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Background: Several autoimmune disorders are complicated by excess cardiovascular disease. In
addition to traditional risk factors, non-traditional risk factors such as endothelial activation and excessive
vascular remodelling might be determinants of the progression of atherosclerosis in patients with an
autoimmune disease.
Objective: To evaluate whether patients with Wegener’s granulomatosis (WG) have an increased
prevalence of atherosclerosis and to determine predisposing factors.
Methods: 29 WG patients (19 men; mean (SD) age, 53 (14) years) with inactive disease and 26 controls
(16 men; age 53 (15) years) were studied. Common carotid intima–media thickness (IMT) was measured
by ultrasound. In all individuals traditional risk factors for cardiovascular disease were determined. High
sensitivity C reactive protein (hsCRP) was measured. Endothelial activation was assessed by measuring
thrombomodulin, vascular cell adhesion molecule-1, and von Willebrand factor. As a marker of vascular
remodelling matrix metalloproteinases (MMP-3 and MMP-9) and TIMP-1 were measured.
Results: IMT was increased in WG patients compared with controls (p,0.05). No differences in traditional
risk factors and endothelial activation markers between patients and controls were found. Levels of hsCRP,
MMPs, and TIMP-1 were increased in WG patients (p,0.05).
Conclusions: Increased IMT found in WG patients cannot be explained by an increased prevalence of
traditional risk factors. Although endothelial activation markers in WG patients with inactive disease were
not increased, the raised levels of hsCRP, MMPs, and TIMP-1 suggest that enhanced inflammation and
excessive vascular remodelling are contributing factors in the development of accelerated atherosclerosis
in WG.

T
he pathogenesis of atherosclerosis is complex and still
not completely understood. It is regarded currently as an
inflammatory disease.1–4 This is supported by various

large scale prospective epidemiological studies showing that
increased serum levels of inflammatory markers are pre-
dictive of future cardiovascular disease.5 6 One of the first
steps in the development of atherosclerosis is endothelial
activation, which results in increased expression of adhesion
molecules on the endothelial cell, promoting adherence of
monocytes. After transmigration into the vessel wall, mono-
cytes become macrophages, which will develop into so called
foam cells. The process continues with lipid accumulation,
release of cytokines, and proliferation of smooth muscle cells,
resulting in plaque formation.
Many risk factors for cardiovascular disease, traditional

and non-traditional, contribute to endothelial activation as
one of the initial steps. Traditional risk factors like smoking,
hypertension, and dyslipidaemia disturb vascular homeo-
stasis, resulting in endothelial activation. Non-traditional risk
factors, such as inflammation, are also involved in these early
steps of development of atherosclerosis. C reactive protein
has been shown to be an independent prognostic marker for
cardiovascular disease.7

Inflammation is also one of the hallmarks of systemic
autoimmune diseases. These diseases—such as rheumatoid
arthritis and systemic lupus erythematosus (SLE)—are
complicated by excess cardiovascular morbidity and mortality
which cannot be explained by traditional risk factors alone.8–13

Endothelial activation, which is common in systemic vasculi-
tides such as Wegener’s granulomatosis (WG) and is probably
induced by autoantibodies,14 15 may be one explanation for this
increased risk. Antineutrophil cytoplasmic antibodies (ANCA),
particularly those directed to proteinase 3 (PR3-ANCA), are

a marker autoantibody for WG, a disease characterised by
necrotising vasculitis affecting small to medium sized
vessels.16 ANCA can activate endothelial cells, as shown in
vitro.17 Endothelial activation may also occur in vivo, as
demonstrated by increased serum levels of soluble intracel-
lular adhesion molecule 1, vascular cell adhesion molecule 1
(VCAM-1), and E-selectin.18 Therefore, endothelial cell
dysfunction and eventually atherosclerosis can be expected
to occur in WG. Indeed, two studies have described
endothelial cell dysfunction in systemic vasculitis.19 20

Furthermore, Booth et al demonstrated increased arterial
stiffness, a reflection of endothelial cell dysfunction, in ANCA
associated systemic vasculitis, which correlated with the
degree of active inflammation.21

Based on these data we hypothesised that atherosclerosis,
as measured by carotid intima–media thickness (IMT),
should have an increased prevalence among WG patients,
which would not be explained by the presence of traditional
risk factors for cardiovascular disease. We evaluated whether
disease related factors were implicated in atherosclerosis.
Furthermore, as vascular remodelling is an essential feature
of the development of atherosclerosis,22–24 we assessed levels
of matrix metalloproteinases (MMP) and the endogenous
tissue inhibitor of matrix metalloproteinases (TIMP) as
markers for vascular remodelling.

Abbreviations: ANCA, antineutrophil cytoplasmic antibodies; BVAS,
Birmingham vasculitis activity score; hsCRP, high sensitivity C reactive
protein; IMT, intima–media thickness; MMP, matrix metalloproteinase;
TIMP, tissue inhibitor of metalloproteinase; VCAM-1, vascular cell
adhesion molecule-1; vWF, von Willebrand factor; WG, Wegener’s
granulomatosis; WTS, wall track system
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METHODS
Patients
We studied 29 consecutive patients fulfilling the American
College of Rheumatology (ACR) criteria for WG25 and
attending our outpatient clinic at the University Hospital
Groningen. Pregnancy and active disease were exclusion
criteria. Disease activity was assessed by the Birmingham
vasculitis activity score (BVAS), and active disease was
defined as a BVAS of .1.26 We recruited healthy age and sex
matched volunteers as controls. The local research ethics
committee gave approval for the study, and informed consent
was obtained from each participant.
Information was obtained from all subjects with respect to

the traditional risk factors for cardiovascular disease, includ-
ing blood pressure, body mass index, lipid levels, smoking
status, diabetes, and family history of cardiovascular disease
(considered positive if first degree relatives suffered from
cardiovascular disease before 60 years of age). The use of
HMG-CoA inhibitors and antihypertensive agents was
recorded.
We also assessed disease related factors that might

influence the development of atherosclerosis. As a measure
of overall disease burden, cumulative BVAS was calculated by
summing the BVAS scores of each exacerbation. In addition,
we recorded cumulative prednisolone doses, proteinuria, and
creatinine clearance.

Blood analyses
Plasma lipid concentrations (cholesterol, high density lipo-
protein, low density lipoprotein, and triglycerides) were
measured by routine techniques.
Additional serum and plasma samples for determination of

levels of markers of endothelial activation, inflammation,
and vascular remodelling were stored at220 C̊ until analysis.
Serum levels of VCAM-1 (R&D Systems, Abingdon, UK),
thrombomodulin (Diaclone, Besançon, France), and MMP-3
(Amersham Biosciences, Uppsala, Sweden) were measured
according to the manufacturer’s instructions. Von Willebrand
factor (vWF), hsCRP, MMP-9, and TIMP-1 were determined
using in-house enzyme linked immunosorbent assays
(ELISAs).
For the determination of serum levels of vWF, microplates

of high protein binding capacity (Nunc, Copenhagen,
Denmark) were coated with 1 mg/ml rabbit antihuman vWF
(DakoCytometion, Glostrup, Denmark) diluted in phosphate
buffered saline (pH 7.2) for 12 hours at 4 C̊. After washing,
the plates were incubated with sera (in two dilutions, 1:100

and 1:200) and a serial twofold dilution of the reference pool
made of 60 healthy volunteers for two hours at room
temperature. After washing, the plates were incubated with
peroxidase conjugated rabbit antihuman vWF (1:3000,
DakoCytometion) at room temperature. After one hour the
plates were washed and the chromogen O-phenylenediamine
(OPD, DakoCytometion) in substrate solution and hydrogen
peroxide was added to each well. The colour reaction was
stopped by adding 1 M H2SO4, and the absorption was read
at 492 nm in an Emax microplate reader. The concentrations
of the samples were calculated against the standard curve by
SOFTmax Pro software (Molecular Devices, Sunnyvale,
California, USA).
Plasma C reactive protein was determined as described

before.27 Briefly, microtitre plates (Greiner, Alphen a/d Rijn,
Netherlands) were coated overnight with rabbit antihuman
C reactive protein (DakoCytometion). Serial fourfold dilu-
tions of plasma samples (starting at 1:20) and standards
were added to the plates after washing. After one hour
of incubation the plates were washed and a peroxidase
labelled rabbit antihuman C reactive protein antibody
(DakoCytometion) was added to the plate. The colour
reaction was achieved as described below.
To detect MMP-9 and TIMP-1, plates were precoated

with F(ab)2 goat antimouse immunoglobulin (Jackson
Immunoresearch Labs, West Grove, Pennsylvania, USA),
1 mg/ml diluted in 0.1 M carbonate buffer (pH=9.6), for
48 hours at 4 C̊. After washing, plates were coated with

Table 1 Characteristics of patients and controls

Characteristic Patients (n = 29) Controls (n = 26) p Value

Age (y) 53.2 (13.8) 53.2 (14.5) NS
Male sex (n (%)) 19 (66%) 16 (62%) NS
Body mass index (kg/m2) 25.6 (3.3) 24.8 (2.8) NS
Blood pressure (mm Hg)

Systolic 115 (17) 116 (17) NS
Diastolic 69 (12) 72 (8) NS

Smoking (n) 1 6 NS
Pack years for smokers 0.5 4.5 (3 to 8)* NS

Diabetes (n) 1 0 NS
Cholesterol

Total (mmol/l) 5.58 (0.90) 5.58 (1.14) NS
LDL (mmol/l) 3.77 (0.79) 3.67 (1.10)
HDL (mmol/l) 1.07 (0.33) 1.17 (0.26)
Triglycerides (mmol/l) 1.73 (0.97) 2.03 (2.36)

Family history of CVD (n (%)) 6 (21%) 8 (31%) NS
Antihypertensive agents (n) 5 0 NS
HMG-CoA inhibitors (n) 4 0 NS

Values are mean (SD) unless stated otherwise.
*Median (25th to 75th centile).
CVD, cardiovascular disease; HDL, high density lipoprotein; LDL, low density lipoprotein; y, years.

Table 2 Characteristics of patients with Wegener’s
granulomatosis

Characteristics All (n = 29)

Disease duration (months) 59 (26 to 124)
Generalised disease (n (%)) 20 (69%)
Proteinuria (mg/l) 0.3 (0 to 0.5)
Creatinine clearance (ml/min) 83 (29)
Patients with exacerbation (n) 17
Number of exacerbations (median, range) 1 (7)
Cumulative BVAS 34.7 (16.8)
Cumulative BVAS/disease duration in months 0.84 (0.74)
Prednisolone use (n) 27
Cumulative prednisolone dose (g) 15 (10 to 29)
Cumulative dose (mg/disease duration in months) 324 (117 to 543)

Values are mean (SD) or median (25th to 75th centile) unless stated
otherwise.
BVAS, Birmingham vasculitis activity score.
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0.1 mg/ml mouse antihuman MMP-9 or 0.5 mg/ml mouse
antihuman TIMP-1 (both R&D Systems). Standards (recom-
binant MMP-9 or TIMP-1; R&D Systems) in eight serial
dilutions and serum samples in four serial dilutions in high
performance ELISA (HPE) buffer (Sanquin, Amsterdam,
Netherlands) were incubated for one hour at room tempera-
ture. After washing, bound MMP-9 or TIMP-1 was detected
by one hour’s incubation with 50 ng/ml biotinylated rabbit
antihuman MMP-9 or 12.5 ng/ml biotinylated rabbit anti-
human TIMP-1 (both R&D Systems), respectively. After
washing, samples were incubated with 0.125 mg/ml strepta-
vidin poly-HRP (Sanquin) for 30 minutes and the colour
reaction was achieved with tetramethylbenzidine (TMB)
(Roth, Karlsruhe, Germany). The reaction was stopped by
adding 1 M H2SO4, the plates were scanned at 450–575 nm,
and the concentrations were calculated against the standard
curves.

Measurements of intima–media thickness
Details of the method used in this study have been described
by de Groot et al.28 In brief, IMT was determined in the far
wall of the left common carotid artery approximately 1 cm
proximal to the bulbus at three different positions. Acuson
128XP ultrasound with 7 MHz linear array transducers was
carried out in all 29 patients and in 21 controls (Acuson
Corporation, Mountain View, California, USA). A B mode
image was obtained of the common carotid artery, after
which a probe was positioned perpendicular to the far wall,
showing an intima–media complex over approximately 1 cm.
Mean IMT (m-IMT; the mean of the three measurements)
and the maximum IMT (M-IMT; the highest IMT value
found among the segment studied) were calculated.
Maximum IMT was used to determine correlations with
other variables.
In addition, IMT of the common carotid artery was

measured using the wall track system (WTS). This technique
measures IMT at a discrete arterial position. The far wall of
the left common carotid artery was assessed three times 1 cm
proximal to the carotid bifurcation. Recorded data were

processed using WTS 2.0 software (Pie Medical, Maastricht,
Netherlands) and the mean value was used for further
analyses, expressed as IMT-WTS. Adequate data of all 29
patients and 19 controls were available for analyses.
IMT was considered to be increased when it exceeded

0.8 mm at the age of 50 and 0.9 mm when age was over 50.29

Statistical methods
Except when stated otherwise, values are expressed as mean
(SD) when variables were normally distributed. In case of a
non-normal distribution, data are reported as median (25th
to 75th centile). Comparison between patients and controls
and between patients with and without increased IMT were
made by two sample t tests or Mann–Whitney U tests for
continuous variables, and by x2 analysis for categorical
variables. The univariate correlation between IMT and other
categorical variables was assessed by the Pearson correlation
coefficient when variables were normally distributed.
Otherwise, the Spearman correlation coefficient was used.
A two sided p value of ,0.05 was considered significant.

RESULTS
Characteristics of patients and controls
The demographic characteristics and traditional cardiovas-
cular risk factors of all subjects are shown in table 1. The
patients and controls were similar with respect to age, sex,
blood pressure, smoking habits, body mass index, lipid levels,
prevalence of diabetes, and a positive family history of
cardiovascular disease. Five patients (17%) used antihyper-
tensive drugs and four (14%) used HMG-CoA inhibitors.
None of the 26 controls used antihypertensive agents or
HMG-CoA inhibitors.

Disease related factors
To study the relation between disease characteristics and the
development of atherosclerosis, several disease related factors
were recorded (table 2). The duration of disease from
diagnosis of WG until the point of IMT measurement was
59 (26 to 124) months. Twenty patients had generalised

Table 3 Intima–media thickness of patients and controls

IMT Patients (n = 29) Controls (n = 26) p Value

WTS (M mode) IMT (mm) 0.81 (0.21) 0.66 (0.12), n = 19 0.004
Acuson (B mode) m-IMT (mm) 0.72 (0.16) 0.66 (0.13), n = 21 0.129

M-IMT (mm) 0.86 (0.17) 0.77 (0.11), n = 21 0.035

Values are mean (SD).
IMT, intima–media thickness; m-IMT, mean IMT; M-IMT, maximum IMT; WTS, wall track system.
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Figure 1 Inflammation and endothelial activation markers. Empty
circles represent controls, filled circles represent patients with Wegener’s
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disease and 17 had experienced at least one exacerbation.
Proteinuria was 0.3 (0.0 to 0.5) g/l and creatinine clearance
83 (29) ml/min. Cumulative prednisolone dose taken by 27
patients was 15 (10 to 29) g.

Intima–media thickness
As a marker of early atherosclerosis IMT was assessed by
B mode and M mode ultrasound (table 3). Using Acuson
(B mode), maximum IMT (M-IMT)—measured over an
arterial segment in the common carotid artery of approxi-
mately 1 cm—was increased in WG patients (p,0.05),
whereas mean IMT (m-IMT) over this segment did not differ
between controls and patients.
Measured by WTS (M mode), providing an accurate value

for IMT at a discrete arterial position, IMT was increased in
patients with WG (p,0.01).

Blood analyses
To investigate whether endothelial activation in WG patients
with inactive disease was present, serum levels of endothelial
activation markers (thrombomodulin, VCAM-1, and vWF)
were measured. Although differences were not significant
between patients and controls, serum vWF tended to be
higher in the patients, at 95 (38 to 185) v 49 (30 to 116) ng/ml
(p=0.11). Compared with controls, plasma levels of hsCRP
were raised in WG patients, at 2.79 (0.89 to 7.22) v 0.18 (0.16
to 0.66) mg/l (p,0.01; fig 1).
Concentrations of MMP-3, MMP-9, and TIMP-1, reflecting

vascular remodelling, were significantly increased in WG
patients compared with controls (p,0.01) (fig 2).

Univariate analyses of risk factors
To determine predisposing variables, univariate regression
analyses were undertaken to detect correlations between
M-IMT and traditional risk factors for cardiovascular disease
on the one hand, and non-traditional risk factors and disease
related factors on the other (table 4). Both in controls and
patients, M-IMT was correlated with age, as shown in fig 3
(r=0.57, p=0.002 and r=0.48, p=0.028, respectively).
Furthermore, in controls a positive correlation was found
between M-IMT and body mass index (r=0.56, p=0.008),
systolic blood pressure (r=0.51, p=0.018), and diastolic
blood pressure (r=0.52, p=0.016). In the patients, M-IMT
was negatively correlated with the number of exacerbations
(r=20.41, p=0.035). None of the other variates was
significantly correlated with M-IMT.

Comparison of risk factors for cardiovascular disease
in WG patients with and without increased IMT
By dividing the patient group in those with (n=17) and
without (n=12) increased IMT, we evaluated which factors

were more prevalent in those with increased IMT (table 5).
No differences in any of the variables were found, except for
the number of exacerbations, which was higher in the group
of patients with a normal IMT (p=0.03).
We also compared WG patients with an increased IMT

with the controls. Except for HDL levels, which were lower in
the patients, no differences in traditional risk factors were
found. Patients used more HMG-CoA inhibitors (p,0.05)
than controls. hsCRP, MMP-3, MMP-9, and TIMP-1 values
were significantly higher in patients with an increased IMT.

DISCUSSION
In this study, we showed that increased IMT was a sign of
accelerated development of atherosclerosis in WG patients,
assessed during inactive disease, compared with controls.
This difference could not be explained by traditional risk
factors, suggesting that the disease itself contributes to the
development of atherosclerosis. Patients had raised levels of
hsCRP, MMP-3, MMP-9, and TIMP-1, reflecting increased
systemic inflammation and enhanced vascular remodelling.
Previous studies have shown premature atherosclerosis in

autoimmune diseases such as SLE and rheumatoid arthritis.
Roman et al found an association of atherosclerosis with a
longer duration of disease, a higher damage index score, and
less aggressive immunosuppressive treatment, arguing
strongly for chronic inflammation as an atherogenic factor
in patients with SLE.12 Endothelial dysfunction, which may
lead to atherosclerosis, has been demonstrated in systemic
vasculitis.19–21 The present study shows for the first time an
increased prevalence of atherosclerosis in patients with
systemic vasculitis.
To measure the extent of atherosclerosis we used ultra-

sound of the common carotid artery, as this segment can be
assessed with high reproducibility, showing less variability
than other segments, and reveals the presence of early
atherosclerosis.30 We chose to use two different ultrasound
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Figure 3 Correlation between intima–media thickness and age in
controls and patients. Empty circles represent controls, filled circles
represent patients with Wegener’s granulomatosis.

Table 4 Correlations between maximum intima–media
thickness and other variables

Variable

Patients (n = 29) Controls (n = 26)

r p Value r p Value

Age 0.57 0.00 0.48 0.03
Body mass index 0.00 0.98 0.56 0.01
Blood pressure
Systolic 0.27 0.18 0.51 0.02
Diastolic 0.28 0.16 0.52 0.02

Cholesterol
Total 20.31 0.11 0.38 0.09
LDL 20.20 0.32 0.27 0.24
HDL 20.26 0.20 20.17 0.47
Triglyceride 0.19 0.35 0.09 0.72

TM 20.04 0.85 0.13 0.67
VCAM-1 0.23 0.26 20.01 0.98
VWF 0.13 0.51 20.05 0.86
HsCRP 0.14 0.49 20.17 0.57
MMP-3 20.21 0.30 20.11 0.71
MMP-9 20.13 0.53 0.08 0.79
TIMP-1 0.01 0.96 20.31 0.23
Disease duration 0.22 0.27
Proteinuria 0.05 0.80
Creatinine clearance 20.12 0.54
Number of
exacerbations

20.41
0.04

Cumulative BVAS 20.27 0.18
Prednisolone* 0.06 0.75

*Cumulative dose.
BVAS, Birmingham vasculitis activity score; HDL, high density lipoprotein;
hsCRP, high sensitivity C reactive protein; LDL, low density lipoprotein;
MMP, matrix metalloproteinase; TIMP, tissue inhibitor of
metalloproteinase; TM, thrombomodulin; VCAM-1, vascular cell
adhesion molecule-1; vWF, von Willebrand factor.
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techniques, B mode and M mode. The B mode technique
provides an image of the whole arterial segment, which
allows assessment of a maximum IMT value over a segment
and is thus suited to detection of the often initially focal
increase in vessel wall thickness in early atherosclerosis. In
our correlation analysis with risk factors we used maximum
IMT values and not mean values to detect correlations
between other variables. M mode IMT is the IMT at a discrete
arterial position and has the advantage of a greater accuracy
of measurement. It is thus able to detect smaller intergroup
differences in IMT. Overall, there is good agreement between
WTS-IMT and the mean B mode IMT.31 Also, our data
showed a strong correlation between B mode and M mode
(mean difference=0.06 mm, range 20.09 to 0.43).
To determine predisposing factors for atherosclerosis in our

patient group, traditional and non-traditional risk factors
were investigated. Although the prevalence of traditional risk
factors did not differ significantly between patients and
controls, patients tended to be slightly older and to have a
higher body mass index and blood pressure, and were more
likely to be male and to have a family history of
cardiovascular disease. Thus in addition we compared the
prevalence of traditional risk factors in patients with an
increased IMT with controls. Only HDL concentrations were
lower in patients. Smoking tended to be more prevalent in
controls and other risk factors did not differ significantly.
Overall, risk factors between the two groups seemed to be

equally distributed, suggesting again that disease related
factors predispose for the development of atherosclerosis.
However, because of the limited number of patients included
in our study, no multivariate analyses could be undertaken.
To investigate whether WG is an independent risk factor for
accelerated development of atherosclerosis, prospective stu-
dies in a larger population need to be done. To determine the
extent of endothelial activation, which might be one of the
first steps in the development of atherosclerosis, concentra-
tions of thrombomodulin, sVCAM-1, and vWF were mea-
sured. The values tended to be higher in patients with
inactive disease, especially for vWF (p=0.11), suggesting low
grade chronic endothelial activation.14

Atherosclerosis is considered to be a chronic inflammatory
disorder, and C reactive protein—a marker of systemic
inflammation—is described as an independent prognostic
marker for cardiovascular disease. In our patients, plasma
concentrations of hsCRP were increased. Several studies have
suggested that C reactive protein may contribute directly to
the development of atherosclerosis, as it induces expression
of adhesion molecules on the endothelial surface and
promotes the adherence of leucocytes.32 33 Thus C reactive
protein could be a direct link between autoimmune disease,
which is characterised by systemic inflammation, and an
increased risk for cardiovascular disease.
Another important process in atherosclerosis is vascular

remodelling in which MMPs play a major role. Excessive

Table 5 Characteristics of patients with Wegener’s granulomatosis, with and without increased intima–media thickness, and
controls

Characteristic Normal IMT (n = 12) Increased IMT (n = 17) Controls

Age (y) 47.6 (13.8) 57.2 (12.7) 53.2 (14.5)
Male sex (n (%)) 6 (50%) 13 (76%) 16 (62%)
Body mass index (kg/m2) 24.6 (2.2) 26.2 (3.8) 24.8 (2.8)
Blood pressure (mm Hg)
Systolic 110 (15) 118 (18) 116 (17)
Diastolic 66 (7)* 71 (14) 72 (8)

Smoking (n (%)) 0 1 (6%) 6 (23%)
Pack years 0.5 4.5 (3 to 8)

Diabetes (n) 0 1 0
Cholesterol

Total (mmol/l) 5.82 (0.87) 5.41 (0.90) 5.58 (1.14)
LDL (mmol/l) 3.89 (0.74) 3.68 (0.84) 3.67 (1.1)
HDL (mmol/l) 1.21 (0.34) 0.97 (0.30)* 1.17 (0.26)

Triglycerides (mmol/l) 1.62 (1.24) 1.81 (0.74) 2.03 (2.36)
Family history of cardiovascular disease (n (%)) 1 (8) 5 (29) 8 (31)
Duration (months) 85 (18 to 161) 43 (29 to 80)
Generalised disease (n (%)) 7 (58%) 13 (76%)
Proteinuria (mg/l) 0.3 (0 to 0.5) 0.2 (0 to 0.65)
Creatinine clearance (ml/min) 85 (28) 82 (30)
Patients with exacerbation (n) 9 8
Number of exacerbations 2 (0 to 3)� 0 (0 to 1.5)
Cumulative BVAS 36.5 (20.1) 33.6 (14.9)
(cum BVAS/duration in months) 0.75 (0.60) 0.89 (0.84)
Prednisolone use (n) 11 16
Cumulative prednisolone dose (g) 15 (9 to 38) 16 (11 to 24)
Cumulative prednisolone dose (mg/duration in
months) 395 (104 to 612) 323 (146 to 543)
Antihypertensive agents (n) 2 3 0
HMG-CoA inhibitors (n) 0 4* 0
hsCRP (mg/l) 1.8 (0.8 to 7.0)* 3.2 (1.6 to 7.2)** 1.2 (0.16 to 0.66)
TM (ng/ml) 3.0 (2.0 to 4.5) 3.4 (2.5 to 5.4) 4.02 (2.47 to 5.4)
VCAM-1 (ng/ml) 413 (165) 462 (106) 404 (95)
vWF (%) 119 (38 to 187) 73 (32 to 177) 68 (30 to 116)
MMP-3 (ng/ml) 63.6 (51.6 to 128.7)* 60.4 (45.8 to 79.4)* 43.3 (23.1 to 58.6)
MMP-9 (ng/ml) 502 (309) 578 (347)* 347 (124)
TIMP-1 (ng/ml) 296 (118) 316 (79)** 238 (48)

Values are mean (SD), n (%), or median (25th to 75th centile) unless specified.
Intima–media thickness (IMT) was considered to be increased when it exceeding 0.8 mm at the age of 50 and 0.9 mm in subjects over 50.
*p,0.05 v controls.
�p,0.05 v Wegener’s granulomatosis patients with increased IMT.
**p,0.01 v controls.
BVAS, Birmingham vasculitis activity score; HDL, high density lipoprotein; hsCRP, high sensitivity C reactive protein; LDL, low density lipoprotein; MMP, matrix
metalloproteinase; TIMP, tissue inhibitor of metalloproteinase; TM, thrombomodulin; VCAM-1, vascular cell adhesion molecule-1; vWF, von Willebrand factor.
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tissue remodelling and increased MMP activity have been
demonstrated during atherosclerotic lesion progression
including plaque disruption. Increased levels of MMP-1,
MMP-3, MMP-9, and TIMP-1 are found in human athero-
sclerotic plaques.24 Also, increased serum concentrations of
MMPs have been detected in acute coronary syndromes.34–36

Various cells present in plaques produce these MMPs,
including smooth muscle cells and basophils, but the major
source is the activated macrophage. Stimuli for synthesis are
cytokines, which are inflammatory mediators. Thus some
studies suggest that MMP values can also be used as markers
of disease activity, for example in rheumatoid arthritis,37 38

Takayasu arteritis,39 and giant cell arteritis.40 We found
increased levels of MMP-3, MMP-9, and TIMP-1 in our
patients as well. The question remains as to whether this is a
reflection of the greater prevalence of atherosclerotic changes
in the vessel wall or of smouldering disease activity in these
patients, which results in endothelial activation and, even-
tually, in atherosclerosis.
When we divided our patient group on the basis of the

presence or absence of increased IMT, no differences were
found in the prevalence of traditional or non-traditional risk
factors, except for the number of exacerbations. We had
expected to find a history of more severe disease in patients
with increased IMT. In contrast, patients with lower IMT
experienced more exacerbations than those with increased
IMT. This finding is unexplained. Others have suggested that
patients with exacerbations should be treated more aggres-
sively with immunosuppressive drugs, resulting in prolonged
disappearance of chronically low grade inflammation and
endothelial cell activation.12 However, in the present study no
difference was found in the cumulative dose of prednisolone
between patients with and without increased IMT.

Conclusions
IMT is increased in patients with Wegener’s granulomatosis
compared with controls. This cannot be explained by an
increased prevalence of traditional risk factors. Although
endothelial activation markers in patients with inactive
disease only showed a trend to an increase, the levels of
hsCRP, MMPs, and TIMP-1 were raised. Whether this
resulted from atherosclerosis or indicated ongoing smoulder-
ing disease activity has to be analysed further. However, until
those studies have been done, intervention is recommended
when traditional risk factors are present in order to prevent
cardiovascular disease in these patients.
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