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Summary

Asymptomatic antiphospholipid antibody (aPL) carriers with high risk for thrombosis may benefit 

from preventive anticoagulation.

It was our objective to test whether the risk of thrombosis increases with: 1) increasing titres of 

anticardiolipin antibodies (aCL) after adjustment for other cardiovascular risk factors and 2) the 

number of aPL detected.

In a cross-sectional study, blood was collected from clinics in two teaching hospitals. The study 

included 208 individuals suspected of having an aPL and 208 age- and sex-matched controls 

having blood drawn for a complete blood count.

Clinical variables included history of previous arterial (ATE) or venous (VTE) thrombotic events, 

traditional risk factors for cardiovascular disease, and systemic lupus erythematosus (SLE). 

Laboratory variables included IgG/IgM aCL, lupus anticoagulant, and IgG/IgM anti-β2-

glycoprotein I.

Mean age was 46.5 years and 83% were female. Seventy-five of the 416 participants had ≥ 1 aPL, 

and 69 had confirmed ≥ 1 ATE or VTE. Family history was positive in 48% of participants, 

smoking in 28%, hypertension in 16%, diabetes in 6%, and SLE in 20%. A 10-unit increase in 

aCL IgG titre was associated with an odds ratio (OR) [95% CI] of 1.07 [1.01–1.13] for ATE and 
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1.06 [1.02 – 1.11] for VTE. The odds of a previous thrombosis increased with each additional aPL 

detected: 1.5 [0.93–2.3] for ATE and 1.7 [1.1–2.5] for VTE.

These results indicate that increased titres of aCL and multiple aPL were associated with an 

increased risk of a previous thrombotic event.
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Introduction

New criteria for the diagnosis of antiphospholipid antibody syndrome (APS) have recently 

been proposed (1) and validated (2). These criteria require the presence of one clinical event 

(either thrombotic or obstetrical), accompanied by the persistence of an anticardiolipin 

antibody (aCL) in moderate to high titres or of a lupus anticoagulant antibody (LAC). The 

presence of antiphospholipid antibodies (aPL) has been associated with thrombotic events. 

More specifically, anticardiolipin antibodies (aCL), lupus anticoagulant antibodies (LAC), 

and anti-β2-glycoprotein I (aβ2GPI) antibodies have been implicated in arterial and venous 

thrombosis (3). Although aPL are associated with an increased risk of thrombosis, it remains 

unclear whether they are actively involved in the genesis of the blood clot itself or are 

indirect markers for another thrombophilic process. Furthermore, thrombosis develops in 

some, but not all, aPL positive individuals, suggesting the involvement of other 

thrombophilic factors in the development of aPL-related thrombotic events. Thus, at present, 

routine screening tests for aPL to identify those at higher risk for thrombosis are not 

recommended in the general population.

Since the treatment of thrombosis in APS implies lifelong oral anticoagulation, with a 1% to 

5% risk of a major bleed (4, 5), asymptomatic aPL carriers are not usually treated 

preventively unless their risk for thrombosis is deemed higher than their risk of major bleed. 

Rheumatologists and hematologists are confronted daily with the difficult decision of how to 

treat asymptomatic aPL carriers. Awaiting the development of a thrombosis before treating 

is sub-optimal, since the first event may be fatal or cause significant morbidity. Therefore, a 

means of separating asymptomatic aPL carriers into high versus low risk groups for 

thrombosis would greatly benefit this patient population, allowing the clinician to intervene 

before a devastating thrombotic event (TE) occurs.

It remains unclear how to best characterize the risk for thrombosis associated with aPL. The 

presence of aCL, LAC or aβ2GPI may each carry a different risk and so, the presence of 

each antibody can be considered as an independent exposure. Other types of exposures 

include the titres of the quantifiable aPL, the number of aPL detected and persistence of aPL 

presence over time. In this paper, we focus on aPL positivity, aCL titres, and the number and 

combinations of aPL as independent measures of exposure to aPL. We look at the 

association of these exposures with thrombosis in a cross-sectional analysis of an ongoing 

prospective cohort. This cohort will be followed prospectively for the development of 

incident thrombotic events.
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Study population and methods

Population

We selected a group of individuals with a high index of suspicion for the presence of an aPL 

and a second group with average suspicion for aPL. Specifically, two groups were identified: 

1) individuals whose treating physician had requested testing for either aCL or LAC (aPL-

request) and 2) age-, gender-, and site-matched individuals whose treating physicians had 

requested a routine complete blood count (CBC), but no aPL test (CBC-request). 

Participants were recruited from The McGill University Health Centre (MUHC) and Hôpital 

Maisonneuve-Rosemont (HMR), both university hospital test centres. All English- or 

French-speaking persons over the age of 18 years, who were identified in either of the two 

groups, were approached and asked to participate in the study. Participants completed a 

baseline evaluation questionnaire, provided a blood sample, and had their blood pressure 

measured. They also agreed to be contacted by phone semi-annually and to return to the 

clinic annually for blood samples and questionnaire completion. The study was reviewed 

and approved by Research Ethics Committees of MUHC and HMR.

Clinical data at baseline

The baseline questionnaire included the following items: demographic parameters (age, 

gender, race, education, income); medication usage; a list of comorbidities; history of 

venous, arterial and obstetrical events; family history of cerebrovascular accident (CVA), 

transient ischemic attack (TIA), myocardial infarction (MI) or angina in first-degree relatives 

(FMH); smoking; diabetes mellitus (DM); systemic lupus erythematosus (SLE); and 

hypertension (HBP). The primary outcome was defined as any previously documented 

arterial or venous thrombotic event. Arterial thrombotic events (ATE) were classified as 

CVA, TIA, MI, angina, or other sites of arterial thrombosis. Venous events (VTE) were 

classified as deep vein thrombosis (DVT), pulmonary embolism (PE), or other sites of 

venous thrombosis. Combined ATE and VTE will be referred to hereafter as TE. At 

baseline, all events reported to have occurred prior to entry into the study were reviewed by 

a physician blinded to aPL status. A TE was confirmed if there was 1) a positive diagnostic 

test, or 2) a clinical diagnosis by the treating physician. Only confirmed events were used in 

the analyses.

Laboratory tests at baseline

Participants were tested for IgG and IgM aCL, LAC, and IgG and IgM aβ2GPI. Plasma and 

serum were aliquotted and stored frozen at −70 degrees C. The laboratory technician 

performing the tests was blinded to the identity and the study group of the test samples. aCL 

was tested in the clinical laboratories of MUHC and HMR, using the Louisville assay 

(Louisville APL Diagnostics, Inc., Louisville, Kentucky, USA). LAC and aβ2GPI assays 

were performed in the Rheumatology Research Laboratory at the MUHC. LAC was detected 

using a dilute APTT assay (Automated APTT, Organon Teknika, Scarbo-rough, Ontario, 

Canada) in which the plasma tested was diluted 1:1 with normal plasma. Confirmation of 

LAC activity was performed by neutralization with hexagonal phase 

phosphatidylethanolamine (6). The aβ2GPI was measured by ELISA as described 
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previously (7), and positive results were confirmed by repeat testing. aPL positivity was 

defined as aCL (IgG or IgM) > 15, LAC ≥ 0.6 seconds, and/or aβ2GPI (IgG or IgM) ≥ 0.7.

Data analysis

All data were double-entered into Medlog (Medlog Systems, Incline Village, NV, USA) and 

discordant entries were verified. Analyses were performed using SAS (8). Means, for 

continuous variables, and proportions, for dichotomous variables, were calculated for each 

study group and the differences in means and proportions obtained, as well as the 95% 

confidence intervals (CIs) for these differences. Point estimates and 95% CIs were 

calculated for the difference between the aPL- and CBC-request groups in the proportions 

with previous confirmed thrombotic events and reported obstetric events. Within each 

request group, point estimates and 95% CIs were calculated for the difference in proportions 

of thrombotic and obstetric events in those who actually tested positive or negative for aPLs. 

Finally, the difference in proportions of these events in those testing positive or negative for 

aPLs, and the corresponding 95% CIs, were obtained for the entire group.

For the logistic regression models described below, we performed the analysis for each 

group (aPL-request and CBC-request) as well as for the overall population. In each model, 

the variable of interest was presence of aPL. This was defined in the following ways: aPL 

isotype titre, as a continuous or dichotomous variable; number of different types of aPL 

present, regardless of isotype; and combinations of aPL present. We adjusted for study group 

and for traditional cardiovascular disease (CVD) risk factors if they either had a confounding 

effect on the main variable or if they showed an important association with the outcome 

variable. The models with TE as outcome included as covariates study group, family history 

of CVD, gender, and hypertension, while the models with ATE as outcome included these 

variables as well as age. However, the models with VTE as outcome were adjusted only for 

study group, as none of the other variables acted as confounders. For the analyses performed 

within groups, study group was not included as a covariate.

The number of antibodies was defined as the total number of different aPL antibodies found 

in the blood sample. If two isotypes of an aPL were present, this was counted as only one 

aPL. For example, a value of 2 for this variable would mean that a patient had either aCL 

(IgG and/or IgM) with LAC, aCL (IgG and/or IgM) with aβ2GPI (IgG and/or IgM), or LAC 

with aβ2GPI (IgG and/or IgM).

In order to identify antibody profiles that were associated with a higher risk of having 

confirmed thrombosis prior to baseline, we performed logistic regression using ATE, VTE, 

and TE as the dependent variables in separate models, and specific combinations of aPL, 

represented by indicator variables, as covariates. The antibody combinations included were: 

aCL (IgG and/or IgM) only, LAC only, aCL plus LAC, aCL plus aβ2GPI, and all three 

antibodies. The reference category was the absence of all three antibodies. It was not 

possible to accurately estimate the regression parameters for the aβ2GPI-only or the LAC/

aβ2GPI subgroups in any of these models, as none of the 6 subjects with aβ2GPI alone 

experienced any thrombotic events and there were no subjects in the LAC/aβ2GPI subgroup. 

Similarly, it was not possible to accurately estimate these parameters for the aCL/aβ2GPI 

subgroup in the models with VTE as the outcome. Subjects in these subgroups were omitted 
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from this portion of the analyses to avoid biasing the regression parameter estimates for the 

other antibody combinations.

Results

Of a total of 576 persons approached, 92 declined and 14 were excluded due to their 

inability to speak either English or French. Four hundred and seventy (470) persons 

provided informed consent. Of these, 208 aCL/LAC-tested individuals were age-, gender- 

and referral center-matched to 208 CBC-tested individuals. Forty-eight CBC-tested and six 

aCL/LAC-tested individuals could not be matched and were not studied further.

Description of confirmed events at baseline

One hundred twenty-eight TE were confirmed in 69 participants: 13 with CVA, 5 with TIA, 

15 with MI, 9 with angina, 32 with DVT, 14 with PE, 2 with amaurosis fugax and 6 with 

other thrombotic events. The number of events per person were as follows: CVA (nine with 

one, three with two, one with four); TIA (one each); DVT (22 with one, five with two, three 

with three, and two with four); PE (twelve with one, two with two); amaurosis fugax (one 

each); and other thrombotic events (two with a lacunar infarct, two with renal thrombosis, 

one with three femoral arterial occlusions, and one with Budd-Chiari and a ureteral artery 

infarct).

Characteristics of the cohort

Characteristics of the cohort of 416 participants are shown in Table 1. The mean age was 

46.5 years and 83% were female. No clinically important differences in education or ethnic 

group were seen between the aPL-request and the CBC-request groups. Smoking was 

reported in 28% of the cohort, HBP in 16%, DM in 6%, SLE in 20%, and FMH in 48%. As 

expected, prednisone, hydroxychloroquine, aspirin, and warfarin use were higher in the aPL-

request group. There was also a clinically relevant difference in the number of people in 

each group with confirmed thrombotic events, multiple thrombotic events, and reported 

obstetrical events, with the percent risk being higher for the aPL-request group and the 95% 

CI for the percent risk difference excluding zero.

Table 2 shows the number and percentage of individuals who tested positive for aPL. As 

expected, the percentage of individuals who tested positive for aPL was higher in the aPL-

request group for all aPL except aβ2GPI IgM. The frequency of aCL IgG and LA were 

highest among all of the aPL and similar within each group (~15–16% in the aPL-request 

group and ~8–10% in the CBC-request group). The percentage of individuals with aβ2GPI 

IgG was low (4.3% in the aPL-request group and 2.7% in the CBC-request group). Seventy-

five (18%) of all participants had at least one aPL. Of these, 26 had aCL only, 20 had LA 

only, 6 had aβ2GPI only, 3 had both aCL and aβ2GPI, 12 had both LA and aCL, and 8 were 

positive for all three aPL (data not shown). None of the subjects were positive for LA and 

aβ2GPI, and aβ2GPI status was unknown for one subject who was otherwise aPL-negative. 

When aPL-positive and aPL-negative study participants were compared, regardless of 

original request group, a higher proportion of aPL-positive participants were found to have 

HBP, SLE, and FMH (results not shown).
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Table 3 shows the proportions of confirmed TE and reported obstetrical events by study 

group and, within each study group, by aPL antibody status. The percent risk difference 

[95% CI] for TE in the aPL-request group was 23.3 [9.0 to 37.5], well into the range of 

clinically relevant difference. In contrast, the percent risk difference was shifted towards a 

less clinically relevant range for the CBC-request group (7.3 [−9.3 to 23.8]). For the pooled 

population, the percent risk difference was 25.3 [13.8 to 36.7], and the entire 95% CI was in 

the clinically relevant range. Similarly, more obstetric events were reported in aPL-positive 

subjects in the aPL-request group (percent risk difference [95% CI] = 15.8 [0.1 to 30.9]), 

with the difference reaching clinical relevance. A smaller difference was observed in the 

CBC-request group (percent risk difference [95% CI] = 2.9 [−16.1 to 21.9]).

Association of aCL with thrombosis

Table 4 shows the adjusted odds ratios (OR) and 95% CI for the associations between aCL 

IgG or IgM and ATE, VTE, or TE, for all 416 subjects. When the associations were modeled 

with the aCL IgG titre as a dichotomous variable, the ORs and their 95% CIs were in a 

clinically relevant range for VTE and TE. Similarly, the associations between aCL IgG titre, 

as a continuous variable, and ATE, VTE, or TE were all clinically relevant. For aCL IgM, 

the ORs were closer to 1 than those for aCL IgG, when aCL IgM presence was modelled as 

a dichotomous variable, and were similar to those for aCL IgG, when aCL IgM presence 

was modelled as a continuous variable. However, the confidence intervals were wider and 

included values that were outside the range of clinical relevance when either the 

dichotomous or continuous variable was used. Presence of aCL, regardless of isotype, was 

associated with both VTE and TE. Similar results were found when the analysis was 

restricted to those in the aPL-request group (results not shown).

Association of the number of different aPL present, and aPL profiles, with thrombosis

Table 5 shows the estimated adjusted ORs and 95% CI for the associations of ATE, VTE, or 

TE with the presence of each additional aPL, and with specific aPL combinations, for the 

pooled population. One subject in the CBC-request group was excluded from this analysis 

because his or her aβ2GPI status was not available. The ORs for a 1-antibody increase were 

1.5, 1.7, and 1.7 for the models with ATE, VTE, and TE as the outcome, respectively. As the 

95% CI excluded 1.0 in the models with either VTE or TE as the outcome, these values can 

be considered to be within the clinically relevant range. In these regression models, the type 

of aPL antibody involved was not taken into account.

In the regression models with aPL combinations as the main variables, ORs and 95% CIs 

could not be accurately estimated for the subgroup with aβ2GPI alone (n = 6), due to the 

lack of thromboses. For the same reason, ORs and 95% CIs could not be estimated for the 

subgroup with aCL and aβ2GPI in models with VTE as the outcome (n = 3), and the OR 

estimates for this subgroup lacked precision in the other models. aCL with LAC was the 

combination with the highest OR for TE. Comparatively equivalent OR were found for aCL 

only, LAC only, aCL and aβ2GPI, and all three aPL. Similar results were found when the 

analysis was restricted to the aPL-request group (data not shown).
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Discussion

We have described an association between thrombosis and the presence of aCL (IgG or 

IgM), after adjusting for traditional cardiovascular risk factors. The association of aCL with 

thrombosis increased with increasing titres of aCL (IgG or IgM). We have also found that 

the odds of having a confirmed thrombosis increased with each additional aPL detected and 

that LAC, in combination with aCL, was most strongly associated with previous TE (in 

particular, VTE).

Our cohort presents some limitations. The presence of aPL is a relatively rare condition, 

with a prevalence of 1.2–5.6% for aCL, 1.0–4.2% for aCL IgG, 1.0–5.0% for aCL IgM and 

3.6% for LAC among healthy controls (9–14) and, furthermore, not all persons with aPL 

develop thrombosis. Therefore, an extremely large sample would be required to observe, 

prospectively, the development of TE in asymptomatic aPL carriers. A longitudinal study of 

such a population would be costly, impractical and inefficient. For this reason, we identified 

and followed prospectively two groups of individuals based on the level of suspicion 

(average or high) for the presence of aPL. This might have created a channeling bias that 

could cause confounding between group status and risk for thrombosis, resulting in 

overestimation of the association between aPL presence and thrombotic events. Therefore, 

we analyzed our data on the basis of the true aPL status within each group and for the 

pooled population, and adjusted for study group when analyzing the pooled population. In 

addition, the precision of our estimates, especially in our analysis of aPL combinations, was 

limited by the low number of subjects in some of the aPL categories. In particular, the small 

number of patients with aβ2GPI affected the OR estimates and 95% CIs for aPL profiles that 

included this antibody. Thus, although our study design allows for the generation of 

interesting hypotheses and the description of potentially important associations, it does not 

allow us to comment on causality between aPL status and thrombosis. Furthermore, it is 

impossible to determine if there is a cause-and-effect or a temporal relationship between the 

presence of aPL and thrombosis.

Our study demonstrates that aCL IgG in higher titres was associated with an increased risk 

of both ATE and VTE, even after adjustment for cardiovascular risk factors. This concurs 

with findings of previous studies that adjusted for cardiovascular risks (15–20).

We also show that the risk of thrombosis increases with the number of aPL present, such that 

the risk for TE nearly doubles with each additional antibody. Other studies have commented 

on the role of multiple thrombophilic markers in increasing the risk of thrombosis, but were 

limited either by the number of patients (21) or analyses restricted to genetic thrombophilic 

risk factors (22–24). We, then, explored which aPL or combination of aPL was associated 

with higher odds of thrombosis and found that LAC, in combination with aCL, was 

associated with the highest odds for TE and VTE, but not ATE. This concurs with previous 

studies (25, 26). Similarly, higher odds of ATE or VTE were associated with LAC alone (27, 

28) or aCL alone (19, 29). A very high odds for ATE was associated with the combination of 

aCL and aβ2GPI, but the confidence intervals were very wide, making it unclear whether 

this finding is clinically relevant. Some studies (30–35) have found an association with 

aβ2GPI alone and thrombosis, while others (36–39) only showed an association for VTE 
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when aβ2GPI was found with concomitant aCL. The range of aβ2GPI titres reported in 

these studies may explain this discrepancy. Cuadrado (40) found aβ2GPI to be associated 

with recurrent thrombosis only in the highest titres.

In conclusion, we have established a cohort of individuals selected for high or average 

suspicion of having an aPL, in order to prospectively monitor thrombotic events. Here, we 

report on aPL status and previous thrombotic events at entry into the cohort. Our findings 

demonstrate that, after adjustment for cardiovascular risk factors, the presence of aCL is 

associated with thrombosis. Furthermore, higher titres of aCL increase the odds for 

thrombosis. Importantly, we have shown that the risk for thrombosis increases with each 

additional aPL. Finally, we demonstrate that different combinations of aPL may be 

associated with varying odds of thrombosis. Classification of patients with aPL at high or 

low risk for thrombosis is an essential step towards achieving the goal of preventing the 

occurrence of thrombosis in asymptomatic aPL carriers.

Acknowledgments

We are grateful to Rebecca Subang, Zacharo Katsenos, Irina Savina, Uduak Idiong, Marie-Louise Alonso, and 
Karine Nadeau for their technical assistance in performance of laboratory assays.

Financial support: Supported by operating grants from The Arthritis Society (#97/0007 [PRF]; #97/0009 [JR]) and 
an operating grant from the CIHR (#89548 [PRF]; #MT-42391 [JR]). Dr. Fortin is a Senior Research Scholar 
(#95093) of The Arthritis Society and partly supported by The Arthritis Centre of Excellence, Arthritis and 
Autoimmune Research Centre Foundation, University of Toronto.

References

1. Wilson WA, Gharavi AE, Koike T, et al. International consensus statement on preliminary 
classification criteria for definite antiphospholipid syndrome: report of an international workshop. 
Arthritis Rheum. 1999; 42:1309–11. [PubMed: 10403256] 

2. Lockshin MD, Sammaritano LR, Schwartzman S. Validation of the Sapporo criteria for 
antiphospholipid syndrome. Arthritis Rheum. 2000; 43:440–3. [PubMed: 10693886] 

3. Levine JS, Branch DW, Rauch J. The anti-phospholipid syndrome. N Engl J Med. 2002; 346:752–
63. [PubMed: 11882732] 

4. Beyth RJ, Quinn LM, Landefeld CS. Prospective evaluation of an index for predicting the risk of 
major bleeding in outpatients treated with warfarin. Am J Med. 1998; 105:91–9. [PubMed: 
9727814] 

5. Palareti G, Leali N, Coccheri S, et al. Bleeding complications of oral anticoagulant treatment: an 
inception- cohort, prospective collaborative study (ISCOAT). Italian Study on Complications of 
Oral Anticoagulant Therapy. Lancet. 1996; 348:423–28. [PubMed: 8709780] 

6. Rauch J, Tannenbaum M, Neville C, Fortin PR. Inhibition of lupus anticoagulant activity by 
hexagonal phase phosphatidylethanolamine in the presence of prothrombin. Thromb Haemost. 
1998; 80:936–41. [PubMed: 9869164] 

7. Price BE, Rauch J, Shia MA, et al. Anti-phospholipid autoantibodies bind to apoptotic, but not 
viable, thymocytes in a beta 2-glycoprotein I-dependent manner. J Immunol. 1996; 157:2201–8. 
[PubMed: 8757347] 

8. SAS Institute Inc.. The SAS System for Windows (8.2). Cary, North Carolina: The SAS Institute; 
2002. 

9. el Roeiy A, Gleicher N. Definition of normal autoantibody levels in an apparently healthy 
population. Obstet Gynecol. 1988; 72:596–602. [PubMed: 3262207] 

10. Briley DP, Coull BM, Goodnight SH Jr. Neurological disease associated with antiphospholipid 
antibodies. Ann Neurol. 1989; 25:221–7. [PubMed: 2729912] 

Neville et al. Page 8

Thromb Haemost. Author manuscript; available in PMC 2012 October 26.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



11. Fields RA, Toubbeh H, Searles RP, Bankhurst AD. The prevalence of anticardiolipin antibodies in 
a healthy elderly population and its association with antinuclear antibodies. J Rheumatol. 1989; 
16:623–5. [PubMed: 2787862] 

12. Shi W, Krilis SA, Chong BH, Gordon S, Chesterman CN. Prevalence of lupus anticoagulant and 
anticardiolipin antibodies in a healthy population. Aust N Z J Med. 1990; 20:231–6. [PubMed: 
2115326] 

13. Phadke KV, Phillips RA, Clarke DT, Jones M, Naish P, Carson P. Anticardiolipin antibodies in 
ischaemic heart disease: marker or myth? Br Heart J. 1993; 69:391–4. [PubMed: 8518060] 

14. Juby AG, Davis P. Prevalence and disease associations of certain autoantibodies in elderly patients. 
Clin Invest Med. 1998; 21:4–11. [PubMed: 9512879] 

15. Wu R, Nityanand S, Berglund L, Lithell H, Holm G, Lefvert AK. Antibodies against cardiolipin 
and oxidatively modified LDL in 50-year- old men predict myocardial infarction. Arterioscler 
Thromb Vasc Biol. 1997; 17:3159–63. [PubMed: 9409306] 

16. Levine SR, Salowich-Palm L, et al. IgG anti-cardiolipin antibody titer > 40 GPL and the risk of 
subsequent thrombo-occlusive events and death. A prospective cohort study. Stroke. 1997; 
28:1660–5. [PubMed: 9303006] 

17. Vaarala O, Manttari M, Manninen V, et al. Anti-cardiolipin antibodies and risk of myocardial 
infarction in a prospective cohort of middle-aged men. Circulation. 1995; 91:23–7. [PubMed: 
7805207] 

18. Glueck CJ, Lang JE, Tracy T, Sieve-Smith L, Wang P. Evidence that anticardiolipin antibodies are 
independent risk factors for atherosclerotic vascular disease. Am J Cardiol. 1999; 83:1490–4. A8. 
[PubMed: 10335769] 

19. Finazzi G, Brancaccio V, Moia M, et al. Natural history and risk factors for thrombosis in 360 
patients with antiphospholipid antibodies: a four-year prospective study from the Italian Registry. 
Am J Med. 1996; 100:530–6. [PubMed: 8644765] 

20. Zuckerman E, Toubi E, Shiran A, et al. Anticardiolipin antibodies and acute myocardial infarction 
in non- systemic lupus erythmatosus patients: a controlled prospective study. Am J Med. 1996; 
101:381–6. [PubMed: 8873508] 

21. Kenet G, Sadetzki S, Murad H, et al. Factor V Leiden and antiphospholipid antibodies are 
significant risk factors for ischemic stroke in children. Stroke. 2000; 31:1283–8. [PubMed: 
10835445] 

22. Salomon O, Steinberg DM, Zivelin A, et al. Single and combined prothrombotic factors in patients 
with idiopathic venous thromboembolism: prevalence and risk assessment. Arterioscler Thromb 
Vasc Biol. 1999; 19:511–8. [PubMed: 10073951] 

23. Pablos JL, Caliz RA, Carreira PE, et al. Risk of thrombosis in patients with antiphospholipid 
antibodies and factor V Leiden mutation. J Rheumatol. 1999; 26:588–90. [PubMed: 10090167] 

24. Galli M, Finazzi G, Duca F, Norbis F, Moia M. The G1691 → A mutation of factor V, but not the 
G20210 → A mutation of factor II or the C677 → T mutation of methylenetetrahydrofolate 
reductase genes, is associated with venous thrombosis in patients with lupus anticoagulants. Br J 
Haematol. 2000; 108:865–70. [PubMed: 10792297] 

25. Nojima J, Suehisa E, Akita N, et al. Risk of arterial thrombosis in patients with anticardiolipin 
antibodies and lupus anticoagulant. Br J Haematol. 1997; 96:447–50. [PubMed: 9054646] 

26. Gattorno M, Buoncompagni A, Molinari AC, et al. Antiphospholipid antibodies in paediatric 
systemic lupus erythematosus, juvenile chronic arthritis and overlap syndromes: SLE patients with 
both lupus anticoagulant and high-titre anticardiolipin antibodies are at risk for clinical 
manifestations related to the anti-phospholipid syndrome. Br J Rheumatol. 1995; 34:873–81. 
[PubMed: 7582730] 

27. Ginsberg JS, Wells PS, Brill-Edwards P, et al. Antiphospholipid antibodies and venous 
thromboembolism. Blood. 1995; 86:3685–91. [PubMed: 7579334] 

28. Horbach DA, van Oort E, Donders RC, Derksen RH, de Groot PG. Lupus anticoagulant is the 
strongest risk factor for both venous and arterial thrombosis in patients with systemic lupus 
erythematosus. Comparison between different assays for the detection of antiphospholipid 
antibodies. Thromb Haemost. 1996; 76:916–24. [PubMed: 8972011] 

Neville et al. Page 9

Thromb Haemost. Author manuscript; available in PMC 2012 October 26.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



29. The Antiphospholipid Antibodies in Stroke Study (APASS) Group. Anticardiolipin antibodies are 
an independent risk factor for first ischemic stroke. Neurology. 1993; 43:2069–73. [PubMed: 
8413969] 

30. Wahl DG, De Maistre E, Guillemin F, Regnault V, Perret-Guillaume C, Lecompte T. Antibodies 
against phospholipids and beta 2-glycoprotein I increase the risk of recurrent venous 
thromboembolism in patients without systemic lupus erythematosus. QJM. 1998; 91:125–30. 
[PubMed: 9578894] 

31. Gomez-Pacheco L, Villa AR, Drenkard C, Cabiedes J, Cabral AR, Alarcon-Segovia D. Serum anti-
beta2-glycoprotein-I and anticardiolipin antibodies during thrombosis in systemic lupus 
erythematosus patients. Am J Med. 1999; 106:417–23. [PubMed: 10225244] 

32. McNally T, Mackie IJ, Machin SJ, Isenberg DA. Increased levels of beta 2 glycoprotein-I antigen 
and beta 2 glycoprotein-I binding antibodies are associated with a history of thromboembolic 
complications in patients with SLE and primary antiphospholipid syndrome. Br J Rheumatol. 
1995; 34:1031–6. [PubMed: 8542203] 

33. Fiallo P, Tomasina C, Clapasson A, Cardo PP. Antibodies to beta(2)-glycoprotein I in ischemic 
stroke. Cerebrovasc Dis. 2000; 10:293–7. [PubMed: 10878435] 

34. Tsutsumi A, Matsuura E, Ichikawa K, Fujisaku A, Mukai M, Kobayashi S, et al. Antibodies to beta 
2-glycoprotein I and clinical manifestations in patients with systemic lupus erythematosus. 
Arthritis Rheum. 1996; 39:1466–74. [PubMed: 8814057] 

35. Forastiero RR, Martinuzzo ME, Cerrato GS, Kordich LC, Carreras LO. Relationship of anti beta2-
glycoprotein I and anti prothrombin antibodies to thrombosis and pregnancy loss in patients with 
antiphospholipid antibodies. Thromb Haemost. 1997; 78:1008–14. [PubMed: 9308745] 

36. Cucurull E, Espinoza LR, Mendez E, et al. Anticardiolipin and anti-beta2glycoprotein-I antibodies 
in patients with systemic lupus erythematosus: comparison between Colombians and Spaniards. 
Lupus. 1999; 8:134–41. [PubMed: 10192508] 

37. Zanon E, Prandoni P, Vianello F, Saggiorato G, Carraro G, Bagatella P, et al. Anti-beta2-
glycoprotein I antibodies in patients with acute venous thromboembolism: prevalence and 
association with recurrent thromboembolism. Thromb Res. 1999; 96:269–74. [PubMed: 
10593429] 

38. Palosuo T, Virtamo J, Haukka J, et al. High antibody levels to prothrombin imply a risk of deep 
venous thrombosis and pulmonary embolism in middle-aged men—a nested case-control study. 
Thromb Haemost. 1997; 78:1178–82. [PubMed: 9364981] 

39. Vaarala O, Puurunen M, Manttari M, Manninen V, Aho K, Palosuo T. Antibodies to prothrombin 
imply a risk of myocardial infarction in middle-aged men. Thromb Haemost. 1996; 75:456–9. 
[PubMed: 8701407] 

40. Cuadrado MJ, Tinahones F, Camps MT, et al. Antiphospholipid, anti-beta 2-glycoprotein-I and 
anti-oxidized-low- density-lipoprotein antibodies in antiphospholipid syndrome. QJM. 1998; 
91:619–26. [PubMed: 10024916] 

Neville et al. Page 10

Thromb Haemost. Author manuscript; available in PMC 2012 October 26.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Neville et al. Page 11

Table 1

Demographic characteristics, cardiovascular risk factors, medications, and previous thrombotic and obstetrical 

events at baseline.

aPL request
N=208

CBC request
N=208

Total

Age in years, mean (SD) 46.3 (14.2) 46.6(14.2) 46.5 (14.2)

Education in years, mean (SD)* 12.7 (2.5) 13.0 (2.8) 12.9 (2.7)

Gender, % female 173 (83.2) 173 (83.2) 346 (83.2)

Race, % Caucasian 178 (85.6) 172 (82.7) 350 (84.1)

Smoking (%) 59 (28.4) 56 (26.9) 115(27.6)

HBP (%)† 34(16.4) 33(15.9) 67(16.1)

DM (%)† 9 (4.3) 14(6.7) 23 (5.5)

SLE (%)† 82 (39.4) 3(1.4) 85 (20.4)

FMH (%)† 109(52.4) 92 (44.2) 201 (48.3)

Prednisone (%) 35(16.8) 1 (0.5) 36 (8.7)

Hydroxychloroquine (%) 52 (25.0) 2(1.0) 54(13.0

Acetylsalicylic acid (%) 46 (28.9) 15(13.5) 61 (21.2)

Warfarin (%) 28(13.5) 4(1.9) 32 (7.7)

Estrogen (%)* 25 (14.5) 37(21.4) 62(17.9)

Confirmed thrombotic events (%)§ 57 (27.4) 12(5.8) 69 (16.6)

Thrombotic events >1 (%)§ 25 (12.0) 2(1.0) 27 (6.5)

Reported miscarriages (%)* 0 (0.0) 1 (0.5) 1 (0.2)

Reported fetal loss (%)*§ 30 (17.3) 12 (6.9) 42 (12.1)

Reported premature births (%)* 13 (7.5) 9 (5.2) 22 (6.4)

*
For education, N = 201 and 206 for the aPL request and CBC request groups, respectively; for estrogen and obstetrical events, N = 173 each for 

the aPL request and CBC request females, respectively.

†
HBP = high blood pressure; DM = diabetes mellitus; SLE = systemic lupus erythematosus; FMH = family history for CVD.

§
Risk difference (95% CI) = 21.6% (14.8% to 28.5%) for confirmed thrombotic events > 1; 11.1 % (6.4% to 15.7 %) for thrombotic events > 1; and 

10.4% (3.6% to 17.2%) for reported fetal loss.
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Table 2

Number and percentage of individuals testing positive for aPL.

aPL measured aPL request
N=208

CBC request
N= 207*

Total
N=415

aCL (IgG or IgM)† 43 (20.7)§ 6 (2.9) 49(11.8)

aCL IgG† 32(15.4) 2(1.0) 34 (8.2)

aCL IgM† 21(10.1) 5 (2.4) 26 (6.3)

LAC† 33 (15.9) 7 (3.4) 40 (9.6)

aβ2GPI (IgG or IgM)† 12(5.8) 5 (2.4) 17(4.1)

aβ2GPI (IgG)† 9 (4.3) 2 (0.9) 11 (2.7)

aβ2GPI (IgM)† 3(1.4) 4(1.9) 7(1.7)

*
aβ2GPI status was not available for one person in the CBC-request group.

†
aPL positivity were defined as follows: aCL (IgG or IgM) > 15, LAC ≥ 0.6 seconds, and aβ2GPI (IgG or IgM) ≥0.7.

§
Number (%) of individuals positive in the group
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Table 4

Association of aCL IgG or IgM and thrombosis in the pooled population (N = 416).

OR (95% CI)

ATE*† VTE*† TE*†

aCL IgG titre > 15‡ 2.38 (0.90 to 6.33) 5.72 (2.54 to 12.88) 5.20 (2.29 to 11.78)

aCL IgG titre (per 10-unit difference) 1.07 (1.01 to 1.13) 1.06 (1.02 to 1.11) 1.08 (1.03 to 1.13)

aCL IgM titre > 15‡ 1.95 (0.62 to 6.10) 1.87 (0.68 to 5.13) 2.25 (0.88 to 5.73)

aCL IgM titre (per 10-unit difference) 1.05 (0.92 to 1.21) 1.05 (0.94 to 1.18) 1.60 (0.95 to 1.18)

aCL IgG or IgM positive§ 1.81 (0.74 to 4.43) 3.18 (1.50 to 6.77) 2.98 (1.45 to 6.10)

*
ATE = arterial thrombotic events; VTE = venous thrombotic events; TE = arterial or venous thrombotic events.

†
ATE models are adjusted for study group, family history, sex, hypertension, and age; VTE models are adjusted for study group; and TE models 

are adjusted for study group, family history, sex, and hypertension.

‡
For aCL IgG or IgM titre (dichotomous), the reference category is ≤ 15.

§
For aCL IgG or IgM (dichotomous), the reference category is aCL negative individuals.
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Table 5

Association of the number of different aPL present, and aPL profiles, with thrombosis for the pooled 

population (N = 415).

OR (95% CI)

ATE*† VTE*† TE*†

Number of aPL antibodies present (per 1-antibody difference) 1.46 (0.93 to 2.27) 1.69 (1.14 to 2.50) 1.70 (1.16 to 2.51)

Profile†

 aCL only 1.89 (0.55 to 6.46) 3.02(1.11 to 8.23) 3.13 (1.24 to 7.90)

 LAC only 2.43 (0.68 to 8.67) 1.63 (0.43 to 6.20) 1.99 (0.67 to 5.92)

 aCL + LAC 1.05(0.21 to 5.35) 6.32 (1.86 to 21.45) 3.33 (0.90 to 12.25)

 aCL + aβ2GPI 8.20 (0.66 to 102.60) NI 2.61 (0.22 to 30.49)

 aCL + LAC + aβ2GPI 3.20 (0.60 to 17.18) 2.47 (0.45 to 13.40) 3.11 (0.65 to 15.04)

*
ATE = arterial thrombotic events; VTE = venous thrombotic events; TE = arterial or venous thrombotic events. N = 409, 406, and 409 for the 

models with ATE, VTE, and TE as the outcomes, respectively.

†
ATE models are adjusted for study group, family history, sex, hypertension, and age; VTE models are adjusted for study group; and TE models 

are adjusted for study group, family history, sex, and hypertension.

‡
The reference category was the absence of all three antibodies. NI = not included in the model. The categories “aβ2GPI only” and “LAC + 

aβ2GPI” were not included in any of the regression models, as none of the subjects with only aβ2GPI had any thrombotic events, and no one had 
the LAC + aβ2GPI antibody combination. The category “aCL + aβ2GPI” was not included in the model with VTE as the outcome due to a lack of 
thrombotic events.

Thromb Haemost. Author manuscript; available in PMC 2012 October 26.


	Summary
	Introduction
	Study population and methods
	Population
	Clinical data at baseline
	Laboratory tests at baseline
	Data analysis

	Results
	Description of confirmed events at baseline
	Characteristics of the cohort
	Association of aCL with thrombosis
	Association of the number of different aPL present, and aPL profiles, with thrombosis

	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

