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Risk factors for thrombosis in lupus patients
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SUMMARY Lupus anticoagulant, concentrations of anticardiolipin antibodies, antithrombin III,
plasminogen, (free) protein S, protein C, prothrombin, platelet counts, and bleeding times were
determined in 74 lupus patients (58 with systemic lupus erythematosus; 16 with lupus-like
disease) to establish the presence of risk factors for thrombosis in these patients. Of the variables
evaluated, lupus anticoagulant had the strongest association with a history of thrombosis. Both
positive anticardiolipin antibody concentrations and the presence of (mild) thrombocytopenia
were significantly associated with a history of thrombosis and the presence of lupus anticoagu-
lant. Reduced concentrations of antithrombin III, plasminogen, (free) protein S, and protein C
were found in some patients but were not associated with either thrombosis or lupus anticoagu-
lant. Mean concentrations of total protein S were significantly lower in patients with thrombosis
than in those without and in patients with lupus anticoagulant than in those without. The anti-
genic concentration of prothrombin was reduced in 3/74 (4%) lupus patients. These three
patients had lupus anticoagulant but no history of thrombosis, which suggests that a low pro-
thrombin concentration protects patients with lupus anticoagulant from the development of
thrombosis. A prolonged bleeding time was associated with the presence of lupus anticoagulant
but not with a history of thrombosis. Analysis by stepwise logistic regression did not disclose
additional risk factors for thrombosis in lupus patients with lupus anticoagulant. Increased anti-
thrombin III concentrations and decreased free protein S concentrations are often found in lupus
patients, unrelated to lupus anticoagulant or thrombosis.

In 1952 Conley and Hartmann described a unique
coagulation inhibitor in two patients with systemic
lupus erythematosus.1 This coagulation inhibitor,
named lupus anticoagulant,2 refers to antibodies
that prolong in vitro coagulation by interference
with the binding of coagulation factors to phospho-
lipid surfaces.3 The presence of lupus anticoagulant,
however, is not specific for lupus as it has been
described in healthy individuals, other autoimmune
diseases, and in association with certain drugs, infec-
tions, and malignancies.47
Many studies have shown that lupus anticoagulant

characterises a subset of lupus patients with high
prevalences of thrombosis, fetal loss, and throm-
bocytopenia.4 5 840 It is still unknown whether
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lupus anticoagulant is only an epiphenomenon or
whether it has a pathophysiological role in the
development of thrombosis. Although there is a
high prevalence of thromboembolic complications in
patients with lupus anticoagulant,'1 12 some of these
patients do not experience thrombotic manifesta-
tions. This raises the question whether there are
thrombosis 'promoting' or 'protecting' factors in
patients with lupus anticoagulant.
We have studied the interrelationship between

the presence of lupus anticoagulant, the status of
several haemostatic indices, and the presence of a
history of thrombosis in a group of 74 patients with
systemic lupus erythematosus and lupus-like
disease. Knowledge of factors that contribute to or
protect against thrombosis in patients with lupus
anticoagulant is important both in counselling
patients and in understanding pathophysiological
mechanisms.
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934 Hasselaar, Derksen, Blokziji, et al

Patients and methods

PATI ENTS
Seventy four lupus patients (60 female, 14 male),
seen at the University Hospital Utrecht, The
Netherlands, were studied in a case-control type
study. For this purpose all the patients with lupus
anticoagulant (n=36) available for further study
were compared with an equal number of randomly
selected patients without lupus anticoagulant
(n=38). The two groups were comparable for age,
duration of disease, sex, and drug treatment of the
patients. Fifty eight patients (28/58 had lupus
anticoagulant) were diagnosed as having systemic
lupus erythematosus, according to the American
Rheumatism Association (ARA) criteria,13 and 16
patients (8/16 had lupus anticoagulant) had signs
and symptoms compatible with systemic lupus
erythematosus but met less than four ARA criteria
for the diagnosis (lupus-like disease). Thirty one
patients had a history of thrombosis. Throm-
boembolic manifestations included deep venous
thrombosis (DVT; n=12); DVT and pulmonary
emboli (n=3); DVT and central retinal artery
thrombosis (n=1); DVT and transient ischaemic
attacks (n=1); DVT and thrombosis of digital
arteries (n= 1); thrombophlebitis migrans (n= 1);
cerebral infarction (n=6); cerebral infarction and
thrombosis of femoral artery and renal artery
(n=1); femoral artery thrombosis (n=1); central
retinal artery thrombosis (n=1); renal artery
thrombosis (n=1); amaurosis fugax (n=1);
amaurosis fugax and transient ischaemic attacks
(n= 1). None of the patients had bleeding manifesta-
tions. The median age of the patients was 33 years
(range 17-77); median duration of disease seven
years (range 0-1-40). At the time of blood sampling
none of the patients was being treated with heparin,
whereas 34 patients were receiving prednisone
(median dose 15 mg/day; range 1.25-40), four
patients oral anticoagulants (warfarin), and four
patients non-steroidal anti-inflammatory drugs.

SAMPLES
Blood samples were taken at an arbitrary visit of the
patients to the outpatient department.
Blood samples were obtained by venepuncture

and collected into plastic tubes containing 3-8%
trisodium citrate (0-129 M) as anticoagulant (9:1,
v/v). To obtain platelet poor plasma the samples
were centrifuged twice at 4°C and 3000 g for 15
minutes. Platelet poor plasma was stored at -80°C
until used. Platelet rich plasma was prepared by
centrifugation for 15 minutes at 180 g (room
temperature). Blood collected in EDTA was used
for determination of the platelet count.

Normal control blood samples were taken from 40
healthy hospital workers (21 female, 19 male) with a
median age of 30 years (range 24-47).

LUPUS ANTICOAGULANT
Three lupus anticoagulant assays were performed
with platelet poor plasma as described before12: (a)
the partial thromboplastin time of a 1:1 mixture of
patient and control plasma with human brain
thromboplastin; (b) phospholipid dilution test; (c)
kaolin clotting time. A patient was considered
positive for lupus anticoagulant when at least two of
the assays were positive.

ANTICARDIOLIPIN ANTIBODIES
IgG and IgM anticardiolipin antibodies were mea-
sured in platelet poor plasma by an enzyme linked
immunosorbent assay (ELISA).12 The absorbance
(at 405 nm) at the 1:32 dilution of a standard sample
was chosen arbitrarily as 100 units (U) anti-
cardiolipin antibodies/ml. This standard sample was
diluted from 1:1 up to 1:1024 to provide a standard
curve. Absorbances of test samples were read on the
standard curve and expressed in units of anti-
cardiolipin antibodies/ml. A positive result indicates
a value in U/ml more than 2SD (70 healthy volun-
teers tested on six different occasions) above the
value obtained with pooled control serum (22 and 10
U/ml for IgG and IgM anticardiolipin antibodies
respectively). Positive results were graded: for IgG
anticardiolipin antibodies low positive (22<U/ml
<80); medium positive (80<U/ml<185); high
positive (U/ml>185); for IgM anticardiolipin anti-
bodies low positive (10<U/ml<25); medium
positive (25<U/ml<200); high positive (U/ml
>200). Results were expressed in log U/ml.

DETERMINATION OF ANTITHROMBIN III
AND PLASMINOGEN
The activities of antithrombin III and plasminogen
were measured in platelet poor plasma with an anti-
thrombin III and a plasminogen kit (KabiVitrum,
Stockholm, Sweden) according to the manu-
facturer's instructions. Activities were expressed as
a percentage of the activity measured in pooled
normal plasma (plasma pool of 40 healthy donors).
Normal values were 90-110% and 75-125% for anti-
thrombin III and plasminogen activity respectively.

DETERMINATION OF PROTEIN C, TOTAL
PROTEIN S, AND PROTHROMBIN
Antigen levels of protein C, protein S, and
prothrombin were determined by Laurell rocket
immunoelectrophoresis, as described by Huisveld et
al. 14 Antigen levels were expressed relative to
normal pooled plasma, which was defined as 100%.
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The normal ranges were 76-159%, 66-126%, and
60-151% for protein C, protein S, and prothrombin
respectively. If oral anticoagulants were taken by
the patients a protein C/prothrombin ratio and a
protein S/prothrombin ratio were calculated
(normal values 0-75-1-39 and 0-73-1-38 respec-
tively).

DETERMINATION OF FREE PROTEIN S
Free protein S concentrations were measured in
platelet poor plasma with an ELISA according to
the method of Comp et al15 with some modifications
(Hessing et al, unpublished data). Antigen levels
were expressed as a percentage of total protein S
antigen present in pooled normal plasma. The
normal range of free protein S concentrations was
29-61% (mean (2SD) of free protein S concentra-
tions in plasmas from 20 healthy donors).

PLATELET COUNTS
Blood platelets were counted in EDTA-blood with a
platelet analyser 810 (Baker Instruments, Allen-
town, PA, USA). Normal values were between 150
and 450x 109 platelets/l.

BLEEDING TIME
The bleeding time was measured according to the
method of Mielke et al'6 with a template device
(Simplate II, General Diagnostics, Morris Plains,
NJ). A bleeding time of 3-5-8 minutes was con-
sidered normal. With a platelet count between 10
and lOOx109 platelets/l the corresponding 'normal'
bleeding time was calculated from the formula'7:

Bleeding time=30-(platelet count/Rl)/4000
PLATELET FUNCTION
Concentrations of ATP, ADP, and serotonin in
platelets were measured and platelet aggregation
studies with ADP, epinephrine, collagen,
arachidonic acid, and calcium ionophore A23187
were performed.'8

CALCULATIONS
For all assays normal ranges were expressed as the
mean value (2SD) with plasmas derived from 40
healthy hospital workers.
The data were analysed by x2 test, Student's t test,

and stepwise logistic regression. Differences were
considered significant at p<0-05.

Results
LABORATORY FINDINGS
Concentrations of anticardiolipin antibodies, anti-
thrombin III, plasminogen, protein S, protein C,

Table 1 The number of lupus patients with lupus
anticoagulant and low, medium, or high positive
anticardiolipin antibody concentrations, related to the
presence or absence of a history of thrombosis

Patient with Patients without
thrombosis thrombosis
(n=31) (n=43)

Lupus anticoagulant** 24 12

IgG ACA*t
Low positive 16 19
Medium positive 7 3
High positive 3 1

IgM ACA
Low positive 13 20
Medium positive 8 7
High positive 2 0

*p<0-05; **p<O.00l (X2 test).
tACA=anticardiolipin antibodies.

and prothrombin were determined in 36 lupus anti-
coagulant positive and 38 lupus anticoagulant
negative lupus patients. For four patients taking oral
anticoagulants protein C/prothrombin and protein
S/prothrombin ratios were calculated. Concentra-
tions of free protein S were measured in 65 patients,
platelet counts in 64 patients, and bleeding times in
55 patients. Free protein S and bleeding time
measurements were only performed in patients not
using oral anticoagulants or non-steroidal anti-
inflammatory drugs respectively.
The prevalence of low, medium, and high concen-

trations of anticardiolipin antibodies, as well as
decreased, normal, and raised levels of all other
coagulation indices were compared in patients with
or without a history of thrombosis (Tables 1 and 3)

Table 2 The number of lupus patients with low, medium,
or high positive anticoagulant concentrations, related to the
presence or absence of lupus anticoagulant

Patient with Patients without
LACt LAC
(n=36) (n=38)

IgG ACA**t
Low positive 19 16
Medium positive 10 0
High positive 4 0

IgM ACA
Low positive 14 19
Medium positive* 12 3
High positive* 2 0

*p<O0-05; **p<O-.O1 (X2 test).
tLAC=lupus anticoagulant; ACA=anticardiolipin antibodies.
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936 Hasselaar, Derksen, Blokziji, et al

and in relation to the presence or absence of lupus
anticoagulant (Tables 2 and 4). Moreover, mean

anticardiolipin antibody concentrations and levels of
coagulation indices were compared in patients with
or without a history of thrombosis (Table 5) and
with or without lupus anticoagulant (Table 6).
Of the 36 patients with lupus anticoagulant, 24

(67%) had a history of thromboembolic complica-
tions, whereas only 7/38 (18%) patients without
lupus anticoagulant had had thrombosis. The pre-

sence of lupus anticoagulant and IgG anticardiolipin
antibodies, but not IgM anticardiolipin antibodies,
was significantly associated with a history of
thromboembolic complications (Table 1). Both
positive IgG anticardiolipin antibodies and medium
or high levels of IgM anticardiolipin antibodies
were significantly associated with the presence of
lupus anticoagulant (Table 2). Mean IgG and IgM
anticardiolipin antibody concentrations were signifi-
cantly higher in patients with thrombosis and in
patients with lupus anticoagulant, than in those
without thrombosis and lupus anticoagulant (Tables
5 and 6).
The presence of decreased or increased concen-

trations of antithrombin III, plasminogen, total
protein S, free protein S, protein C, or prothrombin
were neither associated with a history of thrombosis
nor with the presence of lupus anticoagulant (Tables
3 and 4). Except for total protein S, no significant
differences in mean values were found for these
variables between patients with or without throm-
bosis and between patients with or without lupus
anticoagulant (Tables 5 and 6). The mean level of
total protein S, determined in patients not taking
oral anticoagulants, was significantly lower in
patients with thrombosis than in those without
thrombosis (Table 5) and in patients with lupus
anticoagulant than in those without (Table 6).

Table 3 The number of lupus patients with decreased,
normal, or increased levels ofcoagulation indices, related to
the presence or absence of a history of thrombosis

Index (No tested) Patients Patients
with thrombosist without thrombosis

N t N t

Antithrombin III (n=74) 1 11 19 3 19 21
Plasminogen (n=74) 4 26 1 4 35 4

Protein S (n=74) 2 27 2 1 36 6
Free protein S (n=65) 11 11 1 19 22 1

Protein C (n=74) 2 25 4 1 36 6
Prothrombin (n=74) 0 31 0 3 37 3

Platelets (n=64)* 8 14 1 2 37 2

*p<0-005 (X2 test).
t =decreased level; N=normal level; T =increased level.

Table 4 The number of lupus patients with decreased,
normal, or increased levels of coagulation parameters,
related to the presence or absence of lupus anticoagulant

Index (No tested) Patients Patients
with LACt without LAC

4 N t 4 N T

Antithrombin III (n=74) 1 16 19 3 14 21
Plasminogen (n=74) 4 30 2 4 31 3
Protein S (n=74) 2 33 1 1 30 7
Free protein S (n=65) 14 14 2 16 19 0
Protein C (n=74) 2 30 4 1 31 6
Prothrombin (n=74) 3 32 1 0 36 2
Platelets (n=64)* 9 17 1 1 34 2

*p<0 005 (X2 test).
tLAC=lupus anticoagulant, 4 =decreased level; N=normal level;
T =increased level.

A decreased platelet count (below 15Ox 109/l) was
significantly associated with a history of thrombosis
and with the presence of lupus anticoagulant (Tables
3 and 4). Moreover, the mean platelet count of
patients with a history of thrombosis was signifi-
cantly lower than that of pateints without throm-
bosis (Table 5) and in patients with lupus anticoagu-
lant than in those without (Table 6).

BLEEDING TIME, PLATELET COUNT, AND

PLATELET FUNCTION
Thirty four (62%) of 55 patients had a normal
bleeding time (below eight minutes) and 21/55
(38%) patients a prolonged bleeding time. Of the
latter, 11 patients had a history of thrombosis and 13
patients were positive for lupus anticoagulant. A
prolonged bleeding time was significantly associated
with the presence of lupus anticoagulant (p<005),
but not with a history of thrombosis. Also, the mean
bleeding time differed significantly between patients
with lupus anticoagulant (mean (SD) 12 (7) minutes,
range 4-30) and those without (8 (6) minutes, range
2-30) (p<0-05), but not between patients with (11
(8) minutes, range 2-30) and without a history of
thrombosis (8 (6) minutes, range 3-30).

Figure 1 shows the relation between platelet count
and bleeding time in the patient group. Twenty one
(38%) of 55 patients had a prolonged bleeding time
(>eight minutes). The prolongation was in accor-
dance with a low platelet count in only one
patient.17 In the other 20 patients a platelet function
defect was suspected. Platelet function studies,
performed in 16 of these 20 patients, showed a
heterogeneous pattern of platelet function
abnormalities in nine patients (storage pool defi-
ciency (one patient); defect of thromboxane
synthesis (three); isolated defect of response to
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Table 5 Mean concentrations (and ranges) of anticardiolipin antibodies and coagulation indices in lupus patients with or
without a history of thrombosis

index Patients Patients
with thrombosis without thrombosis

Mean (SD) (Range) Mean (SD) (Range)

IgG ACAt (log U/ml)** 1-74 (0.43) (0-95-279) 1-43 (0.35) (0-30-2-59)
IgM ACA (log U/ml)* 1-21 (0-52) (0-30-2-43) 0-95 (0.41) (0-1-66)
Antithrombin III (%) 112 (14) (72-135) 110 (14) (76-134)
Plasminogen (%) 104 (20) (65-160) 98 (20) (44-155)
Protein S (%)* 89 (19) (59-135) 103 (25) (53-175)
Free protein S (I) 32 (15) (870) 32 (10) (16-63)
Protein C (%) 121 (38) (71-250) 126 (64) (72-380)
Prothrombin (%) 97 (22) (60-140) 98 (28) (25-170)
Platelets (xl -9/1)0 221 (134) (52-660) 286 (92) (95-533)

*p<0-05; **p<0-00S (t test).
tACA=anticardiolipin antibodies.

Table 6 Mean concentrations (and ranges) of anticardiolipin antibodies and coagulation indices in lupus patients with or
without lupus anticoagulant

Index Patients with LACt Patients without LAC

Mean (SD) (Range) Mean (SD) (Range)

IgG ACAt (log U/ml)*** 1-81 (0-39) (1-18-2-79) 1-32 (0.27) (0-301-82)
IgM ACA (log U/ml)** 1-24 (0-49) (0.30-2.43) 0-89 (0-41) (01-48)
Antithrombin III (%) 111 (14) (72-135) 110 (14) (76-133)
Plasminogen (%) 103 (21) (65-160) 99 (20) (44-155)
Protein S (%)* 90 (16) (59-135) 104 (28) (53-175)
Free protein S (%) 31 (13) (8-70) 33 (11) (16-58)
Protein C (%) 121 (46) (71-300) 127 (63) (72-380)
Prothrombin (%) 96 (29) (25-160) 99 (23) (69-170)
Platelets (xlO-9/1)** 211 (107) (52-533) 301 (103) (122-660)

*p<0-05; **p<0-005; ***p<0.001 (t test).
tLAC=lupus anticoagulant; ACA=anticardiolipin antibodies.

30r

epinephrine (four); isolated defect of response to
collagen (one)). The functional studies provided no
explanation in the other seven patients.

ANALYSIS OF DATA BY STEPWISE
LOGISTIC REGRESSION
From the above mentioned variables, the presence
of lupus anticoagulant showed the strongest correla-
tion with thrombosis. None of the other variables
passed the tolerance limits to enter the logistic
regression equation.

Discussion

To establish the presence of risk factors for throm-
bosis in lupus patients we compared concentrations
of lupus anticoagulant, IgG anticardiolipin anti-
bodies, IgM anticardiolipin antibodies, antithrom-
bin III, plasminogen, total and free protein S,
protein C and prothrombin, the platelet count, and
bleeding time in lupus patients with (n=31) or
without (n=43) a history of thrombosis.
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The significant correlations between the presence
of lupus anticoagulant and a history of thromboem-
bolic complications and between lupus anticoagu-
lant and anticardiolipin antibodies were recon-
firmed.12 19 Positive IgG anticardiolipin antibody
concentrations and medium or high IgM anticardio-
lipin antibody concentrations were significantly
associated with the presence of lupus anticoagulant,
but only positive IgG anticardiolipin antibody con-
centrations were associated with thrombosis.
Although significantly higher mean IgG and
IgM anticardiolipin antibody concentrations were
measured in patients with a history of thrombosis
than in those without, stepwise logistic regression
analysis showed that the risk for thrombosis in
patients with lupus anticoagulant is not significantly
increased by the presence of anticardiolipin anti-
bodies. This is owing to the high correlation
between lupus anticoagulant and anticardiolipin
antibodies.
A decreased concentration of the serine protease

inhibitor antithrombin III is a well known risk factor
for recurrent venous thrombosis.2( A relation
between lupus anticoagulant and low antithrombin
III activity has been suggested.22 In four (5%)
patients we found decreased levels of antithrombin
III activity. Only one of these four patients had
lupus anticoagulant and there was no relation with
thrombosis. Our finding that only 1/36 patients with
lupus anticoagulant had a decreased antithrombin
III activity argues against the suggestion made by
Cosgriff and Martin that lupus anticoagulant inhibits
the functional activity of antithrombin III.21
Because the range of antithrombin III is rather
narrow in healthy individuals the common occur-
rence (54%) of raised antithrombin III concentra-
tions in our lupus patients is remarkable. Boey et al
found raised antithrombin III concentrations in 48%
of lupus patients with lupus anticoagulant and sug-
gested that lupus anticoagulant interferes in the
functional assay by neutralising thrombin.22 The
absence of a relation between high antithrombin III
concentrations and lupus anticoagulant in our study
does not support this explanation. Because cortico-
steroid treatment may increase antithrombin III
concentrations in patients who are antithrombin III
deficient secondary to urinary protein loss23 and
because it is known that this treatment may stimu-
late antithrombin III synthesis in dogs24 we investi-
gated the possible relation between the use of pred-
nisone and antithrombin III concentrations. No such
relation was found in our patient group (not shown).
Plasminogen is the proenzyme form of the fibri-

nolytic enzyme plasmin. Plasmin exhibits its throm-
bolytic action by the degradation of fibrin and
fibrinogen. Decreased levels of plasminogen will

result in a decreased fibrinolytic activity and there-
fore in an increased risk for thrombosis. Most
patients (89%) had (supra)normal plasminogen
activity. Decreased levels were found in 8/74 (11%)
patients. This was not correlated with a history of
thrombosis or lupus anticoagulant. Also, mean
levels of plasminogen activity were not significantly
different in patients with or without thrombosis or
lupus anticoagulant. These results confirm the data
of Byron et al, who also could not show a correlation
between a decreased fibrinolytic capacity and the
presence of lupus anticoagulant.2 Byron even
found increased plasminogen levels in patients with
lupus anticoagulant.
The protein C - protein S pathway plays a very

important part in the regulation of coagulation and
fibrinolysis.26 Activated protein C inactivates
factors Va and VIIIa with the aid of cofactor protein
S. In the circulation protein S exists in two forms:
free protein S and protein S non-covalently bound to
C4 binding protein (the binding protein of the fourth
component of the classical complement pathway).27
Only free protein S has functional activity. Defi-
ciencies of both protein C and (free) protein S are
associated with a high risk of recurrent venous
thromboembolism.2"31' Most lupus patients (96%)
had normal or increased concentrations of total
protein S antigen. A decreased protein S concentra-
tion was found in only three (4%) patients and this
was not related to the occurrence of thrombosis or
the presence of lupus anticoagulant. Mean concen-
trations of total protein S were slightly but signifi-
cantly lower in patients with a history of thrombosis
than in those without, and in patients with lupus
anticoagulant than in those without. Although both
the presence of lupus anticoagulant and a low mean
protein S concentration are related to a history of
thrombosis, lupus anticoagulant shows the strongest
correlation with thrombosis. Moreover, stepwise
logistic regression analysis showed that the risk for
thrombosis in patients with lupus anticoagulant is
not significantly increased by the presence of low
protein S concentrations. This can be explained by
the statistically significant association of lupus anti-
coagulant with decreased protein S.

Free protein S concentrations were decreased in
30/65 (46%) patients, but this was not associated
with lupus anticoagulant or thrombosis. Preston et al
have found significantly lower mean free protein S
concentrations in patients with lupus anticoagulant
than in healthy controls and therefore suggest that
reduced free protein S concentrations may be an
important factor in the pathogenesis of venous
thromboembolism associated with lupus anti-
coagulant.3' It is hard to draw any conclusions from
their data, however, as free protein S concentrations
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in patients without lupus anticoagulant were not
measured. Nevertheless, the common occurrence of
decreased free protein S concentrations in lupus
patients is striking. Possibly complement activation,
which may result in an increased interaction of free
protein S with C4b binding protein, can explain this
finding.
Decreased concentrations of protein C antigen

were found in only three (4%) patients and no
correlation was found with lupus anticoagulant or
thrombosis.
Low concentrations of prothrombin were found in

three patients. All three had lupus anticoagulant
and did not have thrombosis. Although no signifi-
cant associations were found because of the small
number of patients, this observation supports the
suggestion of Lechner and Pabinger-Faschinglo that
patients with lupus anticoagulant and a prothrombin
deficiency have a low risk for thrombosis.3 None of
the patients with lupus anticoagulant and a
prothrombin deficiency described in published work
suffered from thrombotic episodes, and in patients
with lupus anticoagulant and thrombosis decreased
prothrombin activity has never been reported.10
Therefore it seems that patients with lupus anti-
coagulant and prothrombin deficiency are protected
from thrombosis by some sort of autoanticoagula-
tion. No antiprothrombin antibodies32 were found
in the three patients with a low prothrombin concen-
tration (not shown).
Our data reconfirm the association between lupus

anticoagulant and (mild) thrombocytopenia in lupus
patients. Although we observed during follow up of
individual patients that platelet counts in patients
with lupus anticoagulant often vary from normal to
mildly decreased, this cross sectional study clearly
showed that thrombocytopenia occurred especially
in patients with lupus anticoagulant and in associa-
tion with a history of thrombosis. This suggests some
form of 'higher turnover' coagulopathy in these
patients. Our patients, however, did not have
thrombosis at the time of study and mean platelet
volumes were normal (data not shown), which con-
tradicts this explanation.
The occurrence of a prolonged bleeding time in

38% of the patients could almost always be
explained by defects in platelet function. The bleed-
ing time of patients with lupus anticoagulant was
significantly prolonged compared with patients with-
out, but the tendency for a longer bleeding time in
patients with a history of thrombosis than in those
without was not statistically significant. The high
incidence of a prolonged bleeding time in lupus
patients in general, and in patients with lupus anti-
coagulant in particular, is remarkable because these
patients do not suffer from bleeding manifestations.

Risk factors for thrombosis in lupus patients 939

As this study is based upon single observations,
one may wonder whether the values of the different
variables tested fluctuate in time. Apart from
common fluctuations in anticardiolipin antibody
concentrations and platelet counts, we have never
observed drastic changes in concentrations of the
other plasma proteins, unless patients were
receiving oral anticoagulants. Therefore, we have
the impression that the conclusions drawn from this
cross sectional study will be confirmed in future
prospective, longitudinal studies to determine risk
factors.

In conclusion, the presence of lupus anticoagulant,
positive anticardiolipin antibody concentrations, a
decreased (mean) protein S concentration, and a
(mild) thrombocytopenia are significantly associated
with a history of thrombosis in lupus patients. No
such relation was found for decreased concentra-
tions of antithrombin III, plasminogen, protein C,
or free protein S. Decreased concentrations of
prothrombin seem to protect against thrombosis.
Analysis by stepwise logistic regression did not show
additional risk factors for thrombosis in patients
with lupus anticoagulant. Furthermore, increased
antithrombin III concentrations, decreased free
protein S concentrations, and a prolonged bleeding
time are common findings in lupus patients,
irrespective of the presence of lupus anticoagulant
or a history of thrombosis, or both.
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