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Extent of vascular plaque predicts future
cardiovascular events in patients with systemic
lupus erythematosus
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Abstract

Objective. Patients with SLE have increased prevalence of clinical cardiovascular disease (CVD) and subclinical
atherosclerosis. Although 30-40% of patients with SLE have vascular plague on ultrasound scanning, this study is
the first to consider the relationship between total burden of plaque and subsequent CVD risk.

Methods. One hundred patients with SLE and without any previous clinical CVD underwent vascular ultrasound
scans of both carotid and both common femoral bifurcations between 2011 and 2013. Clinical, serological, demo-
graphic and treatment data were collected at baseline. Patients were followed till 2020 to identify those who devel-
oped new onset coronary disease or stroke. Statistical analysis to identify factors associated with increased risk of
developing CVD events was carried out.

Results. Thirty-six patients had plague at baseline. During follow-up five patients (all had baseline plaque) devel-
oped coronary disease and two, without baseline plaque, developed lacunar strokes. Mean (s.n.) age of these
patients was 46.5 (4.5) years. Patients with three or more baseline bifurcations with plaque were 10 times more
likely to develop CVD than those with 0-2 bifurcations with plagues (OR 9.9, P=0.009). TPA > 16mm? was associ-
ated with six-fold increased risk of CVD (OR=6.44, P=0.028). Patients with disease duration > 14years were
more likely than those with disease duration < 14years to develop CVD (OR 8.3 P=0.043)

Conclusions. The number of bifurcations with plague and TPA in patients with SLE may be valuable in assessing
risk of CVD and deciding on clinical measures to reduce this risk.
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Rheumatology key messages

e Seven of 100 SLE patients with baseline vascular scans experienced cardiovascular disease (CVD) events within
7.5 years.

 Baseline total plaque area >16mm? and/or >3 bifurcations with plaque predicted increased risk of CVD events.

o Quantifying plague burden in patients with SLE may help rheumatologists manage cardiovascular risk.

Introduction
this, it is well-established that both clinically apparent

SLE is an autoimmune rheumatic disease with a preva- cardiovascular disease (CVD) [2] and subclinical athero-

lence of 97 per 100000 in the United Kingdom [1].
Ninety percent of patients with SLE are women and the
disease typically presents before the age of 50. Despite
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sclerosis detected by imaging [3-6] are significantly
more common in patients with SLE compared with
healthy controls.
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Vascular ultrasound scanning has shown that preva-
lence of carotid plaque in patients with SLE is 30-40%
[4-6]. Increased carotid intima media thickness (IMT)
and presence of plaque at baseline were associated
with increased risk of developing CVD over the next
10years in multivariable analysis in 392 patients with
SLE (mean follow up 8years) [5]. In addition, athero-
sclerotic plaques occur in the absence of intima-media
thickening [4, 7] and during follow-up CVD occurs more
often in patients with coexistent carotid and femoral pla-
ques [7].

The use of carotid ultrasound to optimize CVD predic-
tion is recommended as part of CVD risk evaluation in
autoimmune rheumatic diseases [8] and by several
European and international groups for evaluation of risk
in the general population [9, 10]. It is not clear, however,
how best to use vascular ultrasound information to man-
age CVD risk in patients with SLE.

One possible advance would be to consider the over-
all burden of plaque, assessed by the number of carotid
and common femoral bifurcations with plaque and/or
total plaque area (TPA), in addition to presence of pla-
que in the assessment of CVD risk. This requires scan-
ning techniques that include the femoral as well as the
carotid arteries [11] and measurement of TPA. Few pre-
vious studies have reported on TPA in patients with SLE
[12, 13] and none has looked at association of TPA with
future CVD events in these patients.

In a previous paper published recently in
Rheumatology [6], we described the results of scanning
both carotid and both common femoral artery bifurca-
tions of 100 patients with SLE without any previous CVD
between 2011-2013 to determine IMT, TPA and echoge-
nicity of plaques.

Here we report an analysis of clinical CVD events in
those 100 patients up to 2020, showing that overall bur-
den of plaque at baseline was strongly associated with
these events. Conversely, apart from low complement
factor C3, we found no clear association of conventional
risk factors or biochemical or immunological serum
markers with these events.

Patients and methods
Patients

One hundred patients were recruited from the Lupus
Clinic at University College London Hospital (UCLH). All
met the American College of Rheumatology 1997
revised criteria for SLE [14] and had no previous history
of CVD. Absence of CVD (defined as coronary artery
disease, stroke, or myocardial infarction with confirma-
tory evidence from blood tests including raised troponin
and/or creatine kinase and/or imaging including coron-
ary angiography, computed tomography or magnetic
resonance imaging of the brain) was confirmed by ana-
lysis of medical records. All patients gave informed con-
sent. The study was approved by the combined UCL/
UCLH Research Ethics Committee (Reference 06/

QO0505/79). Recruitment started in October 2011 and
was completed in April 2013. Follow-up continued till
December 2020. Research conformed to the principles
of the Declaration of Helsinki.

SLE disease activity was determined by the BILAG-
2004 Index [15]. Persistently active disease was defined
as a Numerical BILAG-2004 >5 on at least two clinic
visits from the previous four visits [6]. Numerical BILAG-
2004 score was calculated using the method previously
published [16]. Blood results from the day of the scan or
nearest clinic visit were obtained from tests carried out
as part of routine clinical practice. Data on therapy,
traditional CVD risk factors and previous serology were
obtained from medical records. The following factors
were included in the analysis.

Demographic—age at scan, sex.

Disease associated—Age at diagnosis, duration of
disease at time of scan, previous renal lupus ever, per-
sistent disease activity.

Traditional CVD risk factors—Ever-smoker, dia-
betes, diagnosis of hypertension, systolic BP at scan,
total cholesterol, high density lipoprotein cholesterol
(HDL), low density lipoprotein cholesterol (LDL).

Serum values at time of scan—Urea, creatinine, al-
bumin, anti-dsDNA, complement C3, ESR, CRP.

Medication at time of scan—Prednisolone, immuno-
suppressants, statins, angiotensin converting enzyme
inhibitors, aspirin.

Serum positivity  ever—anticardiolipin, lupus
anticoagulant.

Ultrasound scanning

All scans were performed by the same experienced vas-
cular scientist (MG) using the Philips iU22 ultrasound
system (Philips Ultrasound, Bothell, USA) with a linear
array L9-3MHz transducer. The methods have been
described in detail in our previous paper [6]. Briefly,
both carotid and both femoral bifurcations were
scanned. IMT was measured using the system’s auto-
mated software and the mean of IMT from both carotids
(IMTcc) was used in statistical analysis.

An arterial bifurcation was classified as being affected
by plaque if there was a focal thickening of >1.2mm
[17, 18]. The ultrasound images of these plagues were
stored as DICOM files and transferred to a PC for meas-
urement of plaque area using a dedicated software pro-
gram (Carotid Plaque Texture Analysis. (LifeQ Medical
Ltd - www.lifegmedical.com). Total plaque area (TPA)
was defined as the sum of the cross-sectional areas of
all plaques seen in longitudinal images in all four bifurca-
tions. Supplementary Figs S1 and S2, available at
Rheumatology online, illustrate different sized plaques.

Statistical methods Extent of vascular plaque
predicts future cardiovascular events in patients
with systemic lupus erythematosus

Initially we explored the data for the ability of baseline
IMT, number of bifurcations with plaque and TPA to
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predict future events using the Area Under the Receiver
Operator Characteristic (ROC) curve (AUC). This was
also done for those conventional risk factors and bio-
chemical and immunological tests that could be consid-
ered as continuous variables. Factors that were
categorical variables were analysed by constructing 2
by 2 tables, carrying out chi-squared analysis and
expressing probability by Fisher’s exact test.

For the continuous variables that had shown statistic-
ally significant association with future CVD events, we
then used the cut-off points for maximum sensitivity
combined with maximum specificity to construct 2 by 2
tables to identify subgroups at increased risk for future
cardiovascular events. Odds ratios were used to dem-
onstrate the magnitude of their predictive ability.
Subsequently life table analysis was used to determine
the cumulative event free survival for the high-risk sub-
groups detected. Finally, a bivariate analysis was per-
formed using a combination of TPA and duration of the
disease to determine whether this combination could
identify a subgroup with an even higher risk.

We also compared the predictive ability of the varia-
bles described above with that of QRISK3 [19], a risk
calculation algorithm that includes SLE, treatment with
corticosteroids and chronic renal impairment as well as
traditional risk factors in estimating 10-year risk of a
CVD event. We used QRISK3 to calculate this 10-year
risk for each of the 100 patients based on information
available at baseline.

The IBM SPSS statistical package, version 19 was
used. p< 0.05 (2-sided) was considered significant.

Results
New cardiovascular events during follow-up period

Of the 100 patients recruited, 98 were women and 2
were men. All patients were followed up till the end of
2020, with the exception of three patients who died
from non-cardiovascular causes (in 2015, 2016 and
2017) and nine lost to follow-up between 2016 and
2019. The mean (s.p.) duration of follow-up from the first
scan was 7.5 (0.5) years. The baseline characteristics of
these 100 patients were published in our previous paper
and are also included in Supplementary Table S1, avail-
able at Rheumatology online. Although 14 of the 100
studied were taking aspirin at baseline, review of the
medical records showed that none of them was taking
this drug for primary prevention of CVD. In 12 cases, as-
pirin was prescribed due to previous positive tests for
antiphospholipid antibodies (aPL) in the absence of
thrombosis. We were unable to identify the reason for
taking aspirin in the other two cases. Of 34 patients who
had ever been positive for aPL, five were on anticoagu-
lation due to previous thrombosis. One of these five suf-
fered a CVD event during the course of this study.
Seven patients developed CVD for the first time dur-
ing the follow-up period. Five had coronary events
whereas two had lacunar strokes. Details are shown in
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Table 1. All the patients who developed events were
women with mean (s.p.) age at event of 46.5 (4.5) years
and mean (s.p.) duration of SLE of 25.2 (1.5) years.

Baseline factors associated with development of
new cardiovascular events

The ability of baseline IMT, bifurcations with plaque,
TPA, and those conventional risk factors, biochemical
and immunological tests consisting of continuous varia-
bles to predict future cardiovascular events was tested
using the Area Under Curve (AUC) method. The results
are shown in Table 2.

Variables with AUC > 0.70, suggesting ability to pre-
dict events and those with AUC < 0.30, suggesting
potential ability to predict no events, are highlighted in
bold.

Effects of baseline categorical risk factors potentially
related to CVD risk are shown in Table 3. These factors
are listed in the methods section. Overall, none of the
traditional risk factors or measures of disease activity in
Tables 2 and 3 were associated with increased risk of
developing cardiovascular events except low comple-
ment factor C3.

The combination of disease duration with TPA at
baseline identifies a subgroup at high risk of new
cardiovascular events

Tables 2 and 3 showed that only disease duration at
time of scan, low C3, TPA and number of bifurcations
with plaque were associated with new cardiovascular
events. The AUC values for these variables were 0.757,
0.733, 0.759 and 0.724 respectively and there was no
significant difference between them on statistical com-
parison of the ROC curves. To investigate this finding
further, these four factors highlighted in bold in Table 2
were reclassified as categorical variables using their cut-
off points associated with maximum sensitivity com-
bined with maximum specificity and tested in 2x2 tables.
The results are shown in Table 4.

Although the ROC analysis of disease duration sug-
gested 20years as the cut-off point for maximum sensi-
tivity with maximum specificity, we also used 14 years
which gives a higher sensitivity and is still statistically
significant (Table 4). Thus, disease duration of >14years
identified a high-risk group of 45 patients that contained
6 of the 7 clinical events.

Survival curves showing results of life table analysis
using the number of bifurcations with plaque (0-2 vs 3-
4), TPA (<16 mm? vs >16 mm? and C3 (<0.88g/l vs
>0.889/l) are shown in Fig. 1A-C respectively. Patients
with plaques at three or more bifurcations have a cumu-
lative event-free survival of 0.65 which translates to a
cumulative event rate of 35% (Log Rank P=0.001) at
9years or an average annual event rate of 3.9%
(Fig. 1A). Patients with TPA > 16 mm? have a cumula-
tive event-free survival of 0.78 which translates to a cu-
mulative event rate of 22% (Log Rank P=0.015) at
9years or an average annual event rate of 2.4%
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TasLe 1 Description of the seven patients who developed clinical cardiovascular disease during follow-up

Conventional Risk Factors Bifurcations TPA mm? Disease Duration

Patient Age at Age at event Event

Study ID scan with at scan (years)
1 41 42 Stroke  Hypertension Hypercholesterolaemia 0 0 22
2 60 61 CABG Hypertension Hypercholesterolaemia 1 28 33
3 59 60 NSTEMI Hypertension Hypercholesterolaemia 3 94 38
4 49 51 CAD Hypertension Hypercholesterolaemia 3 149 15
Past Smoker
5 63 66 CAD Hypertension 3 120 38
6 37 43 Stroke 0 0 6
7 53 54 CABG  Hypertension 4 92 25

CABG: coronary artery bypass graft, NSTEMI: non-ST elevation myocardial infarction, CAD: coronary artery disease con-
firmed on imaging. In both cases of CAD, the patient underwent percutaneous coronary intervention with insertion of a
stent to a stenosed vessel. Both strokes were lacunar strokes confirmed by magnetic resonance imaging.

TasLE 2 Ability of baseline continuous variables to predict future cardiovascular events assessed using receiver operator
curve analysis

Variable Auc (95% CI) Cut-off for max sensitivity

and max specificity

Intima-media thickness in common carotid artery (cm) 0.409 (0.214, 0.603) 0.422

Bifurcations with plaque 0.724 (0.512, 0.937) 0.049 1.0
Total plaque area (mm?) 0.759 (0.536, 0.981)  0.023 16 mm?
Age at scan (years) 0.665 (0.486, 0.844) 0.146

Age at diagnosis (years) 0.430 (0.292, 0.568) 0.539

Disease duration at scan (years) 0.757 (0.548, 0.965) 0.024 20years
Systolic blood pressure at scan (mmHg) 0.619 (0.408, 0.830) 0.295

Prednisolone dose at scan (mg per day) 0.625 (0.448, 0.802) 0.271

Total cholesterol (mmol/l) 0.429 (0.408, 0.830) 0.530

High density lipoprotein cholesterol (HDL) (mmol/l) 0.391 (0.246, 0.536) 0.337

Total cholesterol/HDL ratio 0.588 (0.439, 0.736). 0.441

Low density lipoprotein cholesterol (mmol/l) 0.469 (0.302, 0.635) 0.782

Creatinine (micromol/l) 0.493 (0.263, 0.723) 0.952

Urea (mmol/l) 0.546 (0.322, 0.770) 0.685

Albumin (g/1) 0.494 (0.262, 0.726) 0.957

Anti-dsDNA (1U/1) 0.482 (0.285, 0.678) 0.871

C3(g/l) 0.733 (0.567, 0.899) 0.041 0.88
Erythrocyte sedimentation rate (mm/h) 0.624 (0.411, 0.838) 0.274

C-reactive protein (mg/dl) 0.496 (0.294, 0.698) 0.973

Bold text = variables that had significant association with future CVS events.

(Fig. 1B). Patients with C3 <0.889/I have a cumulative
event-free survival of 0.77 (Log Rank P=0.024) at
9years with a similar annual event rate (Fig. 1C).
However, C3 levels vary with time and a value of 0.88¢g/
| is only just below the lower limit of normal in our clinic-
al laboratory. For three of the 7 patients who had events
we found that C3 was > 0.88 g/l in 50% or more of vis-
its between 2011-13. Therefore, we investigated com-
bined predictive value of disease duration and TPA
rather than low C3 and TPA.

Disease duration of >14years identified a high-risk
group of 45 patients that contains 6 of the clinical

events. TPA > 16 mm? was also present in 20 of these
patients. This subgroup of 20 patients contained five
clinical events resulting in a 9-year event free survival of
0.67 (Log Rank P=0.037) (Fig. 2).

Comparison with CVD risk calculated using QRISK3

This comparison was carried out to assess whether
scanning identified patients who would not have been
identifiable using QRISK3. According to this calculation
four patients were in the high-risk category with 10-year
risk > 20%, 24 were in the medium-risk category (10-
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TaLe 3 Predictive value of baseline categorical variables for new cardiovascular events during the follow-up period
expressed as Odds Ratios

Variable Categories P OR (95% ClI)

Fisher’s exact test

Hypertension Absent 51 1(2.0%)

Present 49  6(12.2%) 0.057 6.97 (0.808, 60.2)
Diabetes Absent 98 7(7.1%)

Present 2 0 1.000 0.93 (0.89, 0.98)
Ever smoker No 49  5(10.2%)

Yes 29  2(6.9%) 1.000 0.65 (0.11, 3.59)
Persistently active disease No 50 2(4.0%)

Yes 48 5(10.4%) 0.264 2.79(0.52,15.1)
Sex Female 95  7(7.4%)

Male 5 0 1.000 0.93 (0.87, 0.98)
Renal lupus ever No 61 3 (4.9%)

Yes 39 4(10.3%) 0.427 2.21(0.47,10.5)
Anti-cardiolipin positive ever No 81 4 (4.9%)

Yes 13 2(15.4%) 0.192 3.50(0.57, 21.4)
Lupus anti-coagulant positive ever No 78  4(5.1%)

Yes 12 1(8.3%) 0.520 1.68(0.17, 16.5)
Taking immunosuppressants at time of scan ~ No 55 2(3.6%)

Yes 45  5(11.1%) 0.238 3.31(0.61, 18.0)
Taking statins at time of scan No 87 5(5.7%)

Yes 13 2(15.4%) 0.225 2.98(0.51,17.3)
Taking aspirin at time of scan No 86 4(4.7%)

Yes 14 3(21.4%) 0.055 5.59 (1.1, 28.3)
Taking ACE inhibitor at time of scan No 65 4(6.2%)

Yes 35 3(8.6%) 0.693 1.43(0.30, 6.78)

Persistently active disease was defined as a BILAG-2004 score >5 on at least two clinic visits from the previous four visits
[6]. Score calculated according to the formula A=12, B=8, C=1, D=E=0.

TaBLE 4 Predictive values of number of bifurcations with plaque, TPA, disease duration at scan and C3 for future CVD
events expressed as OR

Variable Events P OR (95% CI)

Fisher’s exact test

Bifurcations With Plaque 0-1 vs 2-4 0-1 73 3
2-4 27 4 0.083 4.06 (0.84, 19.4)
Bifurcations With Plaque 0-2 vs 3-4 0-2 85 3(3.5%)
3-4 15 4 (26.7%) 0.009 9.94 (1.96, 50.4)
Total plaque area (TPA) <16 mm? 69 2 (2.9%)
>16 mm? 31 5(16.1%) 0.028 6.44 (1.17,35.3)
Disease duration at scan <20 vs > 20 years <20 years 69 2 (2.9%)
>20years 31 5(16.1%) 0.028 6.44 (1.17,35.31)
Disease duration at scan <14 vs > 14 years <14 years 55 1(1.8%)
>14years 45 6 (13.3%) 0.043 8.31(1.00, 71.8)
C3 <0.88¢/ 31 5(16.1%) 6.44 (1.17,35.31)
> 0.88 g/l 69 2 (2.9%) 0.032
year risk 7.5% to 20%) and 72 were in the low-risk cat- By ROC analysis the AUC for QRISK3 was 0.647

egory (10-year risk < 7.5%). Four patients who actually (95% CI 0.415, 0.879), which was considerably lower
developed an event were in the intermediate category than the AUC for TPA - 0.759 (95% CI 0.536, 0.981).
and three in the low-risk category. None was in the The p-value for the comparison of these AUC values
QRISKS3 high-risk category. was 0.0243.
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Fic. 1 Effects of number of bifurcations with plaque,
TPA and low C3 on CVD risk
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A) Survival curve showing occurrence of CVD events
during follow-up in patients with plaques at >3 bifurca-
tions at baseline compared to those with plaques at 0-2
bifurcations.B) Survival curve showing occurrence of
CVD events during follow-up in patients with TPA
>16mm? at baseline compared to those with
TPA<16mm?2.C) Survival curve showing occurrence of
CVD events during follow-up in patients with C3<0.88g/I
at baseline compared to those with C3>0.88g/I.

Fic. 2 Combined effect of TPA and disease duration on
CVD risk
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ing follow-up in patients with disease duration >14
years and TPA >16mm? at baseline compared to those
with disease duration > 14 years and TPA<16mm?Z.

Discussion

Although it is recognized that patients with SLE have
increased risk of CVD events, it has been very difficult
to translate this knowledge into preventive strategies to
reduce this risk [20]. Clinical trials of statins demon-
strated no significant reduction of subclinical athero-
sclerosis in 200 patients assessed by coronary
computed tomography [21] or in 221 patients with
paediatric-onset SLE assessed by carotid ultrasound
scanning [22]. It is possible that these trials were not
long enough or did not reduce LDL sufficiently to have a
detectable effect on atherosclerosis outcomes. The
Lupus Atherosclerosis Prevention Study (LAPS) of Petri
et al. had a two year follow-up period [21] whereas the
Atherosclerosis  Prevention in  Pediatric  Lupus
Erythematosus (APPLE) study included only patients
with childhood-onset SLE and had a three year follow-
up period [22].

Tselios et al. carried out a systematic review of stud-
ies identifying traditional, disease-associated and imag-
ing factors associated with development of clinical CVD
and subclinical atherosclerosis in patients with SLE [23].
After assessing 101 papers and identifying multiple
associations, they provided a guide to CVD risk monitor-
ing in patients with SLE that stressed regular assess-
ment of traditional risk factors and disease activity and
awareness of antiphospholipid-antibody positivity.
Multiple imaging techniques were included in the review
and only carotid ultrasound was found to be associated
with increased risk of CVD. It was suggested that ca-
rotid scanning might be useful in patients with >1 trad-
itional risk factor plus renal impairment [23].

It is important to identify serological or imaging bio-
markers that predict which patients within a cohort with
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SLE will develop CVD. Preventive measures might then
be focussed on that subgroup. In a series of papers,
McMahon and colleagues in California have studied pro-
inflammatory high density lipoprotein (piHDL), leptin, and
plasma soluble TNF-like weak inducer of apoptosis
(STWEAK) and combined them with diabetes to create a
score called PREDICTS [20, 24-26]. They recently
reported on CVD events in 401 patients with SLE
and 197 control subjects followed for a mean of
120.4 months. In the SLE group there were 20 deaths,
18 new cardiac events, 40 new cerebrovascular events
(including both strokes and transient ischaemic attacks)
and 11 new peripheral arterial events [20]. High
PREDICTS score at baseline was strongly associated
with developing any of these outcomes (AUC 0.71, HR
3.7, p< 0.0001) or with cardiac events (HR 7.3, P=0.02)
or with cerebrovascular events (HR 4.0, P=0.001) [20].
The cohort studied by this group underwent carotid
ultrasound scanning and both IMT and plaque at base-
line were associated with increased risk of CVD events
[20]. The actual prevalence of plaque is lower in this
group than in most other groups—16.3% vs 30-40%
[26]. There are no reports that PREDICTS has been
used outside the group that invented it, perhaps be-
cause the cell-free assay for piHDL is not widely
available.

Few other groups have reported on longitudinal follow-
up of CVD events in patients with SLE who underwent
baseline vascular ultrasound scanning. Kao et al. followed
382 women with SLE for a mean of 8years [5]. There
were 35 incident hard CVD events (defined by the authors
as confirmed new coronary or cerebrovascular events) in
17 patients and these patients were more likely to be
older, have longer use of corticosteroids, increased total
cholesterol and blood pressure. Both baseline plaque (HR
4.67, P=0.01) and carotid IMT (HR 1.35 per 0.05mm in-
crement, p< 0.01) were associated with increased risk of
hard CVD events [5].

Haque et al. described a follow-up study of 200 female
British patients with SLE who had undergone baseline ca-
rotid ultrasound scans [27]. Only 124 patients, however,
had follow-up data. Of these, they reported CVD events
in 12 patients (including 7 coronary and 5 strokes) but
this was on the basis of patient interview with no confirm-
ation from medical records or imaging. Bearing in mind
the caveat of missing data and unconfirmed CVD diagno-
ses, this group found no association between baseline
IMT or plague and CVD events but did find associations
with use of cyclophosphamide ever, triglyceride level and
damage score at baseline [27].

Ajeganova et al. reported on patients from the
Swedish SLE Vascular Impact Cohort [28]. They com-
pared data from 99 patients with SLE and 109 controls
with similar age, sex and traditional risk factors. Five
patients in the SLE group and only one control suffered
new CVD events over a median follow-up of 10.1years.
The events in the SLE group were unusual in that all
were cerebrovascular, three occurred in patients with
antiphospholipid syndrome (APS) who were ftriple-
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positive for anti-cardiolipin, anti-beta-2-glycoprotein |
and lupus anticoagulant and a fourth occurred in a pa-
tient who was double-positive for these antiphospholipid
antibodies. Outcomes in this group may thus represent
APS rather than lupus. Statistical analysis was in terms
of risk of death or CVD events i.e. a composite adverse
outcome, even though none of the seven deaths in the
SLE group were cardiovascular. The authors concluded
that increased IMT at baseline combined with history of
APS and damage score was predictive of their compos-
ite adverse outcome (not CVD per se).

Frerix et al. compared 90 patients with systemic scler-
osis (SSc) and 100 with SLE [7]. This paper was notable
because, unlike most published work in the field of SLE,
both the carotid and femoral bifurcations were scanned.
Follow-up for CVD events was only available for 51
patients with SLE and there were 11 events in 8 patients
(5 coronary, 3 cerebrovascular, 3 peripheral arterial).
Analysis of the SSc and SLE groups together showed
that the presence of both carotid and femoral plaque at
baseline was a strong risk factor for subsequent CVD
events (HR 6.55, P=0.003), but presence of either ca-
rotid or femoral plague alone was not (HR 1.32,
P =0.731). These authors therefore stressed the import-
ance of scanning all four bifurcations, as we have done.

None of these groups measured TPA. In a paper from
Toronto, Eder et al. scanned carotid arteries of 103
patients with SLE, of whom 27 had confirmed previous
coronary artery disease (CAD) [12]. Both cIMT and TPA
were significantly higher in patients with previous CAD
but the relationship was much stronger for TPA.

Our study is unique in combining detailed follow-up
data on 100 patients, scanning of both carotid and fem-
oral bifurcations and measurement of TPA. Like Frerix
et al. [7], we confirm the importance of scanning all four
bifurcations, since there is a significant gain through
being able to identify patients with plaque in more than
two sites. We found no associations between traditional
risk factors and subsequent CVD events whereas some
other groups did find associations with age, lipid levels
and hypertension [5, 20, 27, 28]. We also found no as-
sociation with medications, though other authors have
reported that corticosteroids may promote development
of CVD in patients with SLE whereas antimalarials may
be protective as described in the systematic review by
Tselios et al. [23]. Those authors also suggested an as-
sociation of higher disease activity with CVD and we did
not find this association. Low C3 levels can be a marker
of disease activity but it seems unlikely that the associ-
ation we found between C3 <0.88g/l and CVD events
reflects disease activity because this level lies almost
within the normal range for our clinical laboratory. It is
possible that complement might exert a direct effect on
atherogenesis, separate from any link to lupus activity.
Relationships between complement and atherosclerosis,
however, are complex and may be either protective or
pro-atherogenic (reviewed in [29]). Considering C3 spe-
cifically, C3-deficient mice fed a pro-atherogenic diet
developed increased atherogenesis [30, 31] but in
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human studies elevated C3 was associated with
increased risk of coronary disease [32]. We therefore
place no emphasis on the apparent relationship with C3.

Limitations of our study include the relatively small
numbers of patients and CVD events, and that we did
not collect baseline data on body mass index and cu-
mulative corticosteroid dose. There were only two dia-
betics in the study so effects of this traditional risk
factor could have been missed. Furthermore, this is a
study in a single clinic population and may not be gen-
eralizable. It will be important to repeat similar work in
other populations.

The very strong predictive value of TPA and number
of bifurcations with plaque, however, leads us to sug-
gest that vascular ultrasound scanning may have a
place in assessing CVD risk in patients with SLE. Tselios
et al. suggested that these scans could be done in
patients with previous nephritis and/or > 1 traditional
risk factor [23]. Given our findings, we suggest that dis-
ease duration should be a third criterion for scanning
such that patients with disease duration > 14years
should be offered a scan of both carotid and both fem-
oral bifurcations with measurement of TPA. Such
patients with plaque at >2 bifurcations and/or TPA > 16
mm? are at high risk and could be referred for cardiac
assessment which may include ECG stress tests and/or
imaging to uncover subclinical coronary disease. Based
on the findings they could also be considered for
prophylactic therapy to reduce BP and LDL to targets
that have been shown to be effective in reducing future
cardiovascular events in asymptomatic high risk non-
SLE individuals [9].

Furthermore, an intriguing idea is that changes in TPA
could be monitored to assess success of measures to
control cardiovascular risk factors. In Argentina, Perez
et al. have recently reported on a population of 1317
patients with high cardiovascular risk who entered a
programme designed to optimize control of hyperten-
sion, diabetes and dyslipidaemia. Carotid TPA fell in
35% but rose in 51% [33].
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