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NTIPHOSPHOLIPID antibodies are a fam-
ily of autoantibodies that exhibit a broad
range of target specificities and affinities, all

recognizing various combinations of phospholipids,
phospholipid-binding proteins, or both. The term
“antiphospholipid syndrome” was first coined to de-
note the clinical association between antiphospholip-
id antibodies and a syndrome of hypercoagulability.

 

1,2

 

Revision of the criteria for diagnosis of the antiphos-
pholipid syndrome and the terminology used to de-
scribe the disease is an ongoing process

 

3

 

 (Table 1).

 

BACKGROUND

 

The first antiphospholipid antibody, a complement-
fixing antibody that reacted with extracts from bo-
vine hearts, was detected in patients with syphilis in
1906.

 

10

 

 The relevant antigen was later identified as
cardiolipin, a mitochondrial phospholipid.

 

11

 

 This ob-
servation became the basis for the Venereal Disease
Research Laboratory (VDRL) test for syphilis that is
currently used. Mass screening of blood for syphilis
led to the finding that many patients with systemic
lupus erythematosus had a positive VDRL test, with-
out clinical or serologic evidence of syphilis.

 

12

 

 In
1983, a solid-phase immunoassay for anticardiolipin
antibodies was developed.

 

13

 

 This assay was several hun-
dred times more sensitive than the VDRL test for
detecting anticardiolipin antibodies in patients with
systemic lupus erythematosus, and the anticardiolip-
in antibodies detected were strongly associated with
lupus anticoagulant antibodies, false positive VDRL
tests, and thrombosis.

 

13

 

In the early 1990s, two groups discovered that
some anticardiolipin antibodies require the presence

A

 

of the plasma phospholipid-binding protein 

 

b

 

2

 

-gly-
coprotein I in order to bind to cardiolipin.

 

14,15

 

 This
requirement is a feature of anticardiolipin antibodies
from patients with systemic lupus erythematosus or
the antiphospholipid syndrome but not from patients
with syphilis or other infectious diseases.

 

14-16

 

 Anti-
bodies in the latter group of patients react directly
with cardiolipin; they are not only independent of

 

b

 

2

 

-glycoprotein I but are also inhibited by it.

 

16

 

 The
demonstration that autoimmune anticardiolipin anti-
bodies are directed against a phospholipid-binding
protein rather than against a phospholipid led to the
discovery that some autoantibodies bind directly to

 

b

 

2

 

-glycoprotein I in the absence of phospholipids.

 

14,17

 

This has resulted in a change of focus from phos-
pholipids to phospholipid-binding proteins.

 

6

 

DETECTION OF CLINICALLY RELEVANT 

ANTIPHOSPHOLIPID ANTIBODIES

 

The most commonly detected subgroups of anti-
phospholipid antibodies are lupus anticoagulant anti-
bodies, anticardiolipin antibodies, and anti–

 

b

 

2

 

-glyco-
protein I antibodies. Division into these subgroups
is broadly based on the method of detection (Table
2). Lupus anticoagulant antibodies are identified by
coagulation assays, in which they prolong clotting
times. In contrast, anticardiolipin antibodies and anti–

 

b

 

2

 

-glycoprotein I antibodies are detected by immu-
noassays that measure immunologic reactivity to a
phospholipid or a phospholipid-binding protein (car-
diolipin and 

 

b

 

2

 

-glycoprotein I, respectively). Despite
the frequent concordance between lupus anticoagu-
lant antibodies and either anticardiolipin

 

19

 

 or anti–

 

b

 

2

 

-glycoprotein I

 

20

 

 antibodies, these antibodies are
not identical. Some lupus anticoagulant antibodies
react with phospholipids other than cardiolipin or pro-
teins other than 

 

b

 

2

 

-glycoprotein I,

 

7,21

 

 whereas some
anticardiolipin

 

19

 

 and anti–

 

b

 

2

 

-glycoprotein I

 

20

 

 antibod-
ies have no lupus anticoagulant activity. Most 

 

b

 

2

 

-gly-
coprotein I–dependent anticardiolipin antibodies rec-
ognize 

 

b

 

2

 

-glycoprotein I equally well whether bound
to cardiolipin or bound to other anionic phospho-
lipids. This is because 

 

b

 

2

 

-glycoprotein I interacts
strongly with anionic phospholipids but weakly with
phospholipids with a net neutral charge.

 

22

 

 In general,
lupus anticoagulant antibodies are more specific for
the antiphospholipid syndrome, whereas anticardio-
lipin antibodies are more sensitive.

 

23

 

 The specificity
of anticardiolipin antibodies for antiphospholipid
syndrome increases with titer and is higher for the
IgG than for the IgM isotope. However, there is no
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definitive association between specific clinical mani-
festations and particular subgroups of antiphospho-
lipid antibodies. Therefore, multiple tests for antiphos-
pholipid antibodies should be used, since patients may
be negative according to one test yet positive accord-
ing to another.

Despite their name, lupus anticoagulant antibod-
ies are associated with thromboembolic events rather
than clinical bleeding. Antiphospholipid antibodies
can interfere with both anticoagulant and procoagu-
lant pathways

 

24

 

 (Table 3). Although the phospholipid
surface used in most in vitro coagulation assays favors
inhibition of procoagulant pathways and therefore
prolongation of clotting, the microenvironment of
cell membranes in vivo may promote greater inhibi-
tion of anticoagulant pathways and therefore throm-
bosis.

 

24

 

 Current criteria for the detection of lupus
anticoagulant antibodies require prolongation of co-
agulation in at least one phospholipid-dependent co-
agulation assay. To rule out the presence of lupus
anticoagulant antibodies, two or more assays that are
sensitive to these antibodies must be negative

 

3,9,18

 

(Tables 1 and 2 and Fig. 1).
Current criteria for the classification of the anti-

phospholipid syndrome recommend the use of stand-
ardized enzyme-linked immunoassays that measure

 

b

 

2

 

-glycoprotein I–dependent IgG and IgM anticar-
diolipin antibodies

 

3,25

 

 (Table 1). The observation that

many anticardiolipin antibodies are directed at an
epitope on 

 

b

 

2

 

-glycoprotein I led to the development
of anti–

 

b

 

2

 

-glycoprotein I antibody immunoas-
says.

 

6,14,15,17

 

 Although their presence is not currently
included in the criteria for the antiphospholipid syn-
drome,

 

3

 

 anti–

 

b

 

2

 

-glycoprotein I antibodies are strong-
ly associated with thrombosis and other features of
the antiphospholipid syndrome.

 

20,26,27

 

 The clinical
utility of antiphospholipid-antibody assays for auto-
antibodies to phospholipids other than cardiolipin
and to phospholipid-binding proteins other than 

 

b

 

2

 

-
glycoprotein I remains unclear.

 

4-8

 

PATHOGENESIS

 

Several hypotheses have been proposed to explain
the cellular and molecular mechanisms by which an-
tiphospholipid antibodies promote thrombosis (Ta-
ble 3). The first implicates activation of endothelial
cells. Binding of antiphospholipid antibodies induc-
es activation of endothelial cells, as assessed by up-
regulation of the expression of adhesion molecules,
the secretion of cytokines, and the metabolism of
prostacyclins.

 

28

 

 Antiphospholipid antibodies recog-
nize 

 

b

 

2

 

-glycoprotein I bound to resting endothelial
cells, although the basis for the interaction of 

 

b

 

2

 

-gly-
coprotein I with viable endothelial cells remains un-
clear.

 

29

 

A second theory focuses on oxidant-mediated in-

 

*A diagnosis of definite antiphospholipid syndrome requires the presence of at least one of the clinical criteria and at
least one of the laboratory criteria. No limits are placed on the interval between the clinical event and the positive labo-
ratory findings.

†The following antiphospholipid antibodies are currently not included in the laboratory criteria: anticardiolipin IgA
antibodies, anti–

 

b

 

2

 

-glycoprotein I antibodies, and antiphospholipid antibodies directed against phospholipids other than
cardiolipin (e.g., phosphatidylserine and phosphatidylethanolamine)

 

4,5

 

 or against phospholipid-binding proteins other
than cardiolipin-bound 

 

b

 

2

 

-glycoprotein I (e.g., prothrombin, annexin V, protein C, or protein S).

 

6-8

 

‡The threshold used to distinguish moderate or high levels of anticardiolipin antibodies from low levels has not been
standardized and may depend on the population under study. Many laboratories use 15 or 20 international “phospholip-
id” units as the threshold separating low from moderate levels of anticardiolipin antibodies. Others define the threshold
as 2.0 or 2.5 times the median level of anticardiolipin antibodies or as the 99th percentile of anticardiolipin levels within
a normal population. Until an international consensus is reached, any of these three definitions seems reasonable.

§Guidelines are from Brandt et al.
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Clinical criteria

 

Vascular thrombosis
One or more clinical episodes of arterial, venous, or small-vessel thrombosis, occurring within any tissue or organ

Complications of pregnancy
One or more unexplained deaths of morphologically normal fetuses at or after the 10th week of gestation; or
One or more premature births of morphologically normal neonates at or before the 34th week of gestation; or
Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation

 

Laboratory criteria†

 

Anticardiolipin antibodies
Anticardiolipin IgG or IgM antibodies present at moderate or high levels in the blood on two or more occasions at

least six weeks apart‡
Lupus anticoagulant antibodies

Lupus anticoagulant antibodies detected in the blood on two or more occasions at least six weeks apart, according
to the guidelines of the International Society on Thrombosis and Hemostasis§
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jury of the vascular endothelium. Oxidized low-den-
sity lipoprotein (LDL), a major contributor to ath-
erosclerosis, is taken up by macrophages, leading to
macrophage activation and subsequent damage to
endothelial cells.

 

30

 

 Autoantibodies to oxidized LDL
occur in association with anticardiolipin antibodies,
and some anticardiolipin antibodies cross-react with
oxidized LDL.

 

31

 

 Moreover, anticardiolipin antibod-
ies bind to oxidized, but not reduced, cardiolipin,
suggesting that anticardiolipin antibodies recognize
oxidized phospholipids, phospholipid-binding pro-
teins, or both.

 

32

 

A third theory proposes that antiphospholipid an-
tibodies interfere with or modulate the function of
phospholipid-binding proteins involved in the regula-
tion of coagulation. Although little is known about the
biologic function of 

 

b

 

2

 

-glycoprotein I, it is thought
to act as a natural anticoagulant.

 

33

 

 Mechanisms by
which antiphospholipid antibodies interfere with

the regulatory functions of prothrombin, protein C,
annexin V, and tissue factor have also been pro-
posed.

 

7,22,25,34,35

 

Finally, thrombosis in the antiphospholipid syn-
drome has been likened to that in heparin-induced
thrombocytopenia.

 

36

 

 Both syndromes induce throm-
bosis in multiple arterial and venous beds.

 

36,37

 

 In hep-
arin-induced thrombocytopenia, the site of throm-
bosis is often determined by prior cardiovascular
disease, whereas in the antiphospholipid syndrome,
there is a high rate of recurrence of similar thrombotic
events. A “second hit” such as vascular injury may be
necessary for thrombosis to occur in both syndromes.

It remains unclear which cellular phospholipids and
phospholipid-binding proteins are targeted by anti-
phospholipid antibodies in vivo. The absence of an-
ionic phospholipids on the cell surface and the appar-
ent lack of reactivity of antiphospholipid antibodies
with intact cells suggest that perturbation of the cell

 

*Data are from Brandt et al.
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†The use of two or more assays sensitive to lupus anticoagulant antibodies is recommended before the presence of lupus anticoagulant
antibodies is excluded. At least one of these assays should be based on low phospholipid concentration (dilute prothrombin time, dilute ac-
tivated partial-thromboplastin time, colloidal-silica clotting time, kaolin clotting time, or dilute Russell’s viper-venom time). The two assays
should evaluate distinct portions of the coagulation cascade (e.g., activated partial-thromboplastin time and dilute Russell’s viper-venom
time). 

‡Data are from Triplett.

 

18

 

§The Ecarin-time assay differs from the other coagulation assays listed in that it is a phospholipid-independent assay. It should be used in
combination with the phospholipid-dependent Textarin time as a confirmatory test for lupus anticoagulant antibodies. In the presence of
lupus anticoagulant antibodies, Textarin times are prolonged, whereas Ecarin times are unaffected.

¶Data are from Galli et al.,

 

14

 

 McNeil et al.,

 

15

 

 and Hunt et al.

 

16

 

¿Data are from Roubey.

 

6

 

T

 

ABLE

 

 2. 

 

C

 

LASSIFICATION

 

 

 

AND

 

 D

 

ETECTION

 

 

 

OF

 

 A

 

NTIPHOSPHOLIPID

 

 A

 

NTIBODIES

 

.

ANTIBODY METHOD OF DETECTION

Lupus anticoagulant 
antibodies

The first step is prolongation of coagulation in at least one phospholipid-dependent in vitro coagulation assay 
with the use of platelet-poor plasma.*† These assays can be subdivided according to the portion of the 
coagulation cascade that they evaluate as follows‡:

The extrinsic coagulation pathway (dilute prothrombin time) 
The intrinsic coagulation pathway (activated partial-thromboplastin time, dilute activated partial-thrombo-

plastin time, colloidal-silica clotting time, and kaolin clotting time)
The final common coagulation pathway (dilute Russell’s viper-venom time, Taipan venom time, and Tex-

tarin and Ecarin times).§

The second step is a failure to correct the prolonged coagulation time by mixing the patient’s plasma with 
normal plasma.*†

The third step is confirmation of the presence of lupus anticoagulant antibodies by shortening or correction 
of the prolonged coagulation time after the addition of excess phospholipid or platelets that have been 
frozen and then thawed.*

The fourth step is ruling out other coagulopathies with the use of specific factor assays if the confirmatory 
test is negative or if a specific factor inhibitor is suspected.*

Anticardiolipin antibodies Solid-phase immunoassay (usually enzyme-linked immunosorbent assay) is performed on cardiolipin-coated 
plates, usually in the presence of bovine serum b2-glycoprotein I. Anticardiolipin antibodies from patients 
with the antiphospholipid syndrome are b2-glycoprotein I–dependent; antibodies from patients with in-
fectious diseases are b2-glycoprotein I–independent.¶

Anti–b2 glycoprotein I
antibodies

Solid-phase immunoassay (usually enzyme-linked immunosorbent assay) is performed on human b2-glyco-
protein I–coated plates (usually g-irradiated polystyrene).¿ Anti–b2-glycoprotein I antibody assays de-
tect antibodies to human b2-glycoprotein I, rather than bovine b2-glycoprotein I (as in anticardiolipin 
antibody assays).

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at JOHN H STROGER HOSP COOK COUNTY on January 13, 2006 . 



MEDICAL PROGRESS

N Engl J Med, Vol. 346, No. 10 · March 7, 2002 · www.nejm.org · 755

membrane may be required for antiphospholipid an-
tibodies to bind to cells. Indeed, some antiphospho-
lipid antibodies react with activated platelets38 and
apoptotic cells,39 which have undergone a loss of the
normal asymmetric distribution of membrane phos-
pholipids and expose anionic phospholipids on their
cell surface. Binding of antiphospholipid antibodies
to apoptotic cells is dependent on b2-glycoprotein
I,39 as is induction of antiphospholipid antibodies by
apoptotic cells.40

CRITERIA FOR CLASSIFICATION

AND DIAGNOSIS

A recent consensus statement provides simplified
criteria for the diagnosis of the antiphospholipid
syndrome3 (Table 1). A patient with the antiphospho-
lipid syndrome must meet at least one of two clinical
criteria (vascular thrombosis or complications of preg-
nancy [as defined in Table 1]) and at least one of two
laboratory criteria. None of the other protean clinical
manifestations of the antiphospholipid syndrome,2,41-46

such as thrombocytopenia, are included in the clin-
ical criteria. Although such features have been asso-
ciated with antiphospholipid antibodies, they occur
in a variety of disease states other than the antiphos-
pholipid syndrome, and the strength of their associ-
ation does not reach that of vascular thrombosis.

The antiphospholipid syndrome may be divided

into several categories. “Primary” antiphospholipid
syndrome occurs in patients without clinical evidence
of another autoimmune disease, whereas “secondary”
antiphospholipid syndrome occurs in association with
autoimmune or other diseases. Since systemic lupus
erythematosus is by far the most common disease
with which the antiphospholipid syndrome occurs,
tentative exclusion criteria have been proposed to
distinguish primary antiphospholipid syndrome from
that related to systemic lupus erythematosus.47 The
link between antiphospholipid antibodies and other
rheumatologic diseases, with the exception of rheu-
matoid arthritis,48 is more tenuous and is based large-
ly on case reports. Many cases of Sneddon’s syn-
drome, defined as the clinical triad of stroke, livedo
reticularis, and hypertension, may represent undiag-
nosed antiphospholipid syndrome.49 Although anti-
phospholipid antibodies also occur in association
with other conditions (including infections, cancer,
and the use of drugs or hemodialysis), they are usu-
ally IgM antibodies that are present at low levels and
are not associated with thrombotic events.50 “Cata-
strophic” antiphospholipid syndrome will be dis-
cussed separately.

EPIDEMIOLOGY

Antiphospholipid antibodies are found among
young, apparently healthy control subjects at a prev-
alence of 1 to 5 percent for both anticardiolipin anti-
bodies and lupus anticoagulant antibodies.51 As with
other antibodies, the prevalence of antiphospholipid
antibodies increases with age, especially among elder-
ly patients with coexistent chronic diseases.51 Among
patients with systemic lupus erythematosus, the prev-
alence of antiphospholipid antibodies is much high-
er, ranging from 12 to 30 percent for anticardiolipin
antibodies48,52 and 15 to 34 percent for lupus anti-
coagulant antibodies.52,53

Many patients have laboratory evidence of anti-
phospholipid antibodies without clinical consequenc-
es. For otherwise healthy control subjects, there are
insufficient data to determine what percentage of those
with antiphospholipid antibodies will eventually have a
thrombotic event or a complication of pregnancy con-
sistent with the antiphospholipid syndrome. In con-
trast, the antiphospholipid syndrome may develop in
50 to 70 percent of patients with both systemic lupus
erythematosus and antiphospholipid antibodies after
20 years of follow-up.43,51 Nonetheless, up to 30 per-
cent of patients with systemic lupus erythematosus
and anticardiolipin antibodies lacked any clinical ev-
idence of the antiphospholipid syndrome over an av-
erage follow-up of seven years.43

Prospective studies have shown an association be-
tween antiphospholipid antibodies and the first epi-
sode of venous thrombosis,54 the first myocardial in-

*Two major factors that probably modulate the balance between pro-
coagulant and anticoagulant effects of antiphospholipid antibodies are the
phospholipid surface on which the reaction takes place and the antigenic
specificity of the antibody.

TABLE 3. OPPOSING EFFECTS OF ANTIPHOSPHOLIPID ANTIBODIES 
ON COAGULATION.*

PROCOAGULANT EFFECT ANTICOAGULANT EFFECT

Inhibition of the activated protein C pathway Inhibition of activation 
of factor IX 

Inhibition of activation 
of factor X 

Inhibition of activation 
of prothrombin to 
thrombin

Up-regulation of the tissue factor pathway

Inhibition of antithrombin III activity

Disruption of annexin V shield on membranes

Inhibition of anticoagulant activity of b2-glyco-
protein I

Inhibition of fibrinolysis

Activation of endothelial cells

Enhanced expression of adhesion molecules by 
endothelial cells and adherence of neutrophils 
and leukocytes to endothelial cells

Activation and degranulation of neutrophils

Potentiation of platelet activation

Enhanced platelet aggregation

Enhanced binding of b2-glycoprotein I to mem-
branes

Enhanced binding of prothrombin to membranes
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