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Abstract
Objective
The link between specific antibodies and atherogenesis in primary antiphospholipid syndrome (PAPS) is less strong
than for thrombosis, although clearly the two processes are related and thrombosis is the main complication of
atherosclerosis, a process known as atherothrombosis. The aim of this study was to investigate the influence of
serum lipid levels and anti-oxidized LDL (oxLDL) antibodies on the clinical features of 42 patients with PAPS (mean
age 40.45 + 13.37; 32 women and 10 men), and to compare them with 47 control subjects (mean age 39.68 + 13.93;
33 women and 14 men).

Methods
Total cholesterol, HDL and triglyceride concentrations were determined by enzymatic methods. LDL was calculated
according to the Friedwald formula. Anticardiolipin, anti-oxidized LDL and anti-B2glycoprotein I antibodies were
detected by ELISA.

Results

A significant association was found between arterial events and triglyceride, LDL and cholesterol concentrations,

but multivariate analysis showed that cholesterol concentrations were the most important predictor of arterial events
(p = 0.012). Cerebrovascular insults were the most significantly associated with cholesterol concentrations (p =

0.011). Myocardial infarctions were more frequently present in patients more than 40 years of age (p = 0.032). No
significant association of the investigated parameters with venous thromboses was found. Recurrent abortions were

not associated with the presence or concentrations of the investigated parameters. Although patients had increased
concentrations of anti-oxLDL antibodies, no significant association was found between the titres of anti-oxLDL anti-

bodies and clinical features of APS.

Conclusions
In patients with PAPS, lipid concentrations are a better predictor for arterial events than anti-oxLDL antibodies.
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Introduction

Antiphospholipid syndrome (APS)
may be primary (PAPS) or second-
ary to another autoimmune disease or
malignancy (1) and it is characterized
by arterial and/or venous thromboses
and recurrent abortions, accompanied
by elevated titers of antiphospholipid
antibodies: anticardiolipin (aCL), anti-
B2-glycoprotein I (f2gpl) and/or lupus
anticoagulant (2-4). The other target
antigens for the antiphospholipid anti-
bodies include prothrombin (5), oxi-
dized LDL (oxLDL) (6), etc.

On the one hand, experimental data in-
dicate that anti-oxLDL antibodies may
be protective (7-9), while on the other
hand, a correlation was found between
the existence and titers of anti-oxLDL
antibodies and the extent of atheroscle-
rosis, thrombosis and other cardiovas-
cular or autoimmune diseases (10-13).
George et al. (14) indicated that oxLDL
aggravates the clinical manifestations
of APS and suggested that autoanti-
bodies cross-reactive with oxXLDL may
provide a pathogenic mechanism for
accelerated atherosclerosis in APS.
During atherogenesis, LDL becomes
trapped in the subendothelial space and
is subsequently oxidized, and oxidized
LDL is the major antigen implicated in
atherosclerosis (15).

However, despite the fact that prema-
ture atherosclerosis has been reported
in autoimmune diseases, the pres-
ence of underlying atherosclerosis has
not been widely analysed in patients
with PAPS. Studies in humans with
PAPS have involved a relatively small
number of patients. In addition, the role
of classical risk factors for atheroscle-
rosis (serum lipid levels) in PAPS pa-
tients is unclear because most clinical
studies include patients with primary
and secondary antiphospholipid syn-
drome and patients with systemic lupus
erythematosus. Moreover, the link be-
tween antiphospholipid antibodies and
atherogenesis in PAPS is less strong
than for thrombosis, although clearly
the two processes are related (16) and
thrombosis is the main complication
of atherosclerosis, a process known as
atherothrombosis (17). In addition, the
occurrence of placental infarctions and
vascular thrombosis in women with re-
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current abortions (18) suggests that this
complication may be a part of a gener-
alized thrombotic disorder.

Therefore, the aim of this study was
to investigate the influence of serum
lipid levels and anti-oxLDL antibod-
ies on the clinical features of patients
with PAPS. For comparison we also
studied the same parameters in control
subjects.

Patients and methods

Patients

Our study was approved by the local
ethical committee and all participants
gave their written informed consent.
This study included 42 consecutive
patients (32 women and 10 men) with
PAPS, diagnosed using the updated
Sapporo criteria (4, 19). The mean age
of the analysed patients was 40.45 +
13.37, and the ages ranged from 19 to
78. Our patients were not on any medi-
cations that might have affected the
analysed parameters.

This study also included 47 blood do-
nors (33 women and 14 men) predomi-
nately drawn from laboratory person-
nel. Exclusion criteria for the control
subjects were the presence of acute
or chronic diseases and the taking of
medications that in anyway might have
affected the analyzed parameters. The
mean age of the control subjects was
39.68 + 13.93 (range 18 to 73) yrs.
The body mass index (BMI) was cal-
culated as the weight (kg)/height® (m?).
Individuals with BMI > 30 kg/m? were
considered as obese. Persons with BMI
25 - 30 kg/m? were considered to have
an elevated BMI, while persons with
BMI = 25 kg/m? had a normal BML.

Methods

After overnight fasting (12h) and 24h
without intensive physical activity, pa-
tients were placed in a resting position
immediately prior to venepuncture. The
application of a tourniquet was never for
longer than three minutes. The blood
samples were collected for serum and
plasma evaluation from the antecubital
vein, and centrifuged for 10 minutes at
3000 rotations per minute.

Antibody levels were estimated by
ELISA in patient sera using commer-
cial reagents of Imtec Immunodiagnos-



tika, GmbH, Germany for the detection
of anti-oxLDL antibodies (synchronous
detection of the IgG and IgM isotypes).
The test is based on the simultaneous
incubation of serum samples with both
oxidized LDL and the native LDL,
with the subsequent determination of
anti-oxXLDL antibodies. The cut-off
value for anti-oxLDL antibodies was
30 U/mL.

Commercial reagents of Imtec Immu-
nodiagnostika, GmbH, Germany were
used to detect anti-f2gpl antibodies
(IgG and IgM isotypes) and anticar-
diolipin antibodies (IgG and IgM iso-
types). The cut-off value for IgG aCL
antibodies was 48 U/mL, while 44 U/
mL was the cut-off value for [gM aCL
antibodies, and 7 U/mL was the cut-off
value for IgG and IgM anti-B2gpl an-
tibodies.

The presence of lupus anticoagulant
was detected according to the recom-
mendations of the Subcommittee on
Lupus Anticoagulant/ Antiphospholipid
Antibody of the Scientific and Stand-
ardisation Committee of the Interna-
tional Society of Thrombosis and Hae-
mostasis (20).

Serum total cholesterol, HDL and trig-
lyceride concentrations were measured
by enzymatic methods using commer-
cial reagents from Randox Laborato-
ries Ltd., United Kingdom. LDL-cho-
lesterol was calculated according to the
Friedwald formula (21).

The cut-off value for total cholesterol
was < 5.20 mmol/L, for HDL = 1.60
mmol/L, for LDL < 3.40 mmol/L, and
for triglyceride the cut-off was < 1.70
mmol/L.

Statistical analysis

Statistical analysis was conducted in
three steps. In the first step, descrip-
tive statistics were used to summarize
the patients’ characteristics. Continous
variables were expressed as the mean +
SD. Secondly, the association between
clinical risk factors for an APS-related
event was examined using contingency
table analysis, the t-test or the Mann-
Whitney test, where appropriate. Com-
parisons between patients and control
subjects were carried out by the Mann-
Whitney test, t-test and x> test, as ap-
propriate. In the third step, logistic re-
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gression was performed with the APS-
related event as the dependent variable
and those clinical risk factors whose
association with the event was statis-
tically significant in the preeceding
analysis as the independent variables.
In all of the above-mentioned tests, p
<0.05 was considered as statistically
significant.

Analyses were conducted using SPSS
10 (SPSS Inc, Chicago IL, USA).

Results

The comparison of the parameters in-
vestigated between PAPS patients and
healthy control subjects is shown in
Table I.

In the patient group, 23.8% (10/42) had
hypertension, which was more frequent
in comparison with the control sub-
jects who were all normotensive (x> =
12.607, p = 0.000). Obesity was more
frequent among patients than in control
subjects but the difference was not sig-
nificant (4/42, 9.5% vs 2/47, 4.3%; %>
=0.979, p =not significant = ns). There
were more smokers among patients in
control subjects, but the difference was
not significant (14/42, 33.33% vs 9/47,
19.10%; x> = 2.329, p = ns). No asso-
ciation was found between the levels of
the investigated parameters and smok-
ing in the patients.

Patients were then divided in two
groups based on the presence/absence
of at least one arterial event, which is
shown in Table II.

Among the patients, 54.76% (23/42)
had at least one arterial event and Table
IIT shows the association of the inves-
tigated parameters with arterial events.
Arterial events were more frequent in
patients older than 40 years of age (x> =
10.380, p =0.001), while no significant
association with BMI, smoking or hy-
pertension was found between patients
with and without arterial events. A sig-
nificant association was found between
arterial events and triglyceride, LDL
and cholesterol concentrations, but
multivariate analysis showed that cho-
lesterol concentrations were the most
important predictor of arterial events
(OR = 2.388, p = 0.012, B = 0.870,
95% CI for OR = 1.209 to 4.717).

Table IV shows the number of patients
with the clinical features of PAPS and
the autoantibodies evaluated in this
study. Patients with arterial events were
divided as follows: patients with throm-
boses of the peripherial arterial blood
vessels, patients with cerebrovascular
events, and patients with myocardial
infarctions. Cholesterol concentrations
were the most important predictor of
cerebrovascular insults (OR = 3.200,
p =0.011, B =1.163, 95% CI for OR
= 1.310 to 7.814). Multivariate analy-
sis showed that patients older than 40
years had more frequent myocardial
infarctions (OR = 11.500, p = 0.032,
B =2.442, 95% CI for OR = 1.238 to
106.850). No significant association of
the investigated parameters with ve-

Table I. Comparison of the parameters investigated in PAPS patients and control subjects.

Investigated parameters PAPS (n =42) Control subjects P value
(n=47)
Age, years (mean + SD) 4045 = 13.37 39.68 + 13.93 0.690
Cholesterol (mmol/l), mean = SD 517 = 1.18 487 + 0.96 0.180
HDL (mmol/l), mean + SD 1.18 + 0.23 1.54 £ 0.27 0.000
LDL (mmol/l), mean + SD 322 = 1.04 279 £ 092 0.062
Triglyceride (mmol/l), mean + SD 1.72 «  0.78 1.18 = 0.46 0.000
aCl IgG (U/ml), mean + SD 195.07 + 176.06 204 + 30.34 0.000
aCl IgM (U/ml), mean + SD 160.47 + 154.70 11.22 = 6.68 0.000
ap2gpl IgG (U/ml), mean + SD 27.53 = 3531 313 = 1.82 0.000
ap2gpl IgM (U/ml), mean + SD 2046 + 34.15 198 = 1.19 0.012
aoxLDL (U/ml), mean + SD 62.22 = 46.90 2524 =+ 13.14 0.000
“Lupus anticoagulant (%) 28/32  (87.50%) 0/47 (0%) 0.000

aCL IgG: anticardiolipin antibodies of the IgG isotype; aCL IgM: anticardiolipin antibodies of the
IgM isotype; af2gpl IgG: anti- B2glycoprotein I antibodies of the IgG isptype; ap2gpl IgM: anti-
B2glycoprotein I antibodies of the IgM isptype; aoxLDL: anti-oxLDL antibodies.

Comparisons between groups were carried out by the Mann-Whitney test.

*Comparisons between groups were carried out by the - test.
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Table II. Clinical features of the patients investigated.

Clinical events No. of pts. (%)

1. Cerebrovascular insults
2. Thromboses of peripherial arterial blood vessels
3. Myocardial infarctions

Arterial events
(n =23; 17 women)

9/23 (39.13)
7/23 (30.43)
7/23 (30.43)

1. Recurrent abortions
2. Venous thromboses

Non-arterial events
(n=19; 15 women)

6/15 (40.00)
13/19 (68.42)

Table III. Comparison of the analysed parameters between patients with and without
arterial events.

Investigated parameters Arterial events Non-arterial events P value
(n=23) (n=19)
(mean + SD) (mean + SD)
Cholesterol (mmol/l), mean + SD 561 = 1.08 4.63 * 1.08 0.011
HDL (mmol/l)), mean + SD 1.17 = 0.25 .19 = 0.22 0.909
LDL (mmol/l), mean = SD 356 + 097 280 = 0098 0.044
Triglyceride (mmol/l), mean + SD 196 = 0.89 142 + 049 0.023
aoxLDL (U/ml), mean + SD 62.89 = 50.53 61.37 £ 43.25 0.834
aCl IgG (U/ml), mean + SD 192.62 + 171.64 198.10 = 18591 0.704
aCl IgM (U/ml), mean = SD 184.05 = 175.82 130.28 + 120.91 0.674
ap2gpl IgG (U/ml). mean + SD 26.19 = 32.68 29.24 = 3931 0.683
ap2gpl IgM (U/ml), mean + SD 21.69 = 36.67 18.89 = 31.61 0.176
“Lupus anticoagulant, (%) 14/17  (82.35%) 14/15 (93.33%) 0.603

aCL IgG: anticardiolipin antibodies of the IgG isotype; aCL IgM: anticardiolipin antibodies of the
IgM isotype; ap2gpl IgG: anti- B2glycoprotein I antibodies of the IgG isptype; ap2gpl IgM: anti-
p2glycoprotein I antibodies of the IgM isptype; aoxLDL: anti-oxLDL antibodies.

Groups were compared bythe Mann-Whitney test.

*Comparisons between groups were carried out by the - test.

Table I'V. The number of patients with the clinical features of PAPS and the autoantibodies
analyzed in this study.

Clinical LA aCL (n =42) ap2gpl (n=41) aoxLDL

features (n=32) Any IeG IgM Any 1gG IgM (n=41)
Arterial events (n= 23)

CVI(n=9) 6 7 5 6 6 5 2 6

MI(n=7) 4 5 4 2 3 2 1 5

PAT(n=7) 4 7 4 5 6 3 5 6
Non-arterial events (n = 19)

VT (n=13) 9 10 6 8 7 6 5 11

RA (n=06) 5 5 5 4 5 4 3 5

Sum (%)  28/32 34/42 24/42 25/42 27/42 20/41 16/41 33/41

(87.50) (80.95) (57.14)  (60.97)  (65.85) (48.78)  (39.02) (80.49)

aCL IgG: anticardiolipin antibodies of the IgG isotype; aCL IgM: anticardiolipin antibodies of the
IgM isotype; aP2gpl IgG: anti-p2glycoprotein I antibodies of the IgG isptype; ap2gpl IgM: anti-
p2glycoprotein I antibodies of the IgM isotype; aoxLDL: anti-oxLDL antibodies; CVI: cerebrovas-
cular insults; IM: myocardial infarctions; LA: lupus anticoagulant; PAT: thromboses of peripherial
arterial blood vessels; RA: recurrent abortions; VT: venous thromboses.

nous thromboses was found. Recurrent ~ presence and titers of anti-oxL.DL anti-

abortions were not associated with the
presence or concentrations of the in-
vestigated parameters.

Patients with PAPS had significantly el-
evated anti-oxLDL antibodies in com-
parison with control subjects, but the

bodies did not predict any of the clinical
manifestations of APS. Investigation
of the presence of multiple antibodies
with clinical features of PAPS showed
no significant association, except in the
case of the simultaneous presence of

364

anti-oxLDL and anti-p2gpl antibodies,
which was associated with thromboses
of the peripherial arterial blood vessels
(% =7.00, p = 0.008). Rigidly selected
patients with very high positivity for
antiphospholipid antibodies (80.95%,
87.50%, 65.85% for anticardiolipin
antibodies, lupus anticoagulant, anti-
B2gpl antibodies, respectively, Table
IV), and the relatively small number
of patients included in our study (n =
42) are reasons for the lack of a statis-
tically significant association between
antiphospholipid antibodies and the
clinical features of PAPS.

Discussion

The main clinical manifestations of
atherothrombosis are coronary heart
disease (CHD), peripherial vascular dis-
ease, and stroke (17). The relationship
between the triglyceride concentration
and the risk of CHD has not been firmly
established because most studies have
reported increased triglyceride concen-
trations to be positively correlated with
an increased risk of CHD in univariate
analysis, but when other risk factors for
CHD were included in the multivariate
model, triglyceride often lost its signif-
icance (22). However, there is evidence
that increased triglyceride concentra-
tions may be an independent risk factor
for CHD, especially in women (23). A
subgroup of patients with a high preva-
lence of anticardiolipin antibodies and
premature atherosclerotic peripherial
vascular disease had a low occurrence
of dyslipidaemia (24). Ames et al. (25)
reported no significant changes in to-
tal cholesterol, HDL or LDL levels in
patients with antiphospholipid anti-
bodies, suggesting that other factors
might be important in the development
of atherosclerosis. Similarly to Ames
et al. (25), we did not find significant
changes in total cholesterol and LDL
concentrations, but we did find that
HDL concentrations were significantly
lower in patients with PAPS in compar-
ison to healthy control subjects (Table
I). In addition, we found that triglycer-
ide and LDL concentrations were sig-
nificantly associated with the arterial
events in patients with PAPS (Table
IIT), but multivariate analysis showed
that cholesterol concentrations were
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the most important predictor for this
clinical finding.

Hyperlipidaemia and hypertension in-
crease the risk of thrombosis in patients
with antiphospholipid antibodies (26).
It has been reported that cerebrovas-
cular events with a high titer of anti-
cardiolipin antibodies of the IgG iso-
type were associated with smoking
and hyperlipidaemia and that recurrent
events were significantly more com-
mon among smokers and hyperlip-
daemics (27, 28). Our findings were
similar because we demonstrated that
cerebrovascular insults in patients with
PAPS were associated with elevated
cholesterol concentrations, but we did
not find any association with hyperten-
sion and smoking.

An independent risk factor for myo-
cardial infarction and sudden cardiac
death are high titers of antiphospholi-
pid antibodies. The risk is even higher
in patients who also have antibodies
against oxLDL (12). Autoantibodies
against oxLDL and phospholipids oc-
cur both in healthy individuals and in
patients with cardiovascular diseases
(9). Karvonen et al. (7) reported that
anti-oxLDL antibodies were inversely
associated with the risk of cardiovas-
cular diseases. In our study, no signifi-
cant association between anti-oxLDL
antibodies and myocardial infarctions
was found, and multivariate analysis
showed that only ageing appears to be
a strong risk factor for myocardial inf-
arctions in PAPS.

Previously it was reported that hyper-
tension and smoking were associated
with arterial events, but not with ve-
nous events in APS patients (29). Dog-
gen et al. (30) reported that elevated
triglyceride levels were associated with
a doubling of the risk of venous throm-
bosis in women, whereas elevated HDL
cholesterol levels were associated with
a decreased risk and total cholesterol
levels were not associated with venous
thrombosis. We did not find a signifi-
cant association of any of our param-
eters with venous thromboses.
Although previously mentioned studies
(10-12) have reported that anti-oxLDL
antibodies are pathogenic, some stud-
ies (8) provide evidence for a protec-
tive role of anti-oxLDL antibodies in

atherosclerosis and CHD. Antibodies
may neutralize immunogens, and this
is the reason why humoral immunity to
oxLDL can reduce the incidence of ath-
rosclerosis (31). Although in our study
80.49% of the analysed patients had el-
evated titres of anti-oxLDL antibodies
(with higher concentrations in patients
with arterial events, p = ns), those anti-
bodies did not discriminate between ar-
terial or venous events, but confirmed
the tendency towards vascular events.
In this sense, anti-oxLDL antibodies
should have the same significance as
anticardiolipin antibodies.

Although patients with PAPS had high
titers of anti-oxLDL antibodies, our re-
sults demonstrate that a better predictor
for arterial events in PAPS are elevated
serum lipid levels. Therefore, our rec-
ommendation would be that testing for
serum lipids should be mandatory in
patients whose first clinical manifes-
tation of APS are at least one arterial
event, especially in those who are more
than 40 years old. Our results have very
important implications for the new
treatment strategies. Statins are to be
strongly recommended for the preven-
tion of accelerated atherothrombosis
in PAPS patients, similarly to patients
with systemic lupus erythematosus
(32). This should help physicians to in-
troduce additional therapy (lipid lower-
ing drugs, such as statins) to minimize
the probability of recurrent thrombotic
episodes and prevent the clinical mani-
festations of atherothrombosis in pa-
tients with PAPS.
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