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Autoimmunity is suggested to play a
role in premature atherosclerosis.
Anti-neutrophil cytoplasmatic anti-
bodies (ANCA) are a group of auto-
antibodies found in several inflamma-
tory disorders in which they
supposedly amplify the inflammatory
process. We tested the hypothesis that
ANCA play a role in premature
atherosclerosis. A cross-sectional
study was performed, followed by a
nested case-control study. In 286
consecutive patients with premature
atherosclerosis (age < 55y) ANCA
were tested. Within the same cohort, a
nested case-control study in 16 ANCA
positive patients and 32 ANCA
negative controls matched for sex, and
site of atherosclerosis, was executed.
The prevalence of ANCA was 5.6%
(16/286). All cases had perinuclear
ANCA; no cytoplasmatic ANCA were
found. The mean age was 42 ±7 years
in the ANCA positive versus 42 ± 9
years in the ANCA negative group (P
= ns). More females were ANCA
positive (8M/8F vs. 200M/70F, P =
0.03). Patients with ANCA had more
often peripheral vascular disease
(37.5% vs. 15.2, P = 0.03). In the case-
control study levels of Lp(a) were
higher (43.8% vs. 15.6% > 300mg/L, P
= 0.05), whereas levels of HDL-
cholesterol were lower in ANCA
positive patients (0.84 ± 0.26 vs. 1.06 ±
0.27 mmol/L, P = 0.01). Markers of
inflammation, CRP and SAA, did not
differ, nor did antibodies against ox-
LDL and MDA-LDL, markers for the
extent of atherosclerosis. Our results
suggest that ANCA do not appear to
play a major role in premature athero-
sclerosis since there was no increased
prevalence of the autoantibody. More-
over, no differences in the incidence of
classical cardiovascular risk factors
nor in serum levels of  markers of
inflammation were found between the
ANCA positive group and the ANCA
negative group.

INTRODUCTION

Atherosclerosis is an inflammatory
disease of multi-factorial origin,
resulting in vascular occlusion [1]. It
begins at an early age with enhanced
adhesion of predominantly monocytes
to sites of activated endothelium,
giving rise to so-called fatty streaks,
which progress to atherosclerotic
plaques later on. The inflammatory
reaction is a response to injuries to the
endothelium such as oxidative stress
provided by oxidatively modified
LDL-particles (ox-LDL), smoking and
hyperhomocysteinaemia, shear stress
or even infectious disease [2;3].

Whereas most cardiovascular
atherosclerotic diseases become
clinically manifest in the sixth and
seventh decade [4], a number of
patients present with manifest
atherosclerotic disease before the age
of 55. This is known as premature
atherosclerosis. Why these patients
suffer from premature atherosclerosis
is not known, but it is evident that most
patients are more exposed to multiple
established risk factors as compared to
their controls [5;6]. Autoimmunity has
been suggested as a causative factor for
atherosclerosis, especially in acceler-
ated forms of atherosclerosis, and
several auto-antibodies are associated
with an enhanced form of athero-
sclerosis, such as anti-cardiolipin
antibodies (ACLA), antibodies against
oxidized LDL (anti oxLDL), and
antibodies against heat shock protein
65 (anti HSP65) [7-10]. On the other
hand it is known that patients suffering
from autoimmune diseases such as
systemic lupus erythematodus (SLE)
and anti phospholipid syndrome are
known to have more aggressive forms
of atherosclerosis [11].

ANCA are a class of auto-
antibodies that are found in several
inflammatory diseases such as
systemic necrotizing vasculitis,
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inflammatory bowel disease, primary
biliary cirrhosis, autoimmune liver
disease and rheumatoid arthritis. It has
been hypothesized that ANCA, in
these conditions, amplify the in-
flammatory process [12]. Yet, no data
on the presence of ANCA in
atherosclerosis, a process characterized
by chronic inflammation, have been
reported.

In the present study, we tested a
large cohort of patients with premature
atherosclerosis for the presence of
ANCA and related the presence of
these antibodies to clinical findings
and markers of inflammation.

MATERIALS AND METHODS

Patients
Consecutive patients with premature
atherosclerosis who were referred to
our outpatient clinic for lipid disorders
and atherosclerosis between June 1994
and December 1998 were included in
this study. Premature atherosclerosis
was defined as a clinically established
manifestation of atherosclerotic vascu-
lar disease (defined as a coronary,
cerebrovascular or peripheral vascular
‘event’ as diagnosed by the referring
specialist) before the age of 55 years.
In all patients the following risk factors
were recorded retrospectively from
patient charts: smoking, dys-lipidemia,
hypertension (defined as a blood
pressure >160/90 mmHg), family
history for cardiovascular diseases,
diabetes mellitus, and hyperhomo-
cysteinaemia. ANCA were determined
in all patients. In addition, a case-
control study was performed by
comparing the ANCA positive group
with an ANCA negative control group
from the same population. Groups
were matched for gender and
presentation of the atherosclerotic
manifestation.

ANCA detection
ANCA were detected by indirect
immunofluorescence on ethanol fixed
granulocytes as described previously
[13]. Test or control serum samples
were tested in a dilution of 1:20, and
further at twofold dilutions. Slides
were read by two independent ob-
servers, and a titer ≥ 1:40 was con-
sidered positive. A pattern of cyto-
plasmatic ANCA or perinuclear ANCA
was considered positive, an atypical
staining pattern was considered ne-
gative. The specificity for ANCA
either for proteinase 3 (Pr3), myelo-
peroxidase (MPO), human leucocyte
elastase (HLE) was detected by capture
ELISA as described before [14].

Lp(a)
Levels of Lp(a) were determined using
a commercially available ELISA
(TintElize®Lp(a), Biopool Interna-
tional, Ventura, CA, USA).

Antibodies against oxidized LDL
(oxLDL)
Titers were determined in 40- and 80-
fold diluted samples of venous blood
sampled in EDTA tubes and stored in –
20°C until analysis. Levels of anti-
bodies to oxLDL and malondialdehyde
(MDA)-LDL were determined as
reported before [15]. Results are ex-
pressed as the proportion of absor-
bency of the sample on plates coated
with MDA-modified LDL as compared
to the absorbency on plates coated with
freshly prepared native LDL. Titers for
ox-LDL antibodies are the proportion
of absorbency of the serum sample on
plates coated with copper-oxidized
LDL as compared to absorbency on
plates coated with freshly prepared
native LDL.

C-reactive protein (CRP) and serum
amyloid A (SAA)
Levels of CRP and SAA were
determined by using an in-house
ELISA, as described before [16;17].
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Table 1. Differences in baseline characteristics between ANCA positive and ANCA negative group

ANCA positive ANCA negative P-value

Age (years±±±±SD) 42±7 42±9 ns
Sex (M/F, %F) 8/8 (50%) 200/70 (25.9%) 0.05
Cerebrovascular disease (N,%) 2/16 (12.5%) 56/270 (20.7%) ns
Coronary artery disease (N,%) 10/16 (62.5%) 173/270 (64.1%) ns
Peripheral vascular disease (N,%) 6/16 (37.5%) 41/270 (15.2%) 0.03
Current and former smoking (N,%) 15/16 (93.8%) 211/235 (89.8%) ns
Dyslipidaemia (N,%) 12/16 (75%) 227/262 (86.6%) ns
Positive family history (N,%) 8/15 (53.3%) 164/231 (71.0%) ns
Diabetes mellitus (N,%) 0/16 (0%) 9/212 (4.3%) ns
Hypertension (N,%) 8/16 (50%) 83/230 (36.1%) ns
Hyperhomocysteinaemia (N,%) 6/15 (40%) 74/219 (33.8%) ns

N=number of patients, ns=not significant, SD=standard deviation, M/F=male/female.

Anti nuclear antibodies (ANA)
ANA were detected according to
standard procedures on HEp-2 cells.
Titers >1:40 were considered to be
positive [18].

Statistics
In a nested case-control study, all
ANCA positive patients from the
original population were included.
ANCA negative controls were selected
in a matched 1:2 approach using sex
and site of arteriosclerosis as matching
variables. A descriptive analysis of
demographic data and other clinical
features study was performed. Con-
tinuous data are presented as mean,
with the standard deviation (SD), or
median and inter quartile range (IQR),
whichever is appropriate. In case of a
non-normal distribution, data was log-
transformed before performing stati-
stical tests. Categorical data are
presented by percentage and count of
each category. A comparison of all
ANCA positive versus ANCA negative
patients in the baseline study popu-
lation was performed. Furthermore, a
comparison based on selection for the
nested case-control study in the ANCA
negative patients was performed. For
continuous data in these comparisons
of unpaired data, one-way analysis of
variance was used if normally distri-
buted, or Mann-Whitney U tests if the

distribution was skewed. For cate-
gorical data, comparisons were made
using Fisher exact or Chi-square tests.
For the analysis of the matched case-
control data, conditional logistic re-
gression was used with sex and site of
atherosclerosis as matching variables
and ANCA status as the dependent
variable, and either ox-LDL, MDA-
LDL, CRP or SAA as independent
variable, controlling for univariate
significant co-variates. Relative risks
and 95 percent confidence intervals
(95%CI) are given as the results of the
regression analysis. A P-value < 0.05
was considered statistically significant.
All analyses were performed using
commercially available computer soft-
ware (Statistical Analysis System
version 6.12, SAS Institute, Cary, NC,
USA).

RESULTS

Cross sectional study
As expected the overall prevalence of
cardiovascular risk factors was con-
siderable in our population (table 1).
The prevalence of ANCA in our study
population was 5.6% (16/286). Peri-
nuclear ANCA (pANCA) were found
in all 16 patients. By ELISA three of
these 16 samples tested positive for
MPO-ANCA, whereas none of the
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samples tested positive for Pr3-ANCA
or HLE-ANCA. In the ANCA positive
group 3 of 16 patients tested positive
for ANA. One patient had a history of
Henoch Schonlein purpura and one
patient had rheumatoid arthritis. None
of the other patients had known
ANCA-related disorders such as
vasculitis, inflammatory bowel disease,
autoimmune liver diseases or SLE
and/or other connective tissue disease.

Of the ANCA positive patients
50% were female as compared to
25.9% women in the ANCA negative
group (P = 0.05). In both groups an
equal percentage of patients suffered
from cerebrovascular disease (12.5%
vs. 20.7%, P =n.s.) and coronary artery
disease (62.5% vs. 64.1%, P =n.s.), but
a larger proportion of patients with
ANCA had peripheral vascular disease
(37.5% vs.15.2%, P = 0.03). When
compared to the ANCA negative
group, no differences in the prevalence
of risk factors for cardiovascular
disease were found in the ANCA
positive group. The proportion of
patients with dyslipidemia was 75%
(ANCA positive) vs. 86.6% (ANCA
negative), current or former smoking
93.8% vs. 89.8%, hypertension 50%
vs. 36.1%, a positive family history

for cardiovascular diseases 53.3%
versus 71.0% and the proportion of
hyperhomocysteinaemia was 40.0%
versus 33.8%. A relatively low num-
ber of patients (0% versus 4.3%) had
diabetes mellitus.

Nested case control study
A nested case control study was
performed, comparing the 16 ANCA
positive patients with 32 matched
ANCA negative patients, with
respect to cardiovascular risk factors
and markers of inflammation (table
2). Levels of HDL-cholesterol were
lower in patients with ANCA
compared to nested controls (0.84 ±
0.26 vs. 1.06 ± 0.27 mmol/L, P =
0.01). There was also a greater
proportion of patients with Lp(a)
levels above 300 mg/L (43.8% vs.
15.6%, P = 0.05). Inflammatory
markers such as the acute phase
reactants CRP (1.6 (1.0-2.9) vs. 1.9
(1.2-3.1) mg/L, P =n.s.) and SAA
(0.8 (0.4-2.6) vs. 1.1 (0.5-2.5) mmol/
L, P =n.s.) did not differ nor did
levels of antibodies against oxLDL
(1.6 (1.4-1.9) U vs. 1.6 (1.4-2.0), P
= n.s.) and MDA-LDL (3.3 (2.6-3.8)
vs. 3.6 (3.0-4.2), P =n.s.; table 3.).

Table 2. Some salient characteristics of the case control study

ANCA positive (n=16) ANCA negative (n=32) P-value

Age(years±±±±SD) 43±7 45±8 ns
Sex (%F) 50.0 50.0 ns
Coronary artery disease (%) 62.5 69.0 ns
Cerebrovascular disease (%) 12.5 12.5 ns
Peripheral vascular disease
(%)

37.5 31.3 ns

Positive family history (%) 53.3 71.0 ns
Smoking (%) 93.8 83.9 ns
Dyslipidaemia (%) 75 87.5 ns
Diabetes mellitus (%) 0 0 ns
Hypertension (%) 50 34.4 ns
HDL-cholesterol (mmol/L±±±±SD) 0.84±0.26 1.06±0.27 0.01
Lp(a) > 300 mg/L (N, %) 7/16 (43.8%) 5/32 (15.6%) 0.05
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DISCUSSION

The aim of this single centre, cross
sectional study was to establish the
significance of  ANCA in patients with
premature atherosclerosis. The majo-
rity of our patients with premature
atherosclerosis was exposed to a large
number of cardiovascular risk factors
as reported previously [6;19]. In
addition, there is ample evidence that
autoimmune processes are involved in
the development of atherosclerosis as
well [20;21]. Therefore, we tested the
hypothesis that ANCA may be present
in our cohort of patients. We found a
prevalence of pANCA of 5.6% (16/
286). This suggests that the prevalence
of ANCA is low and probably not
higher than can be found in a general
population, since a prevalence of 6.1%
was reported in a previous study
performed in a comparable population
[22]. Atherosclerosis is characterized
by a systemic inflammatory response.
ANCA can be found in several
inflammatory diseases in which they
probably amplify the inflammatory
process. We hypothesized that ANCA
may also amplify the inflammatory
process in patients with premature
atherosclerosis who were ANCA po-
sitive. However, no evidence for
enhanced inflammation was found in
our ANCA positive patients, nor did
we find higher levels of antibodies
against oxidized LDL, that are thought
to reflect the extent of atherosclerosis
[8;23].

However, we did find higher
levels of Lp(a) in our ANCA positive
patients. Elevated levels of Lp(a) (≥
300 mg/L) are an independent risk
factor for cardiovascular disease,
especially in patients with premature
atherosclerosis [24]. Higher levels of

Lp(a) have been reported in patients
with SLE and anti-phospholipid syn-
drome as well [25;26]. Although not
immunogenic itself, the presence of
Lp(a) is known to facilitate the
atherosclerotic process possibly by
providing a prothrombotic environ-
ment since its molecular structure
strongly resembles plasminogen [27].
Moreover, it induces expression of cell
adhesion molecules on coronary endo-
thelial cells in vivo [28] and, in SLE
patients, elevated levels of Lp(a) were
associated with higher oxLDL-con-
taining immune complexes, that are
thought to be easier phagocyted by
macrophages [29]. Although it is
known that elevation of plasma Lp(a)
levels occurs in inflammatory states in
the setting of an acute phase reaction, it
is not likely that this was present in our
patients since levels of CRP and SAA,
both established acute phase reactants,
did not differ between both groups.

Interestingly, levels of HDL-cho-
lesterol were lower in ANCA-positive
patients. A possible explanation for
this finding could be that HDL-
cholesterol and its apolipoprotein A1
are thought to have scavenging and
anti-inflammatory proportions [30].
However, our study design does not
permit us to go any further than to
speculate on this subject.

Table 3. Conditional Logistic Regression
Analysis of serum markers of the ANCA
positive and ANCA negative groups of the
case control study

Marker OR 95% CI
Ln (Antibodies
against oxLDL )

0.88 (0.4-1.94)

Antibodies against
MDA-modified LDL

0.81 (0.15-9.48)

Ln (CRP) 1.19 (0.11-6.69)
Ln (SAA) 0.55 (0.27-1.15)

Ln =logarithmically transformed, OR=odds ratio,
CI=confidence interval
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In conclusion, autoimmunity to myeloid
granules as reflected by ANCA does not
seem to be of major importance in patients
with premature atherosclerosis. Our data
confirm, however, earlier reports that
patients with premature atherosclerosis are
extensively exposed to risk factors such as
dyslipidemia, smoking, hyper-tension, a
positive family history and
hyperhomocysteinemia [5;6;19]. The
observation of higher Lp(a) and lower
HDL in the ANCA positive patients with
premature atherosclerosis merits further
study.
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