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Antiphospholipid (aPL) antibodies are a heterogeneous
group of circulating autoantibodies directed against nega-
tively charged phospholipids and phospholipid-binding
proteins such as ß2-glycoprotein I (ß2-GPI) and
prothrombin1-4. Indeed, these proteins are the true antigenic
targets of autoimmune aPL antibodies, rather than phospho-
lipids per se1-4. The antiphospholipid syndrome (APS) is
characterized by the presence of aPL antibodies and at least
one clinical manifestation, such as venous or arterial throm-
bosis or recurrent fetal loss5,6. However, as thrombosis does
not occur in all patients with aPL antibodies, it is likely that
an additional factor(s) must be present for clinical manifes-
tations of APS to occur.

Much interest has recently been generated in the inher-
ited thrombophilic disorders. Inherited resistance to protein
C is due primarily to a single mutation in factor V, known as
factor V Leiden7-10. Activated protein C resistance as a result
of the factor V Leiden mutation is the most common inher-
ited condition leading to a hypercoagulable state. It is found
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ABSTRACT. Objective. To determine if the prevalence of 2 prothrombotic genetic factors, factor V Leiden and
prothrombin gene mutation, is increased in patients with antiphospholipid (aPL) antibodies with a history
of venous/arterial thrombosis compared to patients with aPL antibodies with no history of thrombosis.
Methods. One hundred fifty-seven patients with aPL antibodies were studied. The occurrence of
venous and arterial thrombotic events since the time of antibody detection was determined retro-
spectively, using appropriate clinical and diagnostic criteria. Clinical risk factors for thrombosis
were documented and included hypertension, hyperlipidemia, cigarette smoking, diabetes, positive
family history, use of oral contraceptive, pregnancy, trauma, hospitalization, varicose veins, and
malignancy. Genomic DNA was extracted from blood cells for determination of factor V Leiden
mutation G1691 → A and prothrombin mutation G20210 → A by polymerase chain reaction and restric-
tion fragment length polymorphism analysis. 
Results. Of 157 patients, 69 had a history of thrombosis (venous 37, arterial 32); 147 (94%) patients
had anticardiolipin (aCL) antibodies; 69 (45%) had lupus anticoagulant (LAC). The prevalence of
factor V Leiden in patients with thrombosis was 13% compared to 4.6% in patients without throm-
bosis (OR 3.11, CI 0.92–10.6). In patients with aCL antibodies, 15% of patients with arterial throm-
bosis had factor V mutation compared to 3.5% of patients without thrombosis (OR 4.9, CI 1.2–19.3).
The prothrombin gene mutation was identified in 5 patients, none of whom had thrombosis.
Stepwise logistic regression analysis indicated that LAC (p = 0.005), male sex (p = 0.04), and hyper-
tension (p = 0.03) were the strongest risk factors for developing thrombosis and that no additional
risk was conferred by factor V Leiden (p = 0.13) and prothrombin gene mutation.
Conclusion. Although the prevalence of factor V Leiden is modestly increased in patients with
autoimmune aPL antibodies and thrombosis, these results suggest that its detection does not signif-
icantly increase the risk of a thrombotic event, once other clinical risk factors have been considered.
Prothrombin gene mutation is not associated with thrombosis in patients with aPL antibodies. 
(J Rheumatol 2002;29:1683–8)
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in all European populations, at a frequency of 3–8%, and in
about 15–20% of patients who present with an initial deep
venous thrombosis. A separate mutation in the prothrombin
gene, described in 1996, has a prevalence of 2–5% in the
general population and is an additional independent risk
factor for venous thrombosis7-11. The clinical importance, if
any, of these common genetic thrombophilic disorders in
patients with autoimmune aPL antibodies remains
unclear12–17.

We examined the association between thrombosis and the
presence of factor V Leiden or the prothrombin gene muta-
tion in patients with aPL antibodies. Additional risk factors
for thrombosis were also studied. A priori, we hypothesized
that the presence of either factor V Leiden or prothrombin
gene mutation would be significantly increased in patients
with aPL antibodies who had a history of venous and/or
arterial thrombosis compared to patients with aPL anti-
bodies without clinical sequelae.

MATERIALS AND METHODS
Patients. This was a multicenter study in which patients were recruited
from 3 tertiary care referral centers (Dalhousie University, Halifax, Nova
Scotia; McGill University and Université de Montréal, Montreal, Quebec)
and one community based practice (Moncton, New Brunswick). All
patients with known aPL antibodies, identified through the lupus and
general rheumatology clinics at all sites and through the immunopathology
and hematology laboratories at the Queen Elizabeth II Health Sciences
Centre (QEII HSC) in Halifax, Nova Scotia, were invited to participate.
Patients had to have at least one positive test for aPL antibodies, as indi-
cated by either anticardiolipin (aCL) antibodies of any isotype (IgG, IgM,
or IgA) determined by ELISA, or lupus anticoagulant (LAC), as defined by
Brandt, et al18. Patients were either not receiving anticoagulants at the time
of testing or the coagulation assays used were not affected by anticoagulant
use. All patients with connective tissue diseases were routinely screened for
aPL antibodies in each of the participating centers. The study protocol was
approved by the Research Ethics Committee at the QEII HSC and other
participating institutions. All patients were offered appropriate counseling
in the event of a positive result on genetic testing.

Risk factors for thrombosis. Patients recruited at Dalhousie University and
Moncton, New Brunswick, were interviewed and their charts reviewed.
Data were collected by chart review only for patients recruited at McGill
University and Université de Montréal. Demographic data included current
age, sex, thrombosis history, associated connective tissue disease [i.e.,
systemic lupus erythematosus (SLE), rheumatoid arthritis, or other connec-
tive tissue disease], and atherosclerotic risk factors (i.e., hypertension,
diabetes, hypercholesterolemia, smoking, and family history). Hypertension
was defined as blood pressure ≥ 140/90 on 2 occasions or self-report by the
patient. Hypercholesterolemia was defined as low density lipoprotein level
≥ 2.6 mmol/l or self-report by the patient. Positive family history of athero-
sclerosis was defined as either the presence of a stroke or myocardial infarc-
tion in a first degree family member prior to the age of 60. Risk factors for
venous thrombosis were also investigated and included concurrent or recent
malignancy, pregnancy or postpartum state, use of oral contraceptives, vari-
cose veins, trauma, surgery, and/or immobilization. Information regarding
all risk factors was collected in relationship to whether thrombosis had or
had not occurred. Thus, in patients with a history of thrombosis, risk factors
were noted at the time of the first thrombotic event. If no thrombosis had
occurred, risk factors were recorded if they had been present at any time
since aPL antibodies were first detected. A history of thrombocytopenia (any
platelet count below the lower limit of normal for the testing laboratory)
and/or miscarriages, if applicable, was also recorded.

Thrombosis. A thrombotic event was defined as any of the following:
nonhemorrhagic stroke (confirmed on computer tomography or magnetic
resonance image), myocardial infarction (any 2 of typical acute cardiac
chest pain, electrocardiograph changes, and/or elevated CPK-MB), periph-
eral vascular disease as manifested by arterial ulcers or acute vascular limb
occlusion, deep venous thrombosis (observed on venography or duplex
ultrasound), or pulmonary embolism (diagnosed by V/Q scanning or
angiogram). Acute vascular occlusion, as recorded on the patient’s chart
(e.g., mesenteric infarction, retinal occlusion), was also accepted as a
thrombotic event. Documentation of a specific diagnostic test was obtained
in most cases, but in a minority of cases a thrombotic event was deemed to
have occurred on clinical assessment by the patient’s attending physician.
Fetal loss, for the purposes of this study, was not included as a thrombotic
event.

Detection of gene mutations. Roughly 30 ml of whole blood was obtained
with informed consent from each patient recruited at Dalhousie University
and Moncton, New Brunswick sites. Mononuclear cell pellets and frozen
whole blood were available for each patient recruited from McGill
University and Université de Montréal sites, respectively. Genomic DNA
was extracted from peripheral white blood cells and analyzed by poly-
merase chain reaction (PCR) and restriction endonuclease digestion as
described11,19 for both the factor V Leiden and prothrombin gene mutation
in the Hematology Laboratory, Department of Pathology, QEII HSC. The
factor V Leiden mutation consists of a G1691 → A transition that converts
Arg(506) to Gln. Since this change eliminates an Mnl1 restriction site, the
mutation is readily detected using PCR to amplify across the mutation site,
and Mnl1 digestion of amplicons. Undigested amplicons represent a
mutated allele. The most common prothrombin gene mutation is a G20210 →
A transition in the 3’ untranslated region of the gene. Since this mutation
generates a HindIII restriction site, it is readily detected by PCR amplifica-
tion using primers that flank the mutation site, along with HindIII digestion
of the amplicons. In this case, digested amplicons represent a mutated
allele.

Statistical analysis. Individuals were divided into 2 groups based upon the
presence or absence of thrombosis. Those without a history of thrombosis
formed the control group. Sample size was calculated by conservatively
estimating the risk of either or both of the genetic mutations (i.e., factor V
Leiden or prothrombin gene mutation) to be increased 4-fold (5% vs 20%)
in patients with aPL antibodies and thrombotic events, compared to patients
with aPL antibodies without thrombosis9. Thus, a sample of 150 patients
(75 in each group) would have 80% power to detect this difference at an
alpha of 0.05. Statistical tests included chi-square analysis for comparison
of proportions between groups, calculation of odds ratios, and logistic
regression techniques. The predictor variables entered into the regression
model included factor V Leiden, hypertension, smoking, diabetes mellitus,
recent surgery, sex, malignancy, thrombocytopenia, aCL of any isotype,
LAC, oral contraceptive use, pregnancy, and history of fetal loss.

RESULTS
Patient characteristics. One hundred fifty-seven subjects
were recruited (Table 1). The average age at time of study
recruitment was 45 years (range 19–81). Eighty-three
percent of the subjects were women. The number of indi-
viduals with primary and secondary APS was 18 (12%) and
51 (33%), respectively. One hundred thirty-three (85%)
subjects had an associated connective tissue disease, which
in the majority (124/133, 93%) was SLE.

Sixty-nine (44%) subjects had a history of thrombosis,
while 88 (56%) did not. Thirty-seven (54%) of these
presented initially with a venous thrombosis. Twenty-seven
patients had recurrent thrombosis, defined as 2 or more
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thrombotic events. Three of these patients had both recur-
rent arterial and venous thrombosis. Recurrent thrombotic
events were generally of the same type (i.e., arterial or
venous) as the original presentation (Table 2).

All patients had aPL antibodies, defined by the presence
of either elevated aCL antibodies (147/157, 94%) or LAC
(69/154, 45%). Fifty-nine (38%) patients had both elevated
aCL antibodies and LAC. The mean (± SD) duration of
followup since the first detection of aPL antibodies was 58
± 37 months, and this was not significantly different
between patients with and without thrombosis (62 ± 40 vs
55 ± 35; p = 0.24).

Factor V Leiden, prothrombin gene mutation, and throm-
bosis risk. Thirteen patients were identified with factor V
Leiden (all heterozygotes), 5 patients had the prothrombin
gene mutation, and 2 patients had both. The prevalence of
factor V Leiden was 9/69 (13%) in patients with thrombosis
(venous, arterial, or both) compared to 4/87 (4.6%) in
patients without thrombosis (OR 3.11, 95% CI 0.92–10.6)

(Table 3). In patients with isolated venous thrombosis, the
prevalence of factor V Leiden was 5/38 (13.2%) compared
to 8/118 (6.8%) in patients without thrombosis (OR 2.08,
95% CI 0.64–6.8). The prothrombin gene mutation was
identified in 5 patients, 2 of whom also had factor V Leiden.
None of these 5 patients had a history of thrombosis.

Subset analysis was performed to determine if the asso-
ciation between factor V Leiden and thrombosis varied with
the method used to detect aPL antibodies. In patients with
aCL antibodies, factor V Leiden was found in a significantly
higher proportion of patients with arterial thrombosis
compared to those without [5/33 (15%) vs 4/113 (3.5%); OR
4.9, 95% CI 1.2–19.3]. No such association was found for
LAC or for venous thrombosis.

Additional risk factors for thrombosis were also exam-
ined by univariate analysis (Table 4). Male sex was associ-
ated with an increased risk of thrombosis (OR 3.1, 95% CI
1.29–7.43) in patients with aPL antibodies, regardless of the
method used for antibody detection (i.e., either elevated aCL
antibodies or presence of LAC). The association with male
sex was present for patients who had either type of throm-
bosis or venous thrombosis only, but was not found in
patients who had isolated arterial thrombosis. Other risk
factors for arterial and venous thrombosis, including hyper-
tension, hyperlipidemia, smoking history, diabetes, family
history of atherosclerosis, trauma, recent surgery, varicose
veins, malignancy, oral contraceptive use, and pregnancy/
post-partum state were not associated with increased risk of
thrombosis in patients with aPL antibodies, regardless of the
method used for antibody detection. Thirty-six patients had
thrombocytopenia, which was not associated with throm-
bosis in patients with aPL antibodies (OR 1.79, 95% CI
0.84–3.79).
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Table 1. Demographic features of the study population.

Patients, n (%) 157 (100)
Age, yrs, mean (range) 45 (19–81)
Followup, mo, mean (range) 58 (0–183)
Female, n (%) 130 (83)
SLE, n (%) 124 (80)
Anticardiolipin antibody (aCL) n, positive (%) 147 (94)
Lupus anticoagulant (LAC) n, positive (%) 69 (45)
aCL and LAC positive, n (%) 59 (38)
Thrombosis, n (%) 69 (44)
Initial venous thrombosis, n (%) 37 (24)
Initial arterial thrombosis, n (%) 32 (21)
Primary APS, n (%) 18 (12)
Secondary APS, n (%) 51 (33)

Table 2. Pattern of recurrent thrombotic events.

Initial Thrombosis Recurrent Arterial Recurrent Venous Recurrent Arterial and
Thrombosis, n Thrombosis, n, Venous Thrombosis, n

(%) (%) (%)

Arterial 11 (84.6) 1 (7.7) 1 (7.7)
Venous 2 (14.3) 10 (71.4) 2 (14.3)

Table 3. Factor V Leiden and prothombin gene mutation in patients with aPL antibodies.

Mutation Thrombosis Thrombosis OR 95% CI
present, n Absent, n

(%) (%)

Factor V Leiden 9/69 (13.0) 4/87 (4.6) 3.11 0.92–10.6
Prothrombin 0/66 (0) 5/86 (5.8) NA NA

NA: Not available. The odds ratio and confidence interval could not be computed as no patient with thrombosis
had the prothrombin gene mutation.
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LAC, aCL antibodies, and thrombotic risk. The presence of
LAC was associated with an increased risk for both an
initial thrombosis (OR 2.96, 95% CI 1.53–5.74) and recur-
rent thrombosis (OR 3.65, 95% CI 1.45–9.17). However,
aCL antibodies were not associated with an increased risk of
isolated or recurrent thrombosis (OR 0.77, 95% CI
0.21–2.78, and OR 0.74, 95% CI 0.14–4.07, respectively)
(Table 5). Thrombosis was noted in 64/147 (44%) patients
with aCL antibodies. This prevalence rate did not differ
significantly between aCL antibody isotype (43%, 41%, and
50% for IgG, IgM, and IgA aCL, respectively).

The prevalence of factor V Leiden in patients with recur-
rent thrombosis was 4/27 (14.8%) compared to 4/88 (4.6%)
in patients without thrombosis (odds ratio = 3.65; CI =
0.85–15.74) (Table 6). Other risk factors were not predictive
of recurrent thrombotic events.

Multivariate analysis. To determine which of the many clin-
ical and laboratory variables were most strongly associated
with thrombosis, multivariate analysis was performed with
thrombosis as the dependent variable. Stepwise logistic

regression indicated that the presence of LAC (p = 0.003)
and male sex (p = 0.04) were the strongest risk factors for
developing thrombosis of any kind, and that no additional
risk was conferred by either factor V Leiden or prothrombin
gene mutation. When venous thrombosis was examined in
isolation, similar associations with LAC (p = 0.03) and male
sex (p = 0.01) were found. However, when the analysis was
restricted to patients with arterial thrombosis the only statis-
tically significant risk factor was hypertension (p = 0.03).

DISCUSSION
The prevalence of 2 prothrombotic genetic factors, factor V
Leiden and prothrombin gene mutation, was examined to
determine if they were more prevalent in patients with aPL
antibodies and a history of venous/arterial thrombosis
compared to patients with aPL antibodies with no history of
thrombosis. Although our results show an increased preva-
lence of factor V Leiden in patients with aPL antibodies and
a history of thrombosis, this was not statistically significant,
regardless of whether patients had a single thrombotic event

The Journal of Rheumatology 2002; 29:81686

Table 4. Association with traditional risk factors for thrombosis.

Risk Factor Venous or Arterial Venous Thrombosis Only, Arterial Thrombosis Only,
Thrombosis, OR (95% CI) OR (95% CI) OR (95%CI)

Male Sex 3.10 (1.29–7.43) 2.75 (1.14–6.63) 1.47 (0.56–3.86)
Hypertension 1.12 (0.57–2.21) 0.58 (0.25–1.36) 2.10 (0.91–4.84)
Hyperlipidemia 0.96 (0.45–2.06) 0.73 (0.28–1.86) 1.30 (0.50–3.40)
Smoking 1.35 (0.71–2.55) 0.96 (0.45–2.02) 1.66 (0.75–3.67)
Diabetes 0.86 (0.23–3.18) 1.42 (0.35–5.78) 0.43 (0.05–3.56)
Positive family history 1.10 (0.51–2.36) 0.68 (0.28–1.65) 1.80 (0.72–4.55)
Trauma 0.63 (0.06–7.05) 1.56 (0.14–17.70) NA
Recent surgery 0.23 (0.05–1.09) 0.61 (0.13–2.91) NA
Varicose veins NA NA NA
Malignancy 1.23 (0.17–8.95) 1.03 (0.10–10.19) 1.30 (0.13–12.95)
Use of oral contraceptive 1.52 (0.60–3.88) 1.00 (0.30–3.31) 1.81 (0.62–5.29)
Pregnancy/postpartum 0.38 (0.12–1.24) 0.42 (0.09–1.97) 0.50 (0.11–2.35)

NA: not available. Odds ratio and confidence interval could not be computed as no patient with thrombosis had
the prothrombin gene mutation.

Table 5. Thrombosis in patients with aPL antibodies: difference in risk between presence of aCL antibody and
lupus anticoagulant (LAC).

Assay Patients with Patients OR 95% CI
Thrombosis, without

n (%) Thrombosis, n (%)

aCL+ 64/69 (92.8) 83/88 (94.3) 0.77 0.21-2.78
LAC+ 40/67 (59.7) 29/87 (33.3) 2.96 1.53-5.74

Recurrent Recurrent
Thrombosis Thrombosis

Present, n (%) Absent, n (%)

aCL+ 25/27 (92.6) 84/89 (94.4) 0.74 0.14–4.07
LAC+ 17/26 (65.4) 30/88 (34.1) 3.65 1.45-9.17
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or recurrent thromboses. Some, but not all, previous studies
have suggested that factor V Leiden confers a relatively
small increase in the risk of thrombosis in patients with aPL
antibodies14,16,20,21. Our findings support this view.
Surprisingly, in subset analysis, factor V Leiden was signif-
icantly more common in patients with aCL antibodies and
arterial thrombosis. Although factor V Leiden and the
prothrombin gene mutation are generally linked with venous
thromboembolism, recent studies have also suggested an
association between these 2 genetic factors and arterial
thrombosis22,23.

Only 5 (3.2%) of the patients with aPL antibodies had a
prothrombin mutation and none of these patients had a
history of thrombosis. This is in agreement with a study in
which only one (1.4%) out of 74 patients with APS was
heterozygous for this mutation24. Given these findings, it is
interesting to speculate that this mutation may be “protec-
tive” against thrombosis in patients with aPL antibodies. It
is recognized that prothrombin is one of the major antigenic
targets of aPL antibodies; thus, a mutation at a critical anti-
genic site could modify antigen-antibody interactions and
thereby downregulate the procoagulant consequences of
aPL antibodies. Further studies are required to confirm this
clinical observation and to explore the potential effects of
the prothrombin gene mutation on the pathogenic effects of
antiprothrombin antibodies.

There have been very few studies examining the role of
clinical risk factors in patients with aPL antibodies. Reports
have suggested an increased risk of thrombosis in patients
with aPL antibodies taking oral contraceptives25,26. A retro-
spective study of 61 patients found male sex to be signifi-
cantly correlated with venous, but not arterial, thrombosis.
In the same study, hypertension, hyperlipidemia, and
smoking were also found to be significantly associated with
arterial thrombosis in patients with APS27. In our study, male
sex was also associated with an increased risk of throm-
bosis. Use of the oral contraceptive was increased in patients
with thrombosis, but this did not reach statistical signifi-
cance. Analysis of other “traditional” risk factors for both
arterial and venous thrombosis did not reveal any significant

relationships. This is surprising and may be due to the retro-
spective nature of this portion of the study protocol.
Alternatively, our findings may indicate that in patients with
aPL antibodies who are destined to develop thrombosis, the
risk is attributable entirely to the autoantibody and is inde-
pendent of concurrent thrombotic risk factors.

The presence of LAC appeared to confer a stronger risk
of thrombosis than aCL antibodies of any isotype. This risk
was increased in patients with recurrent thrombosis.
Horbach, et al have reported28 that although aCL antibodies
and LAC were independently associated with venous and
arterial thrombosis in their study population, multivariate
analysis indicated that LAC was the strongest predictor and
that no additional risk was conferred by the presence of aCL
antibodies. In our study, the lack of a statistically significant
association between aCL antibodies and thrombosis is due
to the very high prevalence (94%) of aCL antibodies in the
study population, which was highly selected to address the
primary research question. Thus, this does not preclude an
association between aCL antibodies and venous/arterial
thrombosis in the general population, as reported29-31.

Although a potential shortcoming, the retrospective
design of our study, was likely not a significant factor, in
view of the major study endpoints, namely genetic muta-
tions of coagulation factors and the presence or absence of
thrombosis. These endpoints rely upon objective criteria for
diagnosis. However, we did not examine the influence of
variables such as hyperhomocysteinemia, aPL antibody
titer, or duration of aPL antibody positivity on thrombosis
risk. We attained our recruitment target for study enroll-
ment, which was based upon the assumption of a 4-fold
increase (20% vs 5%) in the prevalence of factor V Leiden
and/or prothrombin gene mutation in the thrombosis group.
The presence of either mutation in only 13% of the throm-
bosis group accounts for the failure of the analytical data to
reach statistical significance, as the control group had the
expected prevalence of ≤ 5%. A total of 201 patients per
group would be required to reach a statistically significant
difference, assuming a continuation of the same trend in
mutation prevalence between groups. However, as indicated
by stepwise regression, the presence of either mutation did
not add to the thrombosis risk over and above that associ-
ated with male sex and LAC. On this basis, it is unlikely that
the coagulation factor mutations studied here are major
contributors to thrombosis risk in patients with aPL anti-
bodies.
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