibodies,

and taking LAC-/Ig- as reference for calculating the OR (95%

CI), the majority of the 23 patients had positive LAC without

aCL IgM (23/23) and IgG (19/23), as well as aPS IgG (7/23)

antibodies. None of the three control subjects with a positive

LAC had elevated aCL IgM and IgG, or aPS IgG antibodies

(Table 4). Compared with unselected cases, the presence of

LACwithout antibodies to either aCL or aPS did not affect the

overall risk for stroke (Table 4).

Regression analysis

The association of LAC and other antibodies with stroke was

examined at the univariate and then at the multivariate levels.

Univariate analysis demonstrated a positive relationship

between LAC (P < 0.001), and elevated (P99) aCL IgM

(P = 0.003) and IgG (P = 0.001) antibody titers with

increased stroke risk. Multivariate analysis confirmed the

association of positive LAC [aOR (95% CI) = 9.7 (1.8–52.5)]

with stroke, and demonstrated a clear gradation of increasing

risk of stroke associated with the four categories of aCL IgG

and aPS IgG, and identified aCL IgM P95 [aOR (95%

CI) = 8.3 (2.1–34.5)] as independent predictors of stroke after

adjusting for the potentially confounding covariates: systolic

and diastolic blood pressure, total cholesterol, LDL and

triglyceride levels (Table 5).

Discussion

Consistent with previous studies linking positive LAC and

heightened aPLA response with increased risk of ischemic

stroke, our population-based case–control study indicated that

LAC, aCL IgG and aPS IgG constituted independent risk

factors for the etiology of ischemic stroke, with adjusted odds

ratios of 9.69 (95%CI = 1.79–52.49), 11.85 (95%CI = 1.40–

100.43) and 21.44 (95% CI = 2.77–165.62), respectively.

Adjustment made included age and gender, together with

traditional risk factors of stroke (arterial hypertension, diabetes

and hyperlipidaemia). Unlike previous population-based stud-

ies, in which only specific antibodies (notably aCL) were tested,

thus neglecting the possible role of the clinically more relevant

LAC [18,19], we included both functional (LAC) and antibody-

based (EIA) assays in analyzing the aPLA contribution to

stroke.

Our findings are reminiscent of earlier studies demonstrating

an independent association between aCL [9,21,24], aPS [10],

and anti-phosphatidylinositol [32] antibodies and ischemic

stroke. An earlier hospital-based case–control study of 524

consecutive ischemic stroke patients (and 1020 controls)

reported high positive aCL titer in 34% of cases compared

Table 3 Influence of anti-phospholipid antibody cut-off level on the

stroke risk

Cut-off Patients Controls OR (95% CI)

Anti-phosphatidylserine IgG

P75 (8.06)* 130 (62.5)� 170 (83.7) Reference

P90 (10.64) 44 (21.2) 27 (13.3) 2.4 (1.2–4.8)

P95 (13.00) 16 (7.7) 4 (2.0) 7.6 (2.0–28.6)

P99 (18.28) 18 (8.7) 2 (1.0) 31.3 (6.2–166.7)

X ± 3SD 34 (16.3) 5 (2.5) 7.7 (2.9–20.0)

Anti-cardiolipin IgM

P75 (4.74) 141 (67.8) 167 (82.3) Reference

P90 (6.43) 33 (15.9) 29 (14.3) 1.6 (0.8–3.2)

P95 (8.10) 16 (7.7) 4 (2.0) 6.6 (1.7–25.0)

P99 (11.59) 18 (8.7) 2 (1.0) 8.5 (1.7–43.5)

X ± 3SD 21 (10.1) 3 (1.5) 7.4 (2.2–25.3)

Anti-cardiolipin IgG

P75 (10.09) 120 (57.7) 189 (93.1) Reference

P90 (13.99) 52 (25.0) 10 (4.9) 9.4 (4.1–21.7)

P95 (17.30) 12 (5.8) 3 (1.5) 9.0 (2.0–40.0)

P99 (23.96) 24 (11.5) 1 (0.5) 43.5 (5.4–333.3)

X ± 3SD 34 (16.3) 4 (2.0) 9.6 (3.4–27.7)

*Percentile (MPL/GPL antibody levels). �Number of subjects (percent

of total).

Table 4 Influence of combinations LAC with other antibodies on the

stroke risk

Antibody Isotype Status Patients* Controls* OR (95% CI)

aPS IgM +/)� 22 3 8.0 (2.4–27.3)

+/+� 1 0 0.7 (0.5–0.9)

IgG +/)� 16 3 6.4 (1.8–22.3)

+/+� 7 0 0.8 (0.7–1.0)

aCL IgM +/) 23 3 8.9 (2.6–30.3)

IgG +/)� 19 3 7.8 (2.3–26.8)

+/+� 4 0 0.9 (0.8–1.0)

*LAC-positive cases included 23 patients and three controls. �Indicates

LAC positive (+)/antibody positive (+) or negative ()). Elevation in

antibody titers was based on the following: aPS IgM > 18.28 MPL;

aPS IgG > 15.45 GPL; aCL IgM > 9.85 MPL; aCL IgG > 20.99.

LAC, lupus anti-coagulant; aPS, anti-phosphatidylserine; aCL, anti-
cardiolipin.

Table 5 Regression analysis*

Antibody aOR 95% CI

LAC 9.7 1.8–52.5

Anti-cardiolipin IgM

P75 1.00 Reference

P90 1.5 0.6–3.4

P95 8.3 2.1–34.5

P99 2.9 0.4–22.6

Anti-cardiolipin IgG

P75 1.0 Reference

P90 7.2 1.8–29.0

P95 9.8 3.1–31.3

P99 14.8 1.7–128.9

Anti-phosphatidylserine IgG

P75 1.0 Reference

P90 2.3 1.0–5.7

P95 8.6 1.9–38.3

P99 22.8 3.4–151.3

*Adjusted for systolic and diastolic blood pressure, total cholesterol,

LDL, and triglyceride levels. aOR, adjusted odds ratio.
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with 11% of controls, resulting in an adjusted OR of 4.0; IgG

being associated with higher OR than IgM [21]. A more recent

German study reported on high prevalence of aPS IgG in

stroke cases (57.7%) than in healthy controls (4.8%), thereby

prompting the speculation of a possible role for these

antibodies in stroke etiology [33]. In contrast to our findings,

the study of Kahles et al. [33] suggested a role for anti-b2-GPI

in stroke pathogenesis, evidenced by the increased prevalence

of anti-b2-GPI antibodies in stroke patients (20.8%) compared

with normal controls (3.6%).

Other studies found no strong association between aPS or

aCL and the risk of stroke. A Canadian study suggested that

aPLA did not constitute an independent risk factor for

ischemic stroke in unselected persons, evidenced by the

comparable prevalence of aPLA in stroke patients (12%) and

control subjects (10%), after correcting for known risk factors

[23]. The Monitoring of Trends and Determinants in Cardio-

vascular Disease (MONICA) study demonstrated a lack of

difference in the prevalence of the aCL isotypes between

patients with cerebral hemorrhage and cerebral infarction and

controls, after adjusting for a number of conventional stroke

risk factors [30], thus prompting the conclusion that aCL do

not constitute an independent risk factor for stroke, without

ruling out a potential association with future stroke [30].

It was of interest to note that aCL IgG, and also IgM, were

initially positively associated with ischemic stroke in our

population. IgG is the major isotype of pathogenic autoanti-

bodies, whereas increased level of IgM antibodies is rarely seen,

and is typically linked with diseases associated with ongoing

immunity. While IgM and IgG aCL antibodies were suggested

to differ with regards to cross-reactivity with other phospho-

lipids [12], it remains to be seen as to the functional relevance of

this claimed altered restricted reactivity. In our hands, of the

two aCL antibody isotypes, only IgG remains significantly

associated with ischemic stroke after controlling for potential

covariates, thereby minimizing or even ruling out any func-

tional significance of elevated aCL IgM in stroke pathogenesis,

as was also found elsewhere [11,30].

It was suggested that aPLA may not constitute an indepen-

dent risk factors for ischemic stroke per se, but rather markers

of [7,34]. aPLA were proposed to contribute to the pathogen-

esis of stroke in a select group of patients, including females

[20], and young [22,25] patients. This was exemplified by the

findings of Heizlef et al. [22], that elderly patients with elevated

aCL IgG but negative anti-b2-GPI are not at an increased risk

of incident ischemic stroke, in contrast to young (< 40 years of

age) stroke patients. In our hands, differential association of

aPS (IgG) and aCL (IgG and IgM) antibodies, together with

LAC positivity, was noted in specific stroke subtypes (TOAST

criteria), suggesting a role for these antibodies in the patho-

genesis of specific stroke types.

While the association between aPLA and stroke has been

reported in several studies, it remains to be seen whether aPLA

plays a causal role in the pathogenesis of stroke, or their

presence is simply a consequence (or even an unrelated event)

of ischemic stroke pathogenesis. Two earlier studies are in favor

of a causative, more so than a consequential role, for aPLA in

stroke pathogenesis [35,36], as evidenced by the increase in

aPLA levels just before the onset of symptoms. While it is

tempting to speculate that the increased prevalence of aCL

IgG, aPS IgG, and positive LAC, play a causative role in

precipitating ischemic stroke, validation of our data by a

prospective study that includes repeated serum measurements

of these and potentially other markers will be needed to

confirm, or alternatively rule out this assumption.

We conclude that aPLA are associated with an increased

risk of ischemic stroke. Our study has strengths, namely that

patients included only ischemic stroke cases, and that both

functional (LAC) and serologic (ELISA) assays were

employed in assessing the contribution of aPLA to stroke.

However, our study has some limitations, namely with

regards to the relatively small sample sizes, to the inability to

assign a pathogenic nature to elevated aPLA titers in stroke

pathogenesis, and that it was limited to (North African)

Tunisian Arabs, thereby necessitating follow-up studies in

stroke cases from different ethnic groups. In addition, while

we adjusted for a number of conventional stroke risk factors,

we can not exclude the possible contribution of other

unmeasured risk factors. Large independent prospective

population-based studies with different ethnicity are needed

to confirm the contribution of these and other aPLA to the

risk of stroke.

Disclosure of Conflict of Interests

The authors state that they have no conflict of interest.

References

1 Stewart JA, Dundas R, Howard RS, Rudd AG, Wolfe CD. Ethnic

differences in incidence of stroke: prospective study with stroke regis-

ter. BMJ 1999; 318: 967–71.

2 Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon

DL, Marsh EE, the TOAST Investigators. Classification of subtype of

acute ischemic stroke. Stroke 1993; 24: 35–41.

3 Ariyaratnam R, Casas JP, Whittaker J, Smeeth L, Hingorani AD,

Sharma P. Genetics of ischaemic stroke among persons of non-

European descent: a meta-analysis of eight genes involving approxi-

mately 32,500 individuals. PLoS Med 2007; 4: e131.

4 Banerjee I, Gupta V, Ganesh S. Association of gene polymorphism

with genetic susceptibility to stroke in Asian populations: a meta-

analysis. J Hum Genet 2007; 52: 205–19.

5 Voetsch B, Damasceno BP, Camargo EC, Massaro A, Bacheschi LA,

Scaff M, Annichino Bizzacchi JM, Arruda VR. Inherited thrombo-

philia as a risk factor for the development of ischemic stroke in young

adults. Thromb Haemost 2000; 83: 229–33.

6 Gao X, Yang H, Zhiping T. Association studies of genetic polymor-

phism, environmental factors and their interaction in ischemic stroke.

Neurosci Lett 2006; 398: 172–7.

7 Janardhan V, Wolf PA, Kase CS, Massaro JM, D�Agostino RB,

Franzblau C, Wilson PW. Anticardiolipin antibodies and risk of

ischemic stroke and transient ischemic attack: the Framingham cohort

and offspring study. Stroke 2004; 35: 736–41.

8 Nojima J, Kuratsune H, Suehisa E, Kitani T, Iwatani Y, Kanakura Y.

Strong correlation between the prevalence of cerebral infarction and

the presence of anti-cardiolipin/beta2-glycoprotein I and anti-phos-

Anti-phospholipid antibodies in ischemic stroke 1079

� 2009 International Society on Thrombosis and Haemostasis



phatidylserine/prothrombin antibodies – co-existence of these anti-

bodies enhances ADP-induced platelet activation in vitro. Thromb

Haemost 2004; 91: 967–76.

9 Lien LM, ChenWH, ChiuHC, PanWH, Chen JR, Bai CH. High titer

of anticardiolipin antibody is associated with first-ever ischemic stroke

in Taiwan. Cerebrovasc Dis 2006; 22: 225–30.

10 Tuhrim S, Rand JH, Wu X, Horowitz DR, Weinberger J, Goldman

ME, Godbold JH. Antiphosphatidyl serine antibodies are indepen-

dently associated with ischemic stroke. Neurology 1999; 53: 1523–7.

11 Gonzales-Portillo F, McIntyre JA, Wagenknecht DR, Williams LS,

Bruno A, Biller J. Spectrum of antiphospholipid antibodies (aPL) in

patients with cerebrovascular disease. J Stroke Cerebrovasc Dis 2001;

10: 222–6.

12 Cheng H-W. Pathogenicity of antiphospholipid antibodies. In:

Immunophysiology of Antiphospholipid Antibodies. Austin, TX: RG

Landes Co, 1994: 67–89.

13 Carreras LO, Forastiero RR, Martinuzzo ME. Which are the best

biological markers of the antiphospholipid syndrome? J Autoimmun

2000; 15: 163–72.

14 Luong TH, Rand JH, Wu XX, Godbold JH, Gascon-Lema M,

Tuhrim S. Seasonal distribution of antiphospholipid antibodies.Stroke

2001; 32: 1707–11.

15 Rand JH. Antiphospholipid antibody syndrome: new insights on

thrombogenic mechanism. Am J Med Sci 1998; 316: 142–51.

16 Schultz DR. Antiphospholipid antibodies: basic immunology and

assays. Semin Arthritis Rheum 1997; 26: 724–39.

17 Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the diagnosis

of lupus anticoagulants: an update. Thromb Haemost 1995; 74: 1185–

90.

18 Galli M, Luciani D, Bertolini G, Barbui T. Lupus anticoagulants are

stronger risk factors for thrombosis than anticardiolipin antibodies in

the antiphospholipid syndrome: a systematic review of the literature.

Blood 2003; 101: 1827–32.

19 Nencini P, BaruffiMC, Abbate R, Massai G, Amaducci L, Inzitari D.

Lupus anticoagulant and anticardiolipin antibodies in young adults

with cerebral ischemia. Stroke 1992; 23: 189–93.

20 Brey RL, Stallworth CL, McGlasson DL, Wozniak MA, Wityk RJ,

Stern BJ, Sloan MA, Sherwin R, Price TR, Macko RF, Johnson CJ,

Earley CJ, Buchholz DW, Hebel JR, Kittner SJ. Antiphospholipid

antibodies and stroke in young women. Stroke 2002; 33: 2396–400.

21 Tuhrim S, Rand JH, Wu XX, Weinberger J, Horowitz DR, Goldman

ME, Godbold JH. Elevated anticardiolipin antibody titer is a stroke

risk factor in amultiethnic population independent of isotype or degree

of positivity. Stroke 1999; 30: 1561–5.

22 Heinzlef O, Abuaf N, Cohen A, Amarenco P; French Study of Aortic

Plaques in Stroke Group. Recurrent stroke and vascular events in

elderly patients with anticardiolipin antibodies: a prospective study.

J Neurol 2001;248: 373–9.

23 Metz LM, Edworthy S, Mydlarski R, Fritzler MJ. The frequency of

phospholipid antibodies in an unselected stroke population. Can J

Neurol Sci 1998; 25: 64–9.

24 Verro P, Levine SR, Tietjen GE. Cerebrovascular ischemic events with

high positive anticardiolipin antibodies. Stroke 1998; 29: 2245–53.

25 Tanne D, D�Olhaberriague L, Trivedi AM, Salowich-Palm L, Schultz

LR, Levine SR. Anticardiolipin antibodies and mortality in patients

with ischemic stroke: a prospective follow-up study. Neuroepidemiol-

ogy 2002; 21: 93–9.

26 Jerrard-Dunne P, Evans A, McGovern R, Hajat C, Kalra L, Rudd

AG, Wolfe CD, Markus HS. Ethnic differences in markers of

thrombophilia: implications for the investigation of ischemic stroke in

multiethnic populations: the South London Ethnicity and Stroke

Study. Stroke 2003; 34: 1821–6.

27 Markus HS, Khan U, Birns J, Evans A, Kalra L, Rudd AG, Wolfe

CD, Jerrard-Dunne P. Differences in stroke subtypes between black

andwhite patients with stroke: the South London Ethnicity and Stroke

Study. Circulation 2007; 116: 2157–64.

28 Hajat C, Tilling K, Stewart JA, Lemic-Stojcevic N, Wolfe CD. Ethnic

differences in risk factors for ischemic stroke: a European case–control

study. Stroke 2004; 35: 1562–7.

29 Jones JV, Eastwood BJ, Jones E, James H, Mansour M. Antiphosp-

holipid antibodies in a healthy population: methods for estimating the

distribution. J Rheumatol 1995; 22: 55–61.

30 Ahmed E, Stegmayr B, Trifunovic J, Weinehall L, Hallmans G,

Lefvert AK. Anticardiolipin antibodies are not an independent risk

factor for stroke: an incident case–referent study nested within the
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