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Antiphospholipid antibodies increase the risk of
pregnancy-induced hypertension and

adverse pregnancy outcomes
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Abstract

Antiphospholipid antibody (aPL) is associated with thromboembolism. There is scant evidence of a relationship between the
aPL profile and serious adverse pregnancy outcome. The aim of this study was to assess whether aPL measurements during early
pregnancy were useful in predicting a serious adverse pregnancy outcome. In this prospective study, we measured aPLs, including
lupus anticoagulant (LA), IgG, IgM, IgA anticardiolipin antibody (aCL), IgG, IgM phosphatidylserine-dependent antiprothrombin
antibody, and IgG kininogen-dependent antiphosphatidylethanolamine antibody (aPE) during the first trimester in a consecutive
series of 1155 women. The 99th percentile cut-off values in each aPL were determined using samples from 105 women who did not
exhibit any pregnancy morbidity. We assessed the predictive risk of a serious adverse pregnancy outcome adjusted for confounding
factors. We found that IgG aCL was asssociated with developing pregnancy-induced hypertension (PIH) (odds ratio 11.4, 95% CI
2.7–48); IgG aPE with PIH (8.3, 2.4–29), severe PIH (20.4, 4.5–91), and premature delivery (PD) (12.7, 3.1–50); and LA with
PD (11.0, 2.8–44) and low birth weight (8.0, 2.1–31). The combinations of IgG aPE plus IgG aCL (17.5, 4.7–66.7) or IgG aPE
plus LA (22.2, 5.4–909) measurements predicted severe PIH with 30.8% sensitivity and 99.2% specificity. We conclude that aPL
measurements during early pregnancy may be useful in predicting adverse pregnancy outcome.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Pregnancy-induced hypertension (PIH) is a major
cause of mortality and morbidity during pregnancy and
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childbirth and is a multifactorial disease with genetic
and environmental factors involved in its etiology. Severe
PIH and pre-eclampsia can lead to multiple organ fail-
ure including the cardiovascular system, central nervous
system, coagulation, liver, and kidneys. The associa-
tion between antiphospholipid antibodies (aPLs) and
the risk of PIH, pre-eclampsia, fetal growth restric-
tion (FGR), or premature delivery (PD) still remains
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controversial. In retrospective case-control studies, it
was found that women with a history of severe pre-
eclampsia or hemolysis-elevated liver enzymes-low
platelets (HELLP) syndrome frequently tested positive
for lupus anticoagulant (LA) and anticardiolipin anti-
body (aCL) (Van Pampus et al., 1999; Von Tempelhoff
et al., 2000).

However, prospective studies assessing associations
between aPLs and PIH, pre-eclampsia or other preg-
nancy adverse outcomes found conflicting results.
Studies conducted in the 1990s noted that pre-eclampsia
was associated with the presence of LA (Pattison et
al., 1993), aCL (Pattison et al., 1993; Yasuda et al.,
1995), �2-glycoprotein-dependent anticardiolipin anti-
body (aCL�2GPI) (Katano et al., 1996), and anti-�2
glycoprotein-I antibody (a�2GPI; Faden et al., 1997).
Similarly, fetal loss and FGR were associated with the
presence of aCL (Yasuda et al., 1995; Katano et al.,
1996). Recent prospective studies, however, failed to
show an association between pre-eclampsia and the pres-
ence of LA (Dreyfus et al., 2001), aCL (Branch et al.,
2001; Dreyfus et al., 2001; Lee et al., 2003b) or a�2GPI
(Lee et al., 2003b). PIH (Lynch et al., 1999) and HELLP
syndrome (Lee et al., 2003b) were not associated with
the presence of aCL or a�2GPI.

Currently, a wide variety of aPLs in the human blood
can be measured by laboratory diagnostic assays, each of
which requires evaluation with regard to whether there
is an association with obstetric events. The aim of this
prospective study was to assess whether aPL measure-
ments during early pregnancy were useful in predicting
serious adverse pregnancy outcome in the Japanese pop-
ulation, which has a relatively homogeneous genetic
background.

2. Materials and methods

2.1. Subjects

This prospective study, designated Sapporo Multiple
Antiphospholipid Testing for the Prediction of Obstet-
ric Outcome study (SAPPORO study) was performed in
the city of Sapporo, Japan, and conducted with informed
consent from all of the subjects, and was approved by
the institutional ethics board of Hokkaido University
Graduate School of Medicine. The peripheral blood was
obtained at 8–14 weeks’ gestation (GW) from 1220 con-
secutive Japanese women with living fetuses who visited
the Hokkaido University Hospital or an affiliate hospital.

Measurements were made of aPLs including lupus
anticoagulant (LA), IgG, IgM, IgA anticardiolipin anti-
body (aCL), IgG, IgM phosphatidylserine-dependent

antiprothrombin antibody (aPS/PT), and IgG kininogen-
dependent antiphosphatidylethanolamine antibody
(aPE). The appropriate cut-off values of each aPL
during the first trimester were determined using data
obtained from the first 105 women who subsequently
delivered a healthy neonate without pregnancy-related
morbidity. In this study protocol, when women had a
history of recurrent pregnancy loss (RPL) or throm-
boembolism with a positive test for LA or aCL, they
underwent low-dose aspirin therapy (81 mg/day) until
delivery. The ethics board directed this intervention in
patients who were compatible with the original antiphos-
pholipid syndrome (APS) criteria (Wilson et al., 1999);
otherwise the study would not have been approved.

Women who were subsequently found to have a
fetal anomaly or multiple pregnancy, and those whose
pregnancies were terminated by an induced abortion
were excluded from the analysis. We assessed risks of
PIH, severe PIH, pre-eclampsia, fetal growth restriction
(FGR, <10th percentile and <−1.5 S.D. based on gesta-
tional age, parity and fetal sex), premature delivery (PD,
<34 and <37 GW), low birth weight (LBW, <2500 g),
and fetal loss (fetal death after the blood sampling) with
lifestyle-related confounding factors including mater-
nal age, parity, preconception body mass index (BMI),
cigarette smoking (preconception/during pregnancy),
and drinking alcohol (preconception/during pregnancy).
The mean age at blood sampling was 30.6 (S.D. 4.7)
ranging from 16 to 44 years of age, and the mean pre-
conception BMI was 20.9 (3.3) ranging from 14.9 to
44.5 kg/m2.

Pregnancy-induced hypertension was diagnosed dur-
ing pregnancy when hypertension (systolic blood
pressure >140 mmHg or diastolic blood pressure
>90 mmHg) was detected after 20 GW. Severe PIH was
diagnosed when at least one of the following criteria was
met:

(1) Blood pressure ≥160/110 mmHg after 20 GW,
regardless of the complication of proteinuria defined
as urinary excretion of 300 mg protein/day,

(2) Blood pressure ≥140/90 mmHg after 20 GW com-
plicated by proteinuria ≥2.0 g/day.

Pre-eclampsia was diagnosed when hypertension
(≥140/90 mmHg) and proteinuria (≥300 mg/day) were
detected after 20 GW.

Four women who had a history of RPL or thromboem-
bolism with a positive test for LA or aCL underwent
low-dose aspirin therapy. Of the four women, two
received additional heparin therapy with informed con-
sent.
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