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intima-media thickening in both systemic
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arteries and follow-up for cardiovascular events
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Abstract
Introduction: The objective of this cross-sectional and retrospective cohort study was (1) to determine the usefulness
of intima-media thickness (IMT) in contrast to plaque assessment, (2) to examine the value of additive femoral artery
sonography and (3) to identify potential risk factors for atherosclerosis and incident cardiovascular events in systemic
sclerosis (SSc) and systemic lupus erythematosus (SLE) patients.
Methods: In this study, 90 SSc and 100 SLE patients were examined by duplexsonography. IMT was measured in
common carotid and common femoral arteries, plaques were assessed in common, internal and external carotid and
common, proximal superficial and deep femoral arteries. Different definitions of pathological IMT (pIMT) were
compared with the presence of plaque. Results were evaluated in relation to traditional and non-traditional risk factors
for baseline atherosclerosis (logistic regression) and their predictive value for cardiovascular events during follow-up
(cox regression).
Results: Definite atherosclerosis occurred frequently without signs of subclinical atherosclerosis in both diseases:
pIMT >0.9 mm was present in only 17/59 (28.9%) SSc and 13/49 (26.5%) SLE patients with already present
atherosclerotic plaques. Using age-adjusted pIMT definitions, this rate was even lower (5.1-10.3% in SSc, 14.3-26.5% in
SLE). Plaques were located only at the carotid or only at the femoral arteries in 26 (13.7%) and 24 (12.6%) patients,
respectively. Age and nicotine pack-years were independently associated with atherosclerotic plaques in SLE and SSc
patients, as well as the cumulative prednisolone dose in SSc subgroup, and ssDNA positive SLE patients had a lower risk
for atherosclerotic plaque. During follow-up (available for 129/190 (67.9%) patients, 650 person-years), cardiovascular
events occurred more often in patients with coronary heart disease (adjusted-hazards ratio (HR) 10.19, 95% confidence
interval (CI) 3.04 to 34.17, P <0.001), male patients (adjusted-HR 8.78, 95% CI 2.73 to 28.19, P <0.001) and in patients with
coexistent carotid and femoral plaques (adjusted-HR 5.92, 95% CI 1.55 to 22.67, P = 0.009). Patients with solely carotid or
femoral plaque were not at higher risk.
Conclusion: Atherosclerotic plaque lesions can be found frequently in absence of intima-media thickening in both SSc
and SLE patients. As well as routine sonography of carotid arteries, the sonography of femoral arteries is recommended
to identify additional atherosclerotic lesions and to detect patients at a high risk for cardiovascular events.
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Introduction
Several studies have reported different findings with respect to subclinical atherosclerosis (that is, pathologic
thickened intima-media) and definite atherosclerotic lesions (that is, plaque) in connective tissue diseases [1-15].
Recently, two meta-analyses and reviews revealed a
higher carotid intima-media thickness (cIMT) compared
with healthy controls in both systemic sclerosis (SSc) patients and systemic lupus erythematosus (SLE) patients
[1,2]. The majority of included studies limited duplexsonographic examination to the common carotid artery (CCA)
for intima-media thickness (IMT) measurement. However,
atherosclerotic plaques are often present at the section
from the bulb to the internal carotid artery (ICA). Therefore, it is unclear whether several studies, which primarily
focused on subclinical atherosclerosis, failed to detect
already present atherosclerotic plaques.
Interestingly, in contrast to the results of the metaanalyses mentioned above, all large lupus studies in which
atherosclerotic assessment was extended to segments distal to the CCA found a lower or a normal cIMT but a significantly higher rate of atherosclerotic plaques compared
with age-matched and sex-matched controls [3-5]. Additionally, a decrease in small artery elasticity in SLE patients was observed without an increase of cIMT [6].
Hence, from these results atherosclerotic lesions seem to
occur independently of subclinical atherosclerosis in SLE.
An increased prevalence of coronary heart disease in
SSc patients was reported recently [7], but controversy
remains as to whether accelerated atherosclerosis is a
feature of SSc [8,9]. In one larger cohort of SSc patients,
IMT or plaque frequency was not significantly different
from controls [10], but whether the frequency of atherosclerotic plaque was underestimated by exclusion of ICA
and external carotid artery (ECA) segments and an unusual strict definition of plaque is unclear. In contrast,
another larger cohort revealed no difference in IMT but
an increased prevalence of atherosclerotic plaques in carotid arteries (data published as abstracts only, details of
IMT and plaque assessment unknown) [11,12]. Moreover, other available data from small SSc cohorts revealed
conflicting results regarding cIMT and a low frequency of
atherosclerotic plaques, but may be biased when ultrasound examination was limited to CCA [13,14]. In contrast, only in one available study extending the assessment
of atherosclerotic plaques to all carotid artery segments
(bilateral common, ICA and ECA) as well as vertebral arteries was a significantly higher rate of definite atherosclerotic lesions in SSc patients found [15].
Unknown state of premature atherosclerosis is of substantial interest for the affected patients, because Belcaro
and colleagues previously showed in nonconnective tissue
diseases that carotid and femoral artery lesions have a comparable power in predicting cardiovascular events (CVEs)
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[16]. Notably, the assessment of all four arteries predicted more events than scans of only carotid, only femoral arteries or only one side. There is only limited
information on whether the femoral artery is affected by
atherosclerosis in SLE [17], and studies searching for
femoral artery plaques in SSc are lacking. CVEs were
evaluated in several lupus cohort studies [18-20] and
one SSc cohort study [21], but cohort studies including
femoral artery duplexsonography are lacking.
Based on the potential impact of atherosclerosis on morbidity and mortality of SLE patients and SSc patients, our
cross-sectional duplexsonography study of carotid and
femoral arteries and retrospective cohort study of CVEs
was designed to determine the usefulness of intima-media
measurement in contrast to atherosclerotic plaque detection, to assess the value of femoral artery additive to carotid artery sonography for identification of patients at
risk for incident CVEs, and to evaluate potential traditional and nontraditional risk factors associated with
baseline atherosclerosis as well as their predictive value for
incident CVEs during follow-up in both patient groups.

Methods
Patients

We retrospectively identified 90 consecutive SSc patients
and 100 SLE patients from the inpatient and outpatient
clinics of the Department of Dermatology, Venerology,
and Allergology, University of Bochum, St Josef-Hospital
Bochum and the Department of Nephrology and Rheumatology, Marienhospital Herne, University of Bochum between June 2004 and December 2006 to be eligible: SSc
patients had to meet the criteria reported by LeRoy and
Medsger [22] (and were subclassified into respective subsets: limited cutaneous SSc, n = 51; diffuse cutaneous SSc,
n = 39) and SLE patients had to fulfill the American College
of Rheumatology criteria [23]. Detailed characteristics of
SSc and SLE patients are presented in Table 1.
The study was conducted in accordance with the Declaration of Helsinki and guidelines of the local ethics
committee of the Ruhr-University Bochum (separate
ethics approval was not needed for this retrospective
study according to the local ethics committee regulations). All data analyzed are based on routine clinical
examination; no patient underwent additional examination procedure for the purpose of this study. Written
informed consent was obtained from all patients for the
use of clinical and duplexsonography data, and the use
of blood samples for observational research purposes.
Ultrasound examination

Baseline ultrasound examinations of carotid and femoral
arteries of all 190 SLE and SSc patients were performed by
two experienced investigators (JS and SMW) at the Department of Nephrology and Rheumatology, Marienhospital
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Table 1 Baseline characteristics of systemic sclerosis and systemic lupus erythematosus patients
Systemic sclerosis (n = 90)

Systemic lupus erythematosus (n = 100)

Female

Characteristic

78 (86.7%)

87 (87%)

Age (years)

57.7 ± 14.4

48.1 ± 15.1

Disease duration (months)

85.0 ± 96.0

69.6 ± 92.0

Body mass index

24.5 ± 4.0

25.2 ± 4.7

Adipositas, body mass index >30

6 (6.7%)

14 (14%)

Hypertension

45 (50%)

56 (56%)

Systolic blood pressure (mmHg)

129.9 ± 23.2

130.6 ± 21.5

Diastolic blood pressure (mmHg)

75.9 ± 11.5

77.6 ± 10.6

0.8 (0, 4)

0.9 (0, 6)

Mean number of antihypertensives
Diabetes

4 (4.4%)

6 (6%)

Pulmonary hypertension

17 (18.9%)

3 (3%)

Coronary heart disease

10 (11.1%)

9 (9%)

5 (5.6%)

2 (2%)

Peripheral artery vessel disease
Nicotine use, current or former
Nicotine pack-years

43 (47.8%)

53 (53%)

10.7 ± 19.5

10.4 ± 16.2

Triglyceride (mg/dl)

139.2 ± 84.9

128.1 ± 69.9

Cholesterol (mg/dl)

216.5 ± 50.2

213.9 ± 59.6

Low density lipoprotein (mg/dl)

125.5 ± 39.2

123.7 ± 46.8

High density lipoprotein (mg/dl)

63.7 ± 18.7

64.4 ± 17.9

Family history of cardiovascular disease

12 (13.3%)

16 (16%)

Mean Rodnan skin score (median, range)

11 (9, 43)

–

Mean SLEDAI (median, range)

–

11 (9, 60)

Mean SLICC (median, range)

–

2 (2, 8)

Values are mean ± standard deviation, number (percentage), or median (range).
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics damage index.

Herne, University of Bochum using the Siemens Acuson
Sequoia 512 Ultrasound system (Siemens Medical Solutions, Erlangen, Germany) equipped with an 8 L5 linear
transducer. Examinations were performed at 8.0 MHz for
extracranial carotid and femoral arteries in several longitudinal and transversal section views to assess IMT and to
identify atherosclerotic plaques (B-mode and color-coded
duplexsonography). To avoid interobserver bias and because sonography examiners were not blinded for diagnosis
in the routine clinical setting, the recorded anonymous images were evaluated only by one investigator (MF) without
knowledge of patient data and characteristics.
Carotid artery assessment of intima-media thickness and
atherosclerotic plaques

We documented the mean of six IMT measurements at
the far wall of the CCA over a 1 cm long segment, 1 to
2 cm proximal to carotid bifurcation for both sides. We
compared the power of left and right IMT values and
documented a mean IMT of the CCA as the mean of 12
measurements among both sides. The areas of plaque
were not included in the IMT assessment. Because the

term pathologic intima-media thickening (pIMT) for
assessment in the CCA is widely used but not well defined, we compared three different definitions of pIMT: a
European version (pIMT > 0.9 mm) [24], a German version (men 40 to 70 years old, pIMT > 1.0 mm; women 40
to 54 years old, pIMT > 0.85 mm and 55 to 70 years old,
pIMT > 1.0 mm) [25], and an Atherosclerosis Risk in
Communities (ARIC) version, defined by the 90th percentile for different age and sex groups out of the ARIC
cohort [26]. To apply the most sensitive definition of
pIMT, a patient was diagnosed to have pIMT of the CCA
when the left or right IMT CCA fulfilled these conditions
(even when the mean of left and right IMT CCA was
lower). Additionally, a focal thickening of intima-media
that did not fulfill the definition of plaque might have fulfilled the definition of pIMT.
We screened the arteries for carotid plaques in common, internal and external carotids. According to the
Mannheim cIMT consensus, a plaque was defined as a
focal thickening of intima-media >0.5 mm or 50% of surrounding intima-media into the arterial lumen, or a focal
thickening >1.5 mm [27].
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Femoral artery assessment of intima-media thickness and
atherosclerotic plaques

Analog to the assessment of mean IMT of the CCA, the
mean IMT of the common femoral artery (CFA) was calculated as the mean of 12 IMT measurements at the far
wall of the CFA (six at each side). Plaques were investigated with respect to the common, proximal superficial
and deep femoral artery on both sides. Because femoral artery IMT measurement is not routinely performed, normal
or rather pathologic IMT values as well as a definition of
plaque are not given particularly for femoral arteries. Femoral artery plaque was thus defined similar to carotid artery
plaque as a focal thickening of intima-media >0.5 mm or
50% of surrounding intima-media into the arterial lumen,
or a focal thickening >1.5 mm [27]. In addition, we used
and compared the definitions of pIMT and atherosclerotic
plaque as given for carotid arteries with the findings at the
femoral arteries.
Assessment of traditional cardiovascular risk factors
for atherosclerosis

The assessed traditional risk factors for atherosclerosis were
age, sex, body mass index, arterial hypertension, diabetes
mellitus, smoking (current or former and pack-years), dyslipidemia and family history of cardiovascular disease.
Blood pressure levels were evaluated as the mean of left
and right brachial artery measurements after at least 5 minutes of rest or (whenever possible) by 24-hour outpatient
blood pressure measurement. Hypertension was defined by
blood pressure >140/90 mmHg or use of antihypertensive
drugs. In cases when a calcium channel blocker was prescribed for secondary Raynaud phenomenon, we did not
rate this as antihypertensive drug use, except if arterial
hypertension was documented previously and the calcium
antagonist was given to treat hypertension and Raynaud
phenomenon at the same time. Dyslipidemia was defined
by elevated plasma cholesterol (>200 mg/dl for age 18 to
29 years; >220 mg/dl for age 30 to 40 years; >240 mg/dl for
age >40 years), plasma low-density lipoprotein cholesterol
(>160 mg/dl) and/or plasma triglyceride (>200 mg/dl)
levels, or use of lipid-lowering drugs such as HMG coinhibitors [28]. Plasma high-density lipoprotein cholesterol
levels were assessed as a protective vascular factor.
Assessment of potential nontraditional and
disease-related determinants for atherosclerosis

We evaluated the following nontraditional and diseaserelated determinants as potential risk factors associated
with accelerated atherosclerosis: in SLE patients, disease activity was assessed by the Systemic Lupus Erythematosus
Disease Activity Index score (SLEDAI) [29] and disease
damage was assessed by the Systemic Lupus International
Collaborating Clinics damage index score (SLICC) [30].
In SSc patients we evaluated the modified Rodnan skin
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score [31]. Organ involvement was recorded including
Raynaud phenomenon, pulmonary hypertension, coronary
heart disease and peripheral arterial vascular disease (defined by obstructive vessel disease with claudicatio intermittens). We also assessed family history of connective tissue
diseases, disease duration since diagnosis and age at
diagnosis.
Previous immunosuppressive treatment was determined,
such as use of prednisolone (duration of treatment, mean
daily dose in the last 5 years and cumulative dose), hydroxychloroquine (HCQ), azathioprine (AZA) and cyclophosphamide (CYP) (duration of treatment and cumulative
dose, if applicable). Sufficient data for duration of corticosteroid (CS) treatment were given in 96.8% of patients and
for cumulative CS dose in 92.4% of patients. For duration
of use and cumulative dose of HCQ, AZA and CYP, data
were adequate in 99.5%, 98.4% and 99.5% of patients,
respectively.
Routine laboratory assessment included C3c and C4c
as disease activity markers for SLE patients, as well as
C-reactive protein. Renal function was given by the
glomerular filtration rate (Mayo formula). For analysis
of the potential role of different autoantibodies, blood
samples of all patients were tested by standard immunofluorescence test using Hep2 cells for antinuclear antibodies and by enzyme-linked immunosorbent assay
(Euroimmune, Lübeck, Germany) for the following autoantibodies: double-stranded DNA (dsDNA), singlestranded DNA (ssDNA), Sm, C1q, SS-A, SS-B, U1RNP,
Pm-Scl, RNP, RIP-PP, nucleosomes, centromeres, Scl-70
and antiphospholipid antibodies (cardiolipin IgG and IgM,
β1-glycoprotein-1 IgG and IgM, lupus anticoagulans).
Follow-up assessment of cardiovascular events

Patients were followed up by routine clinical visits at the
Department of Dermatology, Venerology, and Allergology,
University of Bochum. To compare the predictive value of
pIMT, carotid and femoral artery plaques for CVEs, a review of patient records until December 2011 (5 years after
baseline of the last included patient) was performed. CVEs
were defined as coronary events (new angina pectoris or
myocardial infarct requiring treatment), cerebrovascular
events (transient ischemic attack or stroke), peripheral arterial vascular events (claudicatio intermittens, ischemic
pain due to embolization) or death related to cardiovascular disease.
Statistical methods
Baseline analysis of carotid and femoral artery
duplexsonography assessment and potential risk factors for
atherosclerosis (cross-sectional study)

Characteristics of SSc patients and SLE patients were described by univariate statistics. For comparison of mean
IMT between the CCA and the CFA, we used a paired
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Student t test. The McNemar test was used to compare
the frequency of carotid and femoral artery plaques. Different definitions of pathologic IMT were compared with
the presence of atherosclerotic plaque in the whole cohort
by descriptive statistics. Pearson correlation coefficients
and phi coefficients are reported for correlation of potential risk factors for atherosclerosis with CCA and CFA
IMT. For comparison of scale variables between patients
with and without atherosclerotic plaque we used a twosided Student t test, for non-normally distributed variables
we used the Mann–Whitney U test. For comparison of
categorical variables we used the chi-square test, or
Fisher’s exact test if conditions were not confirmed.
Additionally, to assess factors independently associated
with atherosclerosis, a multivariate linear regression analysis was performed for mean IMT of the CCA and the
CFA, and a binary logistic regression analysis was performed for atherosclerotic plaque. Covariates for regression analyses were selected based on clinical knowledge
and from potentially associated variables in explorative
baseline analysis; model building was performed taking
care of statistical considerations such as a suitable number
of events per variable and the number of observations (observations with missing values were excluded from analyses). Competing models fit to the same set of data were
compared using R2 measures (linear model), Nagelkerke’s
pseudo-R2 and a likelihood ratio test (logistic model). The
R2 value, constant, beta coefficients with 95% confidence
intervals (CIs) and standardized beta coefficients were
reported for the final chosen model of multivariate linear
regression analysis; pseudo-R2 value, constant, beta coefficients and odds ratios with 95% CIs were stated for the
final chosen model of binary logistic regression analysis.
The goodness-of-fit of the logistic model was evaluated by
Hosmer–Lemeshow test. To improve ease of interpretation of the continuous variables in the final logistic model
(age, nicotine pack-years, prednisolone intake and AZA
use), they were reported as 5-year increments.
Longitudinal analysis of cardiovascular events during the
follow-up period (retrospective cohort study)

The risk of CVEs during follow-up for patients with presence of carotid and femoral artery plaques was compared
with patients with only carotid or femoral artery plaque,
as well as with patients without atherosclerotic plaques reported as rate ratio estimates with 95% CIs based on the
incidence density rate (IDR; CVEs per person-years), using
the Kaplan–Meier method to graph and the log-rank test
to compare (unadjusted) survival curves for the time to
first CVE. Additionally, the Cox proportional-hazards regression model was used to estimate unadjusted and adjusted hazard ratios (HRs) with 95% CIs for possible risk
factors predictive of CVEs. Competing models were compared using the likelihood ratio test, and assumption of
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proportional hazards was confirmed by log-minus-log survival plots. Because the HR of patients with only carotid
or femoral artery plaque and of patients without atherosclerotic plaque was nearly one, the polytomous variable
for plaque (reported in Cox model 1) was dichotomized to
build a parsimonious final "best" model (reported in Cox
model 2). In the end, we built a Cox model using only the
information of plaques at the level of carotid arteries to estimate the adjusted hazard of patients with carotid plaque
in a hypothetical scenario in which screening of femoral
arteries was not performed.
Statistical analysis was performed using PASW Statistics,
Version 18 (SPSS Inc., Chicago, USA) and IBM SPSS Statistics, Version 21 (IBM, New York, USA).

Results
Comparison of baseline carotid and femoral artery
duplexsonography results in systemic sclerosis patients
Comparison of carotid and femoral artery intima-media
thickness in systemic sclerosis patients

IMT was highly correlated between left and right sides
at the level of the CCA (r = 0.880; P < 0.001) as well as
the CFA (r = 0.811; P < 0.001). The correlation between
IMT of the CCA and IMT of the CFA was much weaker
(r = 0.508; P < 0.001). There was no significant difference
between mean CCA IMT and CFA IMT (0.76 ± 0.15 mm
vs. 0.78 ± 0.18 mm; P = 0.170), or between left and right
CCA IMT (0.75 ± 0.15 mm vs. 0.75 ± 0.16 mm; P =
0.707) or left and right CFA IMT (0.78 ± 0.19 mm vs.
0.77 ± 0.19 mm; P = 0.398).
Comparison of carotid and femoral artery definitive
atherosclerosis (plaques) in systemic sclerosis patients

A total of 84 carotid artery plaques and 90 femoral artery
plaques were detected in 59 SSc patients. Thirty-five carotid
artery plaques were found in 27 patients (30%) on the left
side compared with 49 plaques in 36 patients (40%) on the
right side (P = 0.123). The distribution of carotid artery plaques according to the CCA, the region of the bulb, ICA
and ECA is shown in Figure 1. In 9 to 18 patients (10 to
20%) carotid plaques would not have been detected if carotid ultrasound examination was limited to one side.
Forty-three femoral artery plaques were found in 36 patients (40%) on the left side and 47 plaques in 39 patients
(43.3%) on the right side (P = 0.646). In 8 to 23 patients (8.9
to 25.6%) the plaques would have been missed if femoral
ultrasound examination was limited to one side. Twentysix patients (28.9%) had atherosclerotic plaques in only one
of the four vascular territories. The overall frequency of carotid and femoral artery plaques was not different (50% vs.
52.2%; P = 0.845), but the plaque distribution varied in individual patients: in 12 patients (13.3%), plaque was only located at the carotid arteries; in 14 patients (15.6%), plaque
was observed isolated at femoral arteries. In approximately
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Figure 1 Distribution of carotid artery plaques in our cohort of systemic sclerosis and systemic lupus erythematosus patients. Carotid
artery plaques are mostly located at the internal carotid artery (ICA) and the region of the bulb, and are rarely observed at the external carotid
artery (ECA) and the common carotid artery (CCA). An extension of carotid ultrasound examination distal to the CCA segment for plaque
assessment is highly recommended.

every sixth to seventh patient, atherosclerosis would not
have been detected if routine ultrasonography was limited
to the carotid arteries.
Comparison of different pathologic intima-media definitions
for common carotid artery with the presence of atherosclerotic plaque in systemic sclerosis patients

There was a high incongruity in the presence of atherosclerotic plaques and a thickened intima-media (pIMT), independent of the criteria used to define pIMT (Table 2).
IMT > 0.9 mm was detected in only 17 out of 59 SSc patients (28.9%) with atherosclerotic plaques. Moreover, according to the European definition as well as the German
definition, none of the patients without atherosclerotic plaques had a pathologic intima-media. Using the ARIC definition (taking note of individual difference in IMT according
to sex and increasing IMT with age), 19.4% of SSc patients
without atherosclerotic plaques had pIMT. Subgroup analysis revealed that about 80% of SSc patients with baseline
cardiovascular disease had atherosclerotic plaques, in contrast to one-third of patients with pIMT (Table 3).
Association of potential risk factors with intima-media
thickness and atherosclerotic plaques in systemic
sclerosis patients
Correlation of traditional cardiovascular risk factors and
disease-related factors with intima-media thickness in
systemic sclerosis patients

Correlations between common carotid and femoral artery IMT with traditional and nontraditional risk factors

for atherosclerosis are shown in Table 4 (and Additional
file 1). In multivariate analysis, age was independently
associated with IMT of the CCA and the CFA, whereas
male sex was associated with IMT of the CCA and the
CFA and decrease of renal function and smoking only
with IMT of the CFA (Table 5).
Association of traditional cardiovascular and
disease-related risk factors with presence of atherosclerotic
plaques in systemic sclerosis patients

Detailed results of univariate analysis are presented in
Table 6 (and Additional file 2). In multivariate analysis, age
and cumulative nicotine pack-years were significant independent predictors for atherosclerosis and also cumulative
prednisolone dose remained a statistically significant predictor of atherosclerotic plaques in SSc patients (Table 7).
Comparison of baseline carotid and femoral artery
duplexsonography results in SLE patients
Comparison of carotid and femoral artery intima-media
thickness in SLE patients

As shown above in SSc patients we also found in SLE patients a high correlation of IMT between left and right
sides at the level of the CCA (r = 0.792; P < 0.001) and the
CFA (r = 0.870; P < 0.001). Again the correlation between
IMT of the CCA and IMT of the CFA was much weaker
(r = 0.476; P < 0.001). There was no significant difference
between mean IMT of the CCA and the CFA (0.70 ±
0.13 mm vs. 0.71 ± 0.15 mm; P = 0.215), or between left
and right IMT of the CCA (0.70 ± 0.14 mm vs. 0.70 ±
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Table 2 Comparison of intima-media thickening with the presence of carotid or femoral atherosclerotic plaques
(whole cohort)
SSc and SLE patients with
and without plaque

European definition (pIMT > 0.9 mm) German definition (pIMT > 0.85/> 1.0 mm) ARIC definition (pIMT > P90)

SSc Without plaque (n = 31)
With plaque (n = 59)

0 (0%)

0 (0%)

6 (19.4%)

17 (28.9%)

3 (5.1%)

6 (10.3%)

0 (0%)

0 (0%)

3 (5.9%)

13 (26.5%)

7 (14.3%)

13 (26.5%)

SLE Without plaque (n = 51)
With plaque (n = 49)

Values presented as number of patients with pIMT (percentage).
pIMT, pathologic intima-media thickening; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.

0.13 mm; P = 0.812) or left and right IMT of the CFA
(0.72 ± 0.15 mm vs. 0.71 ± 0.15 mm; P = 0.225).
Comparison of carotid and femoral artery definitive
atherosclerosis (plaques) in SLE patients

In 49 SLE patients, a total of 89 carotid artery plaques and
69 femoral artery plaques were detected. Forty-seven carotid artery plaques were found in 31 patients on the left
side compared with 42 plaques in 33 patients on the right
side (31% vs. 33%, P = 0.789). The distribution of carotid
artery plaques according to the CCA, region of the bulb,
ICA and ECA is shown in Figure 1. In 6 to 8% of patients,
carotid plaques would have been not detected if carotid
ultrasound examination was limited to one side.
Thirty-four femoral artery plaques were found in 25 patients on the left side and 35 plaques in 30 patients on the
right side (25% vs. 30%, P = 0.301). In 5 to 12% of patients
the plaques would have been missed if femoral ultrasound
examination was limited to one side. Twenty-four patients
had atherosclerotic plaques in only one of the four vascular
territories. The overall frequency of carotid and femoral artery plaques was not different (39 vs. 35%, P = 0.541), but
plaque distribution varied in individual patients: in 14% of
patients, plaque was only located at the carotid arteries; in

10% of patients, plaque was observed isolated at femoral arteries. Thus, in one out of 10 patients atherosclerosis would
have been not detected if routine ultrasonography was limited to the carotid arteries.
Comparison of different pathologic intima-media definitions
for the common carotid artery with the presence of
atherosclerotic plaque in SLE patients

There was high incongruity in the presence of atherosclerotic plaques and a pathologic thickened intima-media, independent of the criteria used to define pIMT. IMT >
0.9 mm was detected in only 13 out of 49 SLE patients
(26.5%) with atherosclerotic plaques. Moreover, according
to the European definition as well as the German definition, none of the patients without atherosclerotic plaques
had a pathologic intima-media. Using the ARIC definition
(taking note of individual difference in IMT according to
sex and increasing IMT with age), 5.9% of SLE patients
without atherosclerotic plaques had a pIMT. Subgroup
analysis revealed that all SLE patients with baseline coronary heart disease, pulmonary hypertension and/or peripheral vascular disease have had atherosclerotic plaques, but
in contrast only one out of two or three patients had a
thickened intima media (Table 2).

Table 3 Subgroup analysis of intima-media thickening and atherosclerotic plaques in systemic sclerosis and systemic
lupus erythematosus patients with cardiovascular disease
Subgroup of SSc and
SLE patients with
cardiovascular disease
SSc patients Arterial hypertension (n = 45)
with
Pulmonary hypertension (n = 17)

Pathologic IMT
(any definition)

Atherosclerotic plaque
Carotid and/or
Only carotid Only femoral Coexistent carotid and
femoral artery plaque artery plaque artery plaque femoral artery plaque

16 (35.6%)

38 (84.4%)

7 (15.6%)

5 (11.1%)

26 (57.8%)

6 (35.3%)

15 (88.2%)

0 (0%)

2 (11.8%)

13 (76.5%)

Coronary heart disease (n = 10)

2 (20%)

8 (80%)

0 (0%)

0 (0%)

8 (80%)

Peripheral artery vessel
disease (n = 5)

2 (40%)

4 (80%)

1 (20%)

1 (20%)

2 (40%)

15 (26.8%)

39 (69.6%)

10 (17.9%)

9 (16.1%)

20 (35.7%)

1 (33.3%)

3 (100%)

1 (33.3%)

1 (33.3%)

1 (33.3%)

5 (55.6%)

9 (100%)

1 (11.1%)

0 (0%)

8 (88.9%)

1 (50%)

2 (100%)

0 (0%)

0 (0%)

2 (100%)

SLE patients Arterial hypertension (n = 56)
with
Pulmonary hypertension (n = 3)
Coronary heart disease (n = 9)
Peripheral artery vessel
disease (n = 2)

Values presented as number (percentage) of patients with pathologic intima-media thickness and carotid or femoral artery plaque.
IMT, intima-media thickness; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
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Table 4 Correlation of carotid and femoral artery intima-media thickness with traditional and nontraditional risk
factors for atherosclerosisa
Variable

SSc (n = 90)
Mean CCA IMT
Correlation

SLE (n = 100)
Mean CFA IMT

P value

Correlation

Mean CCA IMT

P value

Correlation

Mean CFA IMT

P value

Correlation

P value

Age (years)

r = 0.682

<0.001

r = 0.565

<0.001

r = 0.726

<0.001

r = 0.560

<0.001

Age at diagnosis (years)

r = 0.652

<0.001

r = 0.586

<0.001

r = 0.670

<0.001

r = 0.437

<0.001

Disease duration (months)

r = −0.030

0.782

r = −0.109

0.308

r = 0.094

0.357

r = 0.217

0.032

Male sex

rφ = 0.261

0.013

rφ =0.341

0.001

rφ = 0.268

0.007

rφ = 0.208

0.039

Postmenopausal status

r = 0.546

0.001

r = 0.375

0.001

r = 0.400

<0.001

r = 0.373

<0.001

Body mass index

r = 0.128

0.241

r = 0.197

0.070

r = 0.258

0.012

r = 0.294

0.004

Systolic blood pressure (mmHg)

r = 0.303

0.007

r = 0.332

0.003

r = 0.346

0.001

r = 0.171

0.124

Glomerular filtration rate

r = −0.316

0.003

r = −0.489

<0.001

r = −0.296

0.003

r = −0.277

0.006

Nicotine pack-years

r = 0.022

0.839

r = 0.320

0.002

r = 0.082

0.424

r = −0.058

0.570

Coronary heart disease

rφ = 0.160

0.133

rφ = 0.379

<0.001

rφ = 0.265

0.008

rφ = 0.160

0.115

r = 0.225

0.036

r = −0.021

0.843

–

–

–

–

SCL70 antibody

rφ = −0.117

0.270

rφ = −0.209

0.048

–

–

–

–

Centromere antibody

rφ = 0.165

0.119

rφ = 0.255

0.015

–

–

–

–

–

–

–

–

r = −0.166

0.115

r = −0.057

0.591

mRSS

SLEDAI
SLICC

–

–

–

–

r = 0.208

0.049

r = 0.117

0.271

dsDNA antibody

–

–

–

–

rφ = −0.188

0.063

rφ = −0.197

0.051

Nucleosomes antibody

–

–

–

–

rφ = −0.231

0.021

rφ = −0.123

0.224

CCA, common carotid artery; CFA, common femoral artery; dsDNA, double-stranded DNA; IMT, intima-media thickness; mRSS, modified Rodnan Skin Score; SLE, systemic lupus
erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics damage index; SSc, systemic sclerosis.
a
Only variables suggested for multivariate linear regression analysis are reported; complete report available in Additional file 1.

Association of potential risk factors with intima-media
thickness and atherosclerotic plaques in SLE patients
Correlation of traditional cardiovascular risk factors and diseaserelated factors with intima-media thickness in SLE patients

simple linear regression. Thus, instead of a multivariate linear regression model we reported the result of the simple
linear regression (Table 5).

Correlations between common carotid and femoral artery
IMT with traditional and nontraditional risk factors for atherosclerosis are shown in Table 4 (and Additional file 1). In
multivariate analysis, no variable other than age was independently associated with IMT of the CCA or CFA in SLE
patients and multivariate models performed no better than

Association of traditional cardiovascular and
disease-related risk factors with the presence of
atherosclerotic plaques in SLE patients

Detailed results of univariate analysis are presented in
Table 6 (and Additional file 2). Interestingly, in multivariate logistic regression analysis, beside the traditional

Table 5 Linear regression analysis of factors associated with carotid and femoral artery intima-media thickness in
systemic sclerosis and systemic lupus erythematosus patients
Variable

Mean CCA IMT

Mean CFA IMT

Standardized beta Regression coefficient P value Standardized beta Regression coefficient P value
coefficient
(95% CI)
coefficient
(95% CI)
Systemic sclerosisa

(Constant 0.349; R2 = 50.5%)

(Constant 0.762; R2 = 49.9%)

Age (per year)

0.664

0.007 (0.005 to 0.008)

<0.001

Male sex

0.336

0.004 (0.002 to 0.007)

0.003

0.202

0.088 (0.022 to 0.153)

0.012

0.245

0.138 (0.025 to 0.251)

0.018

Glomerular filtration rate (per unit)

–

–

–

−0.302

−0.003 (0.000 to 0.004)

0.005

Nicotine use (per pack-year)

–

–

–

0.198

0.002 (0.000 to 0.004)

0.046

Systemic lupus erythematosusb
Age (per year)

(Constant 0.392; R2 = 52.7%)
0.726

0.006 (0.005 to 0.008)

(Constant 0.452; R2 = 31.3%)
<0.001

0.560

0.005 (0.004 to 0.007)

<0.001

CCA, common carotid artery; CFA, common femoral artery; CI, confidence interval; IMT, intima-media thickness.
a
Multivariate linear regression model for mean CCA IMT and CFA IMT of systemic sclerosis patients. bSimple linear regression model, other additional variables in
multivariate analysis did not significantly improve the model for both mean CCA IMT and CFA IMT of systemic lupus erythematosus patients.
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cardiovascular risk factors of age and cumulative nicotine
pack-years, the duration of AZA use also seemed to be
independently associated with presence of atherosclerotic
plaque. Out of the autoantibodies, only ssDNA but not
dsDNA, nucleosomes or RNP antibodies stayed in the final
"best" model, and presence of ssDNA autoantibodies was independently associated with the absence of atherosclerotic
plaques (Table 7).
Longitudinal analysis of cardiovascular events during
follow-up in SSc and SLE patients

Overall, follow-up data of CVEs were available for 78/90
(87%) SSc patients and 51/100 (51%) SLE patients. During
the observational period of in a total 650.1 person-years
(mean 60.5 months, median 65.5 months, range 8 to
82 months), 24 CVEs were recorded in 19 out of 129 patients (15%): 13 events in 11/78 (14%) SSc patients (coronary
events, n = 7; peripheral arterial vascular events, n = 3; death
related to cardiovascular disease, n = 3) and 11 CVEs in
8/51 (16%) SLE patients (coronary events, n = 5; cerebrovascular events, n = 3; peripheral arterial vascular events, n = 3).

The incidence of CVEs was 13 per 388.5 person-years (IDR
= 3.35 per 100 person-years) in SSc patients and 11 per
261.6 person-years (IDR = 4.2 per 100 person-years) in SLE
patients. Six patients (five SSc and one SLE) died due to
other causes (one after stem cell transplantation, one severe
pneumonia, one lung embolism, one breast cell cancer, one
suicide, one unknown cause).
According to pathologic IMT of the CCA, only 7/19
(36.8%) patients with CVEs had pIMT according to the
European definition (>0.9 mm), only 4/19 (21.1%) patients
would meet the ARIC definition, and merely 2/19 (10.5%)
patients the German definition of pathologic IMT.
According to the presence of plaque, CVEs were distributed as follows: 18 CVEs were observed within 183.75
person-years of follow-up (IDR = 9.8 per 100 person-years)
in 15 out of 40 patients (37.5%) that had both carotid and
femoral artery plaques; three CVEs per 200.6 person-years
(IDR = 1.5 per 100 person-years) occurred in 2/37 (5.4%)
patients that had only carotid (1/19, 5.2%) or only femoral
artery plaques (1/18, 5.6%); and three CVEs per 265.75
person-years (IDR = 1.1 per 100 person-years) in 2/52

Table 6 Explorative baseline analysis of potential risk factors between patients with or without atherosclerotic plaquesa
Characteristic

SSc (n = 90)
With plaque

Without plaque

(n = 59)

(n = 31)

Age (years)

63.9 ± 12.0

45.9 ± 10.9

Male sex

10 (16.9%)

2 (6.5%)

Postmenopausal status, women only

SLE (n = 100)
With plaque

Without plaque

(n = 49)

(n = 51)

<0.001

57.7 ± 10.6

39.0 ± 13.0

<0.001

0.206

11 (22.4%)

2 (3.9%)

0.007

P value

P value

44/49 (89.8%)

12/29 (41.4%)

<0.001

31/38 (81.6%)

16/49 (32.7%)

<0.001

Hypertension

38 (64.4%)

7 (22.6%)

<0.001

39 (79.6%)

17 (33.3%)

<0.001

Nicotine pack-years

13.9 ± 22.5

4.1 ± 7.8

0.003

14.7 ± 20.6

6.2 ± 8.9

0.009

Dyslipidemia

30 (50.8%)

7 (22.6%)

0.010

24 (49%)

15 (29.4%)

0.045

Age at diagnosis (years)

56.0 ± 14.3

38.7 ± 10.9

<0.001

50.8 ± 14.4

33.4 ± 11.4

<0.001

Pulmonary hypertension

15 (25.4%)

2 (6.5%)

0.045

3 (6.1%)

0 (0%)

0.114

Coronary heart disease

8 (13.6%)

2 (6.5%)

0.484

9 (18.4%)

0 (0%)

0.001

Glomerular filtration rate

85.1 ± 19.7

101.3 ± 13.4

<0.001

89.0 ± 23.1

100.6 ± 24.3

0.019

SCL70

12 (20.3%)

14 (45.2%)

0.014

–

–

–

Centromere

28 (47.5%)

8 (25.8%)

0.046

–

–

–

–

–

–

10 (20.4%)

19 (37.3%)

0.063

Autoantibodies

ssDNA
dsDNA

–

–

–

11 (22.4%)

27 (52.9%)

0.002

Nucleosomes

–

–

–

7 (14.3%)

15 (29.4%)

0.068

RNP

–

–

–

4 (8.2%)

11 (21.6%)

0.092

Duration of CS use (months)

37.2 ± 61.6

13.1 ± 29.8

0.016

25.1 ± 41.8

25.4 ± 57.0

0.978

Cumulative CS dose (g)

8.0 ± 14.8

2.7 ± 7.5

0.030

7.5 ± 16.9

4.8 ± 8.3

0.335

Immunosuppressive treatment:

Duration of AZA use (months)

10.0 ± 29.6

7.9 ± 27.7

0.747

21.8 ± 50.5

7.7 ± 25.2

0.086

Cumulative AZA dose (g)

29.4 ± 83.0

23.7 ± 83.0

0.763

83.9 ± 244.6

25.1 ± 79.6

0.115

Values presented as number of patients (percentage) or mean ± standard deviation.
AZA, azathioprine; CS, corticosteroid; dsDNA, double-stranded DNA; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; ssDNA, single-stranded DNA.
a
Only variables suggested for logistic regression analysis are reported; complete report available in Additional file 2.
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Table 7 Multivariate logistic regression analysis of predictors of atherosclerotic plaque in systemic sclerosis and
systemic lupus erythematosus patients
Variable

Beta coefficient

Odds ratio (95% CI)

P value

Age (per 5 years)

0.904

2.47 (1.61 to 3.78)

<0.001

Nicotine use (per 5 pack-years)

0.554

1.74 (1.13 to 2.68)

0.012

Prednisolone intake (per 5 mg/day over 5 years)

0.940

2.56 (1.09 to 6.04)

0.032

Systemic sclerosis (n = 85)a

Systemic lupus erythematosus (n = 98)

b

Age (per 5 years)

0.824

2.28 (1.61 to 3.22)

<0.001

Nicotine use (per 5 pack-years)

0.313

1.37 (1.05 to 1.78)

0.021

ssDNA antibody positive

−1.613

0.20 (0.05 to 0.83)

0.026

Duration of azathioprine use (per 5 years)

0.947

2.58 (0.93 to 7.13)

0.068

CI, confidence interval; ssDNA, single-stranded DNA.
a
Five observations excluded from model because of missing values. Events per variable: 27/3 = 9. Constant = −10.435. Nagelkerke R2 = 65.6%. Hosmer–Lemeshow
test P = 0.147. bTwo observations excluded from model because of missing values. Events per variable: 49/4 = 12.25. Constant = −8.507. Nagelkerke R2 = 65.2%.
Hosmer–Lemeshow test P = 0.914.

cardiovascular events per 100 person-years of follow-up

patients (3.8%) that had neither carotid nor femoral artery
plaques. The incidence rate of CVEs during follow-up was
thus significantly higher in patients with carotid and
femoral artery plaque compared with patients with only
carotid or only femoral artery plaque (rate ratio = 6.55,
95% CI = 1.9 to 22.2, P = 0.003) or compared with patients without atherosclerotic plaque (rate ratio = 8.68,
95% CI = 2.6 to 29.5, P < 0.001) (Figure 2). Patients with
only carotid plaque or only femoral plaque were not at

higher risk compared with patients without plaque (rate
ratio = 1.32, 95% CI = 0.3 to 6.6, P = 0.731).
Analysis of time to first CVE revealed that SSc and SLE
patients with coexistent carotid and femoral artery plaque
are at higher risk (Figure 3A,B). Results from univariate
analysis of potential predictors of CVEs during follow-up in
SSc and SLE patients are presented in Table 8.
In multivariate Cox regression analysis (model 1), the coexistent presence of carotid and femoral artery plaque was

15

RR 8.68
95%CI 2.8-26.9
p < 0.001

RR 6.55
95%CI 2.1-20.3
p < 0.001
9.8

10

(18 events / 183.75 py)

5

1.5
(3 events / 200.6 py)

1.1
(3 events / 265.75 py)

0
carotid and femoral
artery plaque

only carotid or only
femoral artery plaque

no carotid or femoral
artery plaque

classification of patients according to the distribution of plaque

Figure 2 Incidence and rate ratios of cardiovascular events during follow-up according to the presence of plaque. Incidence of
cardiovascular events per 100 person-years (py) during follow-up available for 129/190 (67.9%) patients (650 person-years, mean 60.5 months,
median 65.5 months, range 8 to 82 months) according to the presence of carotid and femoral artery plaque. The rate ratio (RR) was approximately 6.5
for patients with carotid and femoral artery plaque in contrast to patients with only one vascular segment affected and was 8.7 compared with patients
without plaque. CI, confidence interval.
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A

B
group by presence of plaque

1,0

0,8

0,7

0,6

0,5

0,4

log-rank test p<0.001

0,3

0,2

group 1: no plaque
group 2: only carotid or
only femoral artery plaque
group 3: carotid and
femoral artery plaque
censored group 1
censored group 2
censored group 3

0,9

Probability of event-free survival

0,9

Probability of event-free survival

group by presence of plaque

1,0

group 1: no plaque
group 2: only carotid or
only femoral artery plaque
group 3: carotid and
femoral artery plaque
censored group 1
censored group 2
censored group 3

0,1

0,8

0,7

0,6

0,5

0,4

log-rank test p<0.001

0,3

0,2

0,1

only SSc patients

0,0
0

12

24

only SLE patients

0,0
36

48

60

72

84

0

Time to first cardiovascular event (months)

12

24

36

48

60

72

84

Time to first cardiovascular event (months)

Figure 3 Kaplan–Meier survival curves for the time to first cardiovascular event according to the presence of plaque. Kaplan–Meier
survival curves for the time to first cardiovascular event during follow-up and results of a log-rank test stratified by (A) systemic sclerosis (SSc) and
(B) systemic lupus erythematosus (SLE) according to the presence of carotid and femoral artery plaques. Group 1, patients without carotid or femoral
artery plaque; group 2, patients with only carotid or only femoral artery plaque; group 3, patients with coexistent carotid and femoral artery plaque.

predictive for CVEs during follow-up compared with
patients without plaque (adjusted HR = 6.13, 95% CI = 1.27
to 29.53, P = 0.024) whereas it was not for patients with only
one vascular segment affected compared with patients without plaque (adjusted HR = 1.10, 95% CI = 0.13 to 9.08,
P = 0.932). If patients with coexistent carotid and femoral
artery plaque were compared with patients with only one
vascular segment affected, the adjusted HR was 5.59 (95%
CI = 0.86 to 36.16, P = 0.071). After dichotomization of
the variable to improve the Cox regression analysis
(model 2), the adjusted HR for CVEs in patients with

coexistent carotid and femoral plaques was 5.92 (95%
CI = 1.55 to 22.67, P = 0.009) compared with other
patients (with only carotid plaque, only femoral plaque
or without plaque). Additionally, baseline coronary
heart disease (adjusted HR = 10.19, 95% CI = 3.04 to
34.17, P < 0.001) and male sex (adjusted HR = 8.78, 95%
CI = 2.73 to 28.19, P < 0.001) were independently associated with incident CVEs whereas arterial hypertension,
age, age at diagnosis and nicotine pack-years were associated only in univariate analysis but not multivariate
analysis (Table 9).

Table 8 Explorative analysis of potential predictors of cardiovascular events during follow-up in systemic sclerosis and
systemic lupus erythematosus patientsa
SSc and SLE (n = 129)
Variable

Beta coefficient

Unadjusted hazard ratio (95% CI)

P value

SSc versus SLE

−0.173

0.84 (0.33 to 2.10)

0.712

Age (per 5 years)

0.262

1.30 (1.10 to 1.54)

0.003

Male sex

2.833

17.00 (5.99 to 48.22)

<0.001

Carotid and femoral artery plaque
Group 3 (CP and FP) versus group 1 (no plaque)

2.595

13.40 (2.99 to 59.95)

<0.001

Group 3 (CP and FP) versus group 2 (CP or FP)

2.672

14.47 (2.51 to 83.55)

0.003

Group 2 (CP or FP) versus group 1 (no plaque)

−0.077

0.93 (0.12 to 7.39)

0.942

Arterial hypertension

1.678

5.35 (1.91 to 15.02)

<0.001

Nicotine use (per 5 pack-years)

0.143

1.15 (1.04 to 1.28)

0.005

Coronary heart disease

2.592

13.36 (4.67 to 38.20)

<0.001

Age at diagnosis (per 5 years)

0.075

1.20 (1.04 to 1.39)

0.014

C-reactive protein (per mg/dl)

0.220

1.25 (0.98 to 1.59)

0.079

CI, confidence interval; CP, carotid artery plaque; FP, femoral artery plaque; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
a
Only variables suggested for multivariate Cox regression analysis are reported; complete report available in Additional file 3.
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Table 9 Multivariate Cox regression analysis of predictors of incident cardiovascular events during follow-up in
systemic sclerosis and systemic lupus erythematosus patients
Variable

Beta coefficient

Adjusted hazard ratio (95% CI)

P value

Coronary heart disease

2.326

10.24 (3.04 to 34.55)

<0.001

Male sex

2.172

8.78 (2.73 to 28.19)

<0.001

Group 3 (CP and FP) versus group 1 (no plaque)

1.812

6.13 (1.27 to 29.53)

0.024

Group 2 (CP or FP) versus group 1 (no plaque)

0.092

1.10 (0.13 to 9.08)

0.932

Coronary heart disease

2.322

10.19 (3.04 to 34.17)

<0.001

Male sex

2.172

8.78 (2.73 to 28.19)

<0.001

1.778

5.92 (1.55 to 22.67)

0.009

Cox model 1 – SSc and SLE (n = 129)a

Carotid and femoral artery plaque

Cox model 2 – SSc and SLE (n = 129)b

Carotid and femoral artery plaque
Group 3 (CP and FP) versus all other (CP or FP or no plaque)

Group 1, patients without carotid or femoral artery plaque; group 2, patients with only carotid or only femoral artery plaque; group 3, patients with coexistent
carotid and femoral artery plaque. CI, confidence interval; CP, carotid artery plaque; FP, femoral artery plaque; SLE, systemic lupus erythematosus; SSC, systemic
sclerosis. aZero observations excluded from model because of missing values. Events per variable: 19/4 = 4.75. bZero observations excluded from model because
of missing values. Events per variable: 19/3 = 6.33.

Discussion
Intima-media thickness as surrogate marker of
atherosclerosis in the general population

Measurement of intima-media thickening in the CCA is
a widespread accepted surrogate marker for subclinical
atherosclerosis [32,33], although the clinical importance for
the individual patient was recently challenged in the general
population [34,35]. Although the assessment of both IMT
and atherosclerotic plaques is recommended for epidemiological trials studying cardiovascular disease, it is important
to keep in mind that IMT not only represents subclinical
atherosclerosis but is also influenced by nonatherosclerotic
remodeling [27]. Presence of plaque is of overriding importance in reflecting cardiovascular risk [36,37].
What is the rationale to determine a fixed definition of
pathological increased intima-media thickness?

Although the term pathologic IMT is widely used, it is not
well defined. According to the guidelines of the European
Society of Cardiology, pIMT is defined as a focal IMT
>0.9 mm, regardless of gender [24]. Different cutoff values
were reported in several studies, ranging between IMT
≥1.0 mm and ≥1.18 mm for prediction of CVEs [38-40].
However, a fixed definition does not take regard of an increase in IMT with older age and differences between
men and women, which is well documented in large studies [26]. For the German population only one small study
reports reference values with respect to age and gender for
pIMT: a cIMT > 1.0 mm in men 40 to 70 years old, cIMT >
0.85 mm in women 40 to 54 years old and cIMT > 1.0 mm
in women 55 to 70 years old were defined as pIMT [25].
In SLE patients, Thompson and colleagues evaluated a
mean IMT progression rate of 0.011 mm/year, which was
comparable with the IMT progression rate in controls [4].

These rates also seem comparable with the rate of mean
IMT progression in healthy controls evaluated in the large
ARIC study of approximately 0.01 mm/year [26]. In our cohort, with respect to the results of baseline linear regression
analysis, carotid IMT increased slightly less with 0.007 mm
and 0.006 mm per age year in SSc and SLE patients, respectively. For that reason, in addition to the fix definition
of pIMT given by the European Society of Cardiology [24],
we also used an age-adjusted and sex-adjusted definition of
pIMT for the German population [25], and calculated an
"ARIC definition" for pIMT, defined by the 90th percentile
of a large cohort from the ARIC study [26].
Is carotid intima-media thickness measurement a useful
parameter for atherosclerosis assessment in SSc and
SLE patients?

Previous studies in SSc and SLE patients showed a
marked heterogeneity in IMT results, raising the question
of whether IMT measurement is generally useful in these
disease entities. Two recent meta-analyses reported a moderate statistically significant increased IMT in SSc and SLE
patients compared with healthy controls [1,2]. However, the
clinical relevance of these findings is questionable because
the "thickened" IMT of SSc and SLE patients seems to be
within the range of normal values, and the mean IMT of
controls was surprisingly low in some studies (and none
of these studies analyzed the predictive value for CVEs).
Moreover, most of the included studies in these metaanalyses primarily searched for a difference in IMT in the
CCA, but atherosclerotic plaques at the bulb, ICA and
ECA were not evaluated. Additionally, it is unclear whether
other studies were not published because they also primarily focused on cIMT without looking for plaques and found
no difference in cIMT (publication bias).
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In our study we were able to show in both SSc and SLE
patients that atherosclerotic plaques frequently occur
without a thickened intima-media, regardless of how the
definition of pIMT was applied. Our observed frequency
of atherosclerotic plaques is consistent with studies of
larger patient cohorts in SSc [10,12,15] and SLE [3-5].
The currently largest case–control study in 111 SSc patients by Nordin and colleagues reported a 48% frequency
of plaques in patients compared with 41% in controls [10],
but the prevalence of atherosclerotic plaques in SSc might
have been underestimated when ultrasound examination
did not include the ICA and ECA and by application of an
unusual definition of plaque as IMT >1 mm and 100%
increase of IMT compared with the adjacent wall. In contrast, Lukjanowicz and colleagues reported an increased
frequency of atherosclerotic plaques in 25 of 62 SSc
patients (40.3%) compared with no plaques in 30 healthy
controls, also without any signs of intima-media thickening
in SSc patients, which supports our observations (results
published as abstract, details of ultrasound examination are
unknown) [11,12].
In SLE patients, Roman and colleagues (n = 197) [3],
Thompson and colleagues (n = 217) [4] and Anania and
colleagues (n = 114) [5] reported a frequency of 37 to 43%
carotid artery plaques compared with 15 to 30% in healthy
controls, and found no difference [4,5] or even a lower
cIMT [3] in SLE patients. In large studies without comparison with healthy controls, Manzi and colleagues (n = 175)
[41] and Kao and colleagues (n = 392) [20] have observed
carotid plaques in 30 to 40% of SLE patients.
Carotid atherosclerosis is thus frequent and may have
been previously underestimated in both connective tissue
diseases, when only cIMT was measured. An extension of
carotid ultrasound examination distal to the CCA segment
for plaque assessment is highly recommended, because
the majority of plaques are localized distant to the CCA
(only ~5% of plaques) at the region of the bulb (~40%),
ICA (~45%) and ECA (~10%). Additionally, the use of a
common definition of atherosclerotic plaque would be
desirable to achieve comparable results between further
studies [27].

Is carotid intima-media thickness measurement a useful
parameter for prediction of cardiovascular events in SSc
and SLE patients?

In general, the discrepancy between manifest atherosclerotic plaques and the absence of intima-media thickening
raises the question of whether IMT measurement is useful
in clinical routine care of SSc and SLE patients. With respect to clinically relevant atherosclerosis (that is, predictive of CVEs), IMT measurement was not as useful as
detection of plaques for predicting CVEs in our cohort.
Even if patients with incident CVEs have a higher baseline
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cIMT, as observed in a one large cohort of SLE patients
(0.80 vs. 0.64 mm) [20], they would not have been identified as at risk of CVEs in routine clinical care if this increase does not fulfill the definition of pathologic IMT.
Moreover, in accordance with our results, this large cohort
study by Kao and colleagues in SLE patients revealed that
assessment of plaques is more important than measurement of IMT for risk prediction of incident CVEs (HR
4.26 vs. 1.35, respectively). In SSc patients, large cohort
studies of CVEs including atherosclerotic plaque assessment are lacking. Our data suggest that in SSc patients the
detection of atherosclerotic plaques but not IMT is of clinical relevance in predicting CVEs as well.
Is additive femoral artery sonography useful to evaluate
atherosclerosis and to identify SSc and SLE patients at
risk of cardiovascular events?

Our results of plaque localization, representing differences
between left and right sides as well as carotid and femoral
artery plaque presence, underline the results of Belcaro
and colleagues [16], who showed the necessity of bilateral
carotid and femoral artery examination to estimate the
presence of atherosclerosis accurately (in accordance with
carotid arteries, the evaluation of atherosclerotic plaques
seems to be more useful than the evaluation of IMT in
femoral arteries). Furthermore, in concordance with the
results of Belcaro and colleagues [16], the combined assessment of carotid and femoral artery plaques predicted
significantly more CVEs during follow-up than the measurement of only one vascular segment. With respect to
confounder-adjusted hazards, patients with coexistent carotid and femoral artery plaque had an approximate HR of
6 in contrast to patients with only carotid or only femoral
artery plaque as well as in contrast to patients without
plaque. In comparison, Kao and colleagues observed a HR
of 4.3 for carotid plaque predictive of "hard" CVEs in SLE
patients [20] but did not assess the femoral arteries. In our
cohort of SSc and SLE patients, if we did not account for
coexistent femoral artery atherosclerosis, we would have estimated a confounder-adjusted HR of 3.5 for carotid plaque
predictive of CVEs (data shown in Additional file 3). The
risk of CVEs by presence of carotid artery plaque would
thus have been overestimated in patients without plaque
and underestimated in patients with unknown coexistence
of femoral artery plaque. Taken together, additional screening of the femoral artery is very useful to identify SSc and
SLE patients at high risk.
Association of atherosclerosis with traditional and
nontraditional cardiovascular risk factors, immunosuppressive
medications and SSc and SLE specific variables

In SLE, previous studies have reported several traditional
cardiovascular risk factors such as age, male sex, arterial
hypertension, obesity, dyslipidemia and family history, but
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also disease-related factors such as disease duration, disease
activity, damage score, renal involvement and prednisolone
use to be associated with atherosclerosis [3,4,42-53]. There
is still a controversial debate as to whether accelerated atherosclerosis is or is not a feature of SSc [8,9]. However, in
studies indicating a higher prevalence of atherosclerosis in
SSc, an association with age, arterial hypertension, triglyceride levels, smoking, disease duration and cumulative
CS dosage was observed [10,54,55]. In our cohort in univariate analysis, age, male gender, postmenopausal status
in women, arterial hypertension, dyslipidemia and nicotine
pack-years were associated with atherosclerotic plaques.
Moreover, the presence of plaque was associated with a
higher age at diagnosis, but not with disease duration in
both patient groups. There was no association with
illness-specific activity and damage scores such as the
Systemic Lupus Erythematosus Disease Activity Index and
the Systemic Lupus International Collaborating Clinics
damage index in SLE, or the modified Rodnan Skin Score
in SSc patients. Notably, age was the strongest factor associated with CCA and CFA IMT. Furthermore, postmenopausal status correlated with CCA IMT, and nicotine
pack-years with CFA IMT, whereas other cardiovascular
risk or disease-related factors did not. In multiple logistic
regression analysis, age and nicotine pack-years were independently associated with atherosclerotic plaque occurrence over all patients. Additionally, in SSc patients the
cumulative prednisolone dose was associated with atherosclerotic plaque, supporting the idea that prednisone use
may be a deteriorating factor for atherosclerosis in SSc
[55]. In SLE patients, corticosteroids have shown to increase cardiovascular risk factors such as arterial hypertension and body weight, whereas HCQ leads to a
decrease of serum cholesterol levels [56]. Moreover, CYP,
HCQ and CS use seem to be associated with a lower frequency of atherosclerotic plaque in SLE patients [49].
However, in our smaller cohort we found no significant
differences in CYP, HCQ or CS medication between SLE
patients with or without atherosclerotic plaque.
Interestingly, in multivariate analysis AZA use seemed
to be associated with atherosclerotic plaques in SLE
patients. AZA was recently found to be associated with an
increased cIMT in pediatric SLE patients [47] and with
vascular events in adult SLE patients [57]. Because of the
limited number of SLE patients available for follow-up
analysis in our cohort we were not able to analyze AZA as
contributing risk factor for CVEs.
Association of autoantibodies with atherosclerosis in SSc
and SLE

High titers of antinuclear antibodies were found to be associated with coronary atherosclerosis [58]. In our cohort,
current or former ANA were not associated with IMT, and
neither were with the presence of atherosclerotic plaque.
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Antiphospholipid antibodies are supposed to activate endothelial cells and are hence suspected to accelerate the atherosclerosis process [59], and different other autoantibodies
were reported to correlate with cardiovascular disease in
SLE. Roman and colleagues found anti-Sm, anti-RNP and
anticardiolipin antibodies significantly more often in SLE
patients without compared with those with carotid artery
plaque [49]. Similarly, other studies reported that Sm antibodies may have cardioprotective effects and were less
often observed in SLE patients with coronary atherosclerosis or carotid artery plaque [52,60]. In our cohort, we
found no difference in atherosclerotic plaque frequency
between SLE patients with or without anti-Sm or anticardiolipin antibodies. Recently, dsDNA antibodies were
suggested to contribute to noncalcified coronary plaque
[44]. In contrast, in our cohort dsDNA antibodies were
found less frequently in patients with atherosclerotic plaques in univariate analysis, but were not confirmed in
multivariate analysis (which can be explained by the fact
that dsDNA antibodies occurred more often in older SLE
patients in our cohort). Surprisingly, in multivariate analysis absence of the less disease-specific ssDNA antibodies
did qualify as a statistically significant independent predictor for atherosclerotic plaque in SLE patients. We found
no confounder that can explain this unexpected finding;
this observation may be verified in further studies.
Atherosclerosis was found more often in anti-centromere
antibody-positive SSc patients [10], and coronary artery
calcification less often in anti-SCL70 antibody-positive SSc
patients [61]. Coronary flow reserve was reported to be
lower in diffuse cutaneous SSc patients [62], perhaps due to
microvascular involvement rather than atherosclerosis [8].
In SSc patients of our cohort, atherosclerosis was also
found more often in the limited than diffuse cutaneous
subtype, hence centromere antibody was found more often
and SCL70 antibody less often in patients with atherosclerotic plaque. However, these findings in our cohort were due
to the older age of patients with centromere antibodies
compared with patients with Scl-70 antibodies; after adjustment for age there was no statistically significant difference
(data not shown).

Limitations of the study

Whether the number of patients with plaque from the SSc
and SLE patients was high enough to build two separate
logistic regression models with a suitable number of events
per variable, it was not for Cox regression and the analysis
of both diseases was combined to ensure at least five
patients with CVEs per variable [63,64]. We are confident
that this combined analysis was feasible because we did not
observe a significant difference in the frequency or distribution of atherosclerotic plaque nor in the incidence of CVEs
between SSc and SLE patients. However, we were not able
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to differentiate potential risk factors for CVEs between SSc
and SLE patients.
The higher follow-up rate of SSc patients (87%) than
SLE patients (51%) might be explained by the inclusion
of SSc patients in the German network for SSc. Because
the loss of follow-up in SLE patients (49%) could have
biased our findings, we analyzed whether risk factors for
CVEs were more or less prevalent in SLE patients without follow-up: SLE patients available for follow-up analysis had at baseline a slightly shorter disease duration
(mean 5 years vs. 6 years), no difference in SLICC damage index score (median 2 vs. 2) and a slightly higher
SLEDAI (median 12 vs. 8) compared with patients without follow-up. Baseline coronary heart disease was
prevalent in 3/51 (5.9%) SLE patients available versus 6/
49 (12.2%) SLE patients nonavailable for follow-up, male
sex in 4/51 (7.8%) versus 9/49 (18.4%) and coexistence
of carotid and femoral artery plaques in 12/51 (23.5%)
versus 13/49 (26.5%) patients, respectively. SLE patients
without follow-up were thus most probably at a slightly
higher risk for CVEs and we might have underestimated
the true incidence of CVEs in SLE patients. On the other
hand, the incidence of CVEs in our SLE cohort was
higher compared with previous larger cohort studies of
SLE patients [18-20]. This difference might be based on
unequal study populations, due to a varying definition of
CVEs, and patients without follow-up may have been
more likely than those without development of CVEs or
who died due to other causes (in this scenario we might
have overestimated the "true" incidence of CVEs in SLE
patients).
However, besides these limitations our study primarily
focused on the value of duplexsonography evaluation
and demonstrated the uselessness of IMT measurement
in contrast to plaque assessment and highlighted the
value of additive femoral artery screening for assessment
of atherosclerosis and to identify SSc and SLE patients at
high risk of incident CVEs. Larger prospective studies
are required to estimate the "true" incidence of CVEs
and to evaluate further potential risk factors for CVEs,
particularly in SSc patients.

Conclusions
In summary, our study demonstrates a high frequency of
atherosclerotic plaques in the carotid arteries as well as
in the femoral arteries in the absence of a pIMT in both
SSc and SLE patients. IMT measurement appears to be
less useful than searching for atherosclerotic plaques in
SSc and SLE patients in routine cardiovascular assessment. Sonography of both carotid and femoral arteries
to assess atherosclerotic plaques provides a more accurate evaluation of clinically relevant atherosclerosis than
only carotid artery screening in order to reduce the overall morbidity and mortality in affected patients.
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Additional files
Additional file 1: Is a table presenting correlation of carotid and
femoral artery IMT with traditional and nontraditional risk factors
for atherosclerosis. A detailed report of correlations between mean
common carotid IMT and mean femoral artery IMT with traditional and
nontraditional risk factors for atherosclerosis in SSc and SLE patients.
Additional file 2: Is a table presenting explorative univariate
analysis of potential risk factors between patients with or without
atherosclerotic plaques. A detailed report of explorative univariate
analysis of the association of traditional cardiovascular and disease-related
risk factors with presence of atherosclerotic plaques in SSc and SLE patients.
Additional file 3: Is tables presenting explorative analysis and
additional multivariate Cox regression analysis of predictors of
incident CVEs during follow-up in SSc and SLE patients. The first
table shows a detailed report of explorative analysis of predictors of CVEs
during follow-up in SSc and SLE patients. The second table shows
additional multivariate Cox regression analysis of predictors of incident
CVEs during follow-up in SSc and SLE patients including only carotid but
not femoral artery plaques (if only carotid artery duplexsonography was
performed and status of femoral artery plaque was unknown).

Abbreviations
ARIC: Atherosclerosis Risk in Communities; AZA: azathioprine; CCA: common
carotid artery; CFA: common femoral artery; CI: confidence interval;
cIMT: carotid intima-media thickness; CS: corticosteroid; CVE: cardiovascular
event; CYP: cyclophosphamide; dsDNA: double-stranded DNA; ECA: external
carotid artery; HCQ: hydroxychloroquine; HR: hazard ratio; ICA: internal
carotid artery; IDR: incidence density rate; IMT: intima-media thickness;
pIMT: pathologic intima-media thickening; SLE: systemic lupus
erythematosus; SSc: systemic sclerosis; ssDNA: single-stranded DNA.
Competing interests
The authors declare that they have no competing interests. This research
received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.
Authors’ contributions
MF and SMW conceived of the study, JS participated in the design of the
study. All authors were involved in the recruitment and the clinical
examination of patients. AK and SMW assessed the skin thickening for the
modified Rodnan Skin Score. JS and SMW performed the ultrasound
examinations. MF evaluated the stored anonymous images without knowledge
of patient data and characteristics. AK and MF collected the data of follow-up
for CVEs. MF established the database and performed the statistical analysis, the
review of literature and drafted the manuscript. SMW and JS helped to draft the
manuscript. All authors read and approved the final manuscript.
Acknowledgements
The authors would like to thank Prof. Dr Müller-Ladner (Department of
Internal Medicine and Rheumatology, Justus-Liebig-University of Giessen) for
critical revision of the manuscript and Dr Geraldine Rauch (Institute of
Medical Biometry and Informatics, Ruprecht-Karls University of Heidelberg)
for statistical advice.
Author details
1
Department of Internal Medicine and Rheumatology,
Justus-Liebig-University Giessen, Kerckhoff-Clinic Bad Nauheim,
Benekestraße 2-8, Bad Nauheim, DE 61231, Germany. 2Department of
Internal Medicine and Nephrology, Düsseldorf University Hospital,
Moorenstraße 5, Düsseldorf, DE 40225, Germany. 3St Josef-Hospital
Bochum, Department of Dermatology, University of Bochum, Venerology and
Allergology, Gudrunstraße 56, Bochum, DE 44791, Germany. 4Krankenhaus der
Barmherzigen Brüder, Teaching Hospital of the University of Mainz, Department
of Nephrology and Rheumatology, Nordallee 1, Trier, DE 54292, Germany.
Received: 12 June 2013 Accepted: 24 January 2014
Published: 19 February 2014

Frerix et al. Arthritis Research & Therapy 2014, 16:R54
http://arthritis-research.com/content/16/1/R54

References
1. Au K, Singh MK, Bodukam V, Bae S, Maranian P, Ogawa R, Spiegel B,
McMahon M, Hahn B, Khanna D: Atherosclerosis in systemic sclerosis: a
systematic review and meta-analysis. Arthritis Rheum 2078–2090, 2011:63.
2. Tyrrell PN, Beyene J, Feldman BM, McCrindle BW, Silverman ED, Bradley TJ:
Rheumatic disease and carotid intima-media thickness: a systematic
review and meta-analysis. Arterioscler Thromb Vasc Biol 2010, 30:1014–1026.
3. Roman MJ, Shanker B, Davis A, Lockshin MD, Sammaritano L, Simantov R,
Crow MK, Schwartz JE, Paget SA, Devereux RB, Salmon JE: Prevalence and
correlates of accelerated atherosclerosis in systemic lupus
erythematosus. N Engl J Med 2003, 349:2399–2406.
4. Thompson T, Sutton-Tyrrell K, Wildman RP, Kao A, Fitzgerald SG, Shook B,
Tracy RP, Kuller LH, Brockwell S, Manzi S: Progression of carotid
intima-media thickness and plaque in women with systemic lupus
erythematosus. Arthritis Rheum 2008, 58:835–842.
5. Anania C, Gustafsson T, Hua X, Su J, Vikström M, de Faire U, Heimbürger M,
Jogestrand T, Frostegård J: Increased prevalence of vulnerable
atherosclerotic plaques and low levels of natural IgM antibodies against
phosphorylcholine in patients with systemic lupus erythematosus.
Arthritis Res Ther 2010, 12:R214.
6. Nienhuis HLA, Leeuw K, Bijzet J, van Doormaal JJ, van Roon AM, Smit AJ,
Graaff R, Kallenberg CGM, Bijl M: Small artery elasticity is decreased in
patients with systemic lupus erythematosus without increased intima
media thickness. Arthritis Res Ther 2010, 12:R181.
7. Ngian G, Sahhar J, Proudman SM, Stevens W, Wicks IP, van Doornum S:
Prevalence of coronary heart disease and cardiovascular risk factors in a
national cross-sectional cohort study of systemic sclerosis. Ann Rheum Dis
1980–1983, 2012:71.
8. Nussinovitch U, Shoenfeld Y: Atherosclerosis and macrovascular involvement
in systemic sclerosis: myth or reality. Autoimmun Rev 2011, 10:259–266.
9. Ngian G, Sahhar J, Wicks IP, van Doornum S: Cardiovascular disease in
systemic sclerosis – an emerging association? Arthritis Res Ther 2011, 13:237.
10. Nordin A, Jensen-Urstad K, Bjornadal L, Pettersson S, Larsson A, Svenungsson E:
Ischemic arterial events and atherosclerosis in patients with systemic sclerosis: a population based case–control study. Arthritis Res Ther 2013, 15:R87.
11. Lukjanowicz M, Fischer K, Trzcinska-Butkiewicz B, Sawicki M, Walecka A,
Brzosko M: Carotid intima-media thickness and ankle brachial index
measurement and their relation to traditional and disease related
cardiovascular risk factors in patients with systemic sclerosis. Ann Rheum
Dis 2011, 70:658.
12. Lukjanowicz M, Fischer K, Trzcinska-Butkiewicz B, Sawicki M, Walecka A, Brzosko M:
Risk factors of the presence of atherosclerotic plaques in carotid arteries in
patients with systemic sclerosis. Ann Rheum Dis 2010, 69:692.
13. Tsifetaki N, Georgiadis AN, Alamanos Y, Fanis S, Argyropoulou MI, Drosos AA:
Subclinical atherosclerosis in scleroderma patients. Scand J Rheumatol 2010,
39:326–329.
14. Hettema ME, Zhang D, Leeuw K, Stienstra Y, Smit AJ, Kallenberg CGM,
Bootsma H: Early atherosclerosis in systemic sclerosis and its relation to
disease or traditional risk factors. Arthritis Res Ther 2008, 10:R49.
15. Ho M, Veale D, Eastmond C, Nuki G, Belch J: Macrovascular disease and
systemic sclerosis. Ann Rheum Dis 2000, 59:39–43.
16. Belcaro G, Nicolaides AN, Ramaswami G, Cesarone MR, de Sanctis M, Incandela L,
Ferrari P, Geroulakos G, Barsotti A, Griffin M, Dhanjil S, Sabetai M, Bucci M,
Martines G: Carotid and femoral ultrasound morphology screening and
cardiovascular events in low risk subjects: a 10-year follow-up study
(the CAFES-CAVE study(1)). Atherosclerosis 2001, 156:379–387.
17. Wolak T, Todosoui E, Szendro G, Bolotin A, Jonathan B, Flusser D, Buskila D,
Sukenik S, Abu-Shakra M: Duplex study of the carotid and femoral arteries
of patients with systemic lupus erythematosus: a controlled study.
J. Rheumatol 2004, 31:909–914.
18. Bessant R, Hingorani A, Patel L, MacGregor A, Isenberg DA, Rahman A: Risk of
coronary heart disease and stroke in a large British cohort of patients with
systemic lupus erythematosus. Rheumatology (Oxford) 2004, 43:924–929.
19. Magder LS, Petri M: Incidence of and risk factors for adverse
cardiovascular events among patients with systemic lupus
erythematosus. Am J Epidemiol 2012, 176:708–719.
20. Kao AH, Lertratanakul A, Elliott JR, Sattar A, Santelices L, Shaw P, Birru M,
Avram Z, Thompson T, Sutton-Tyrrell K, Ramsey-Goldman R, Manzi S:
Relation of carotid intima-media thickness and plaque with incident
cardiovascular events in women with systemic lupus erythematosus.
Cardiol Am J 2013, 112:1025-1032.

Page 16 of 17

21. Man A, Zhu Y, Zhang Y, Dubreuil M, Rho YH, Peloquin C, Simms RW, Choi HK:
The risk of cardiovascular disease in systemic sclerosis: a population-based
cohort study. Ann Rheum. Dis 2013, 72:1188–1193.
22. LeRoy EC, Medsger TA: Criteria for the classification of early systemic
sclerosis. J. Rheumatol 2001, 28:1573–1576.
23. Hochberg MC: Updating the American College of Rheumatology revised
criteria for the classification of systemic lupus erythematosus.
Arthritis Rheum 1997, 40:1725.
24. Mancia G, de Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G,
Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L,
Rynkiewicz A, Schmieder RE, Boudier HAJS, Zanchetti A, Vahanian A, Camm J,
de Caterina R, Dean V, Dickstein K, Filippatos G, Funck-Brentano C, Hellemans I,
Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, et al:
Guidelines for the Management of Arterial Hypertension: The Task Force
for the Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC).
J Hypertens 2007, 2007:1105–1187.
25. Temelkova-Kurktschiev T, Fischer S, Koehler C, Mennicken G, Henkel E,
Hanefeld M: Intima-media thickness in healthy subjects without risk
factors for atherosclerosis. Dtsch Med Wochenschr 2001, 126:193–197.
26. Howard G, Sharrett AR, Heiss G, Evans GW, Chambless LE, Riley WA, Burke GL:
Carotid artery intimal-medial thickness distribution in general populations
as evaluated by B-mode ultrasound. ARIC Investigators. Stroke 1993,
24:1297–1304.
27. Touboul P, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N,
Csiba L, Desvarieux M, Ebrahim S, Hernandez Hernandez R, Jaff M, Kownator S,
Naqvi T, Prati P, Rundek T, Sitzer M, Schminke U, Tardif J, Taylor A, Vicaut E,
Woo KS: Mannheim Carotid Intima-Media Thickness and Plaque Consensus
(2004–2006–2011). An update on Behalf of the Advisory Board of the 3rd,
4th and 5th Watching the Risk Symposia, at the 13th, 15th and 20th
European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium,
2006, and Hamburg, Germany, 2011. Cerebrovasc Dis 2012, 34:290–296.
28. Lowering blood cholesterol to prevent heart disease. NIH Consensus
Development Conference statement. Arteriosclerosis 1985, 5:404–412.
29. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH: Derivation of
the SLEDAI. A disease activity index for lupus patients. The Committee
on Prognosis Studies in SLE. Arthritis Rheum 1992, 35:630–640.
30. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz M, Bacon P,
Bombardieri S, Hanly J, Hay E, Isenberg D, Jones J, Kalunian K, Maddison P,
Nived O, Petri M, Richter M, Sanchez-Guerrero J, Snaith M, Sturfelt G,
Symmons D, Zoma A: The development and initial validation of the
Systemic Lupus International Collaborating Clinics/American College of
Rheumatology damage index for systemic lupus erythematosus.
Arthritis Rheum 1996, 39:363–369.
31. Clements PJ, Lachenbruch PA, Seibold JR, Zee B, Steen VD, Brennan P,
Silman AJ, Allegar N, Varga J, Massa M: Skin thickness score in systemic
sclerosis: an assessment of interobserver variability in 3 independent
studies. J Rheumatol 1892–1896, 1993:20.
32. de Groot E, van Leuven SI, Duivenvoorden R, Meuwese MC, Akdim F, Bots ML,
Kastelein JJ: Measurement of carotid intima-media thickness to assess
progression and regression of atherosclerosis. Nat Clin Pract Cardiovasc Med
2008, 5:280–288.
33. Nambi V, Chambless L, He M, Folsom AR, Mosley T, Boerwinkle E, Ballantyne CM:
Common carotid artery intima-media thickness is as good as carotid
intima-media thickness of all carotid artery segments in improving prediction
of coronary heart disease risk in the Atherosclerosis Risk in Communities
(ARIC) study. Eur Heart J 2012, 33:183–190.
34. Lorenz MW, Schaefer C, Steinmetz H, Sitzer M: Is carotid intima media
thickness useful for individual prediction of cardiovascular risk? Ten-year
results from the Carotid Atherosclerosis Progression Study (CAPS). Eur
Heart J 2041–2048, 2010:31.
35. Den Ruijter HM, Peters SAE, Anderson TJ, Britton AR, Dekker JM, Eijkemans
MJ, Engström G, Evans GW, de Graaf J, Grobbee DE, Hedblad B, Hofman A,
Holewijn S, Ikeda A, Kavousi M, Kitagawa K, Kitamura A, Koffijberg H, Lonn
EM, Lorenz MW, Mathiesen EB, Nijpels G, Okazaki S, O'Leary DH, Polak JF,
Price JF, Robertson C, Rembold CM, Rosvall M, Rundek T, et al: Common
carotid intima-media thickness measurements in cardiovascular risk
prediction: a meta-analysis. JAMA 2012, 308:796–803.
36. Peters SAE, Den R, Hester M, Bots ML, Moons KGM: Improvements in risk
stratification for the occurrence of cardiovascular disease by imaging
subclinical atherosclerosis: a systematic review. Heart 2012, 98:177–184.

Frerix et al. Arthritis Research & Therapy 2014, 16:R54
http://arthritis-research.com/content/16/1/R54

37. Darabian S, Hormuz M, Latif MA, Pahlevan S, Budoff MJ: The role of carotid
intimal thickness testing and risk prediction in the development of
coronary atherosclerosis. Curr Atheroscler Rep 2013, 15:306.
38. Salonen R, Salonen JT: Progression of carotid atherosclerosis and its
determinants: a population-based ultrasonography study.
Atherosclerosis 1990, 81:33–40.
39. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR,
Clegg LX: Association of coronary heart disease incidence with
carotid arterial wall thickness and major risk factors: the
Atherosclerosis Risk in Communities (ARIC) Study, 1987–1993. Am J
Epidemiol 1997, 146:483–494.
40. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK:
Carotid-artery intima and media thickness as a risk factor for myocardial
infarction and stroke in older adults. Cardiovascular Health Study
Collaborative Research Group. N Engl J Med 1999, 340:14–22.
41. Manzi S, Selzer F, Sutton-Tyrrell K, Fitzgerald SG, Rairie JE, Tracy RP, Kuller LH:
Prevalence and risk factors of carotid plaque in women with systemic
lupus erythematosus. Arthritis Rheum 1999, 42:51–60.
42. Petri M, Perez-Gutthann S, Spence D, Hochberg MC: Risk factors for coronary
artery disease in patients with systemic lupus erythematosus. Am J Med
1992, 93:513–519.
43. Petri M, Spence D, Bone LR, Hochberg MC: Coronary artery disease risk
factors in the Johns Hopkins Lupus Cohort: prevalence, recognition by
patients, and preventive practices. Medicine (Baltimore) 1992, 71:291–302.
44. Kiani AN, Vogel-Claussen J, Zadeh A, Magder LS, Lima J, Petri M: Semiquantified
noncalcified coronary plaque in systemic lupus erythematosus. J Rheumatol
2012, 39:2286–2293.
45. Doria A, Shoenfeld Y, Wu R, Gambari PF, Puato M, Ghirardello A, Gilburd B,
Corbanese S, Patnaik M, Zampieri S, Peter JB, Favaretto E, Iaccarino L, Sherer Y,
Todesco S, Pauletto P: Risk factors for subclinical atherosclerosis in a
prospective cohort of patients with systemic lupus erythematosus.
Ann Rheum Dis 2003, 62:1071–1077.
46. Rizk A, Gheita TA, Nassef S, Abdallah A: The impact of obesity in systemic
lupus erythematosus on disease parameters, quality of life, functional
capacity and the risk of atherosclerosis. Int J Rheum Dis 2012, 15:261–267.
47. Schanberg LE, Sandborg C, Barnhart HX, Ardoin SP, Yow E, Evans GW,
Mieszkalski KL, Ilowite NT, Eberhard A, Levy DM, Kimura Y, von Scheven
E, Silverman E, Bowyer SL, Punaro L, Singer NG, Sherry DD, McCurdy D,
Klein-Gitelman M, Wallace C, Silver R, Wagner-Weiner L, Higgins GC,
Brunner HI, Jung L, Soep JB, Reed A: Premature atherosclerosis in
pediatric systemic lupus erythematosus: risk factors for increased
carotid intima-media thickness in the atherosclerosis prevention in
pediatric lupus erythematosus cohort. Arthritis Rheum 2009, 60:1496–1507.
48. Selzer F, Sutton-Tyrrell K, Fitzgerald SG, Pratt JE, Tracy RP, Kuller LH, Manzi S:
Comparison of risk factors for vascular disease in the carotid artery and
aorta in women with systemic lupus erythematosus. Arthritis Rheum 2004,
50:151–159.
49. Roman MJ, Crow MK, Lockshin MD, Devereux RB, Paget SA, Sammaritano L,
Levine DM, Davis A, Salmon JE: Rate and determinants of progression of
atherosclerosis in systemic lupus erythematosus. Arthritis Rheum 2007,
56:3412–3419.
50. de Leeuw K, Freire B, Smit AJ, Bootsma H, Kallenberg CG, Bijl M: Traditional
and non-traditional risk factors contribute to the development of
accelerated atherosclerosis in patients with systemic lupus
erythematosus. Lupus 2006, 15:675–682.
51. de Leeuw K, Smit AJ, de Groot E, van Roon AM, Kallenberg CG, Bijl M:
Longitudinal study on premature atherosclerosis in patients with
systemic lupus erythematosus. Atherosclerosis 2009, 206:546–550.
52. Manger K, Kusus M, Forster C, Ropers D, Daniel WG, Kalden JR, Achenbach S,
Manger B: Factors associated with coronary artery calcification in young
female patients with SLE. Ann Rheum Dis 2003, 62:846–850.
53. Maksimowicz-McKinnon K, Magder LS, Petri M: Predictors of carotid
atherosclerosis in systemic lupus erythematosus. J Rheumatol 2006,
33:2458–2463.
54. Mok MY, Lau CS, Chiu SSH, Tso AWK, Lo Y, Law LSC, Mak KF, Wong WS,
Khong PL, Lam KSL: Systemic sclerosis is an independent risk factor for
increased coronary artery calcium deposition. Arthritis Rheum 2011,
63:1387–1395.

Page 17 of 17

55. Vettori S, Maresca L, Cuomo G, Abbadessa S, Leonardo G, Valentini G:
Clinical and subclinical atherosclerosis in systemic sclerosis:
consequences of previous corticosteroid treatment. Scand J Rheumatol
2010, 39:485–489.
56. Petri M, Lakatta C, Magder L, Goldman D: Effect of prednisone and
hydroxychloroquine on coronary artery disease risk factors in systemic
lupus erythematosus: a longitudinal data analysis. Am J Med 1994,
96:254–259.
57. Toloza, Sergio MA, Uribe AG, McGwin G, Alarcón GS, Fessler BJ, Bastian HM,
Vilá LM, Wu R, Shoenfeld Y, Roseman JM, Reveille JD: Systemic lupus
erythematosus in a multiethnic US cohort (LUMINA). XXIII. Baseline
predictors of vascular events. Arthritis Rheum 2004, 50:3947–3957.
58. Grainger DJ, Bethell HWL: High titres of serum antinuclear antibodies,
mostly directed against nucleolar antigens, are associated with the
presence of coronary atherosclerosis. Ann Rheum Dis 2002, 61:110–114.
59. Meroni PL, Raschi E, Testoni C, Borghi MO: Endothelial cell activation by
antiphospholipid antibodies. Clin Immunol 2004, 112:169–174.
60. Marasini B, de Monti M, Ghilardi G: Risk factors for accelerated
atherosclerosis in patients with systemic lupus erythematosus.
Ann Rheum Dis 2005, 64:163–164.
61. Mok MY, Chiu SSH, Lo Y, Mak HKF, Wong WS, Khong PL, Lau CS: Coronary
atherosclerosis using computed tomography coronary angiography in
patients with systemic sclerosis. Scand J Rheumatol 2009, 38:381–385.
62. Turiel M, Gianturco L, Ricci C, Sarzi-Puttini P, Tomasoni L, Colonna Vde G,
Ferrario P, Epis O, Atzeni F: Silent cardiovascular involvement in patients
with diffuse scleroderma: a controlled cross-sectional study. Arthritis Care
Res (Hoboken) 2013, 65:274–280.
63. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR: A simulation
study of the number of events per variable in logistic regression
analysis. J Clin Epidemiol 1996, 49:1373–1379.
64. Vittinghoff E, McCulloch CE: Relaxing the rule of ten events per variable in
logistic and Cox regression. Am J Epidemiol 2007, 165:710–718.
doi:10.1186/ar4489
Cite this article as: Frerix et al.: Atherosclerotic plaques occur in absence
of intima-media thickening in both systemic sclerosis and systemic lupus
erythematosus: a duplexsonography study of carotid and femoral arteries
and follow-up for cardiovascular events. Arthritis Research & Therapy
2014 16:R54.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

