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Disease Damage Influences Cardiovascular Risk
Reclassification Based on Carotid Ultrasound in
Patients with Systemic Lupus Erythematosus 
Juan C. Quevedo-Abeledo, Íñigo Rúa-Figueroa, Hiurma Sánchez-Pérez, Beatriz Tejera-Segura,
Antonia de Vera-González, Alejandra González-Delgado, Javier Llorca, 
Miguel Á. González-Gay, and Iván Ferraz-Amaro

ABSTRACT. Objective. Composite scores of cardiovascular (CV) risk factors underestimate the CV risk in patients
with systemic lupus erythematosus (SLE). Carotid artery ultrasound (US) was found useful in identi-
fying high CV–risk patients with inflammatory arthritis. We assessed the effect of carotid US assess-
ments on the CV risk stratification of patients with SLE.
Methods. This cross-sectional study included 276 patients with SLE. These indices were measured:
lipid profile, Systematic COronary Risk Evaluation (SCORE) risk calculation, and disease activity
(SLE Disease Activity Index), severity (Katz), and damage [Systemic Lupus International
Collaborating Clinics (SLICC)/American College of Rheumatology Damage Index]. Carotid plaques
were assessed by US. A multivariable regression analysis, adjusted for classic CV-related factors, was
performed to evaluate how risk reclassification was influenced by disease characteristics in patients
with SLE. 
Results. Thirty-six percent of patients had carotid plaques. However, only 6% of them fulfilled the
definitions for high or very high risk according to the SCORE risk charts. Following carotid US
assessment, 32% of the patients were reclassified as very high risk. Disease duration (OR 1.04, 95%
CI 1.00–1.07, p = 0.025) and a SLICC > 0 (OR 2.48 95% CI 1.15–5.34, p = 0.020) were independently
associated with a higher risk of reclassification. A predictive model for reclassification included age
(cutoff 52 yrs, sensitivity 60%, specificity 86%), disease duration (cutoff 24 yrs, sensitivity 40%,
specificity 82%), presence of hypertension, SLICC > 0, waist circumference (cutoff 102 cm, sensi-
tivity 48%, specificity 84%), and C3 (cutoff 127 mg/dl, sensitivity 52%, specificity 92%) and trigly-
ceride (cutoff 140 mg/dl, sensitivity 68%, specificity 79%) serum levels. 
Conclusion. Reclassification into a very high–risk category is frequent after carotid US assessments
in patients with SLE. This is independently influenced by disease damage. (First Release January 15
2019; J Rheumatol 2019;46:483–91; doi:10.3899/jrheum.180881)
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Systemic lupus erythematosus (SLE) is associated with an
increased and premature prevalence of atherosclerosis1. This
probably stems from the compound effects of a genetic
component, classic cardiovascular (CV) risk factors, disease
severity, and the therapy used to manage the disease2,3,4,5.
Although new drugs have substantially contributed to longer
survival rates, it has become evident that CV disease has
emerged as one of the most important causes of morbidity
and mortality in these patients6. A systematic review has
revealed that the risk of CV disease is 5 times as high in
patients with SLE as in the general population7. Moreover,
in young women with SLE, the age-specific incidence of CV
disease is higher by a factor of as much as 508. 
    All current guidelines on the prevention of CV disease in
clinical practice recommend an assessment of total CV risk
because atherosclerosis is usually the product of a number of
risk factors. Composite scores, such as the Framingham Risk
Score9 and the Systematic COronary Risk Evaluation
(SCORE)10, have been used to predict longterm CV risk in
the general population. This is important because prevention
of CV disease in an individual should be tailored to his or her
CV risk: the higher the risk, the more intense the action
undertaken should be11. Nevertheless, when applied to
patients with SLE, these classic scores have been found to
significantly underestimate the true risk of CV disease12,13.
This inadequate stratification of the CV risk is an issue of
major importance in patients with SLE, and the traditional
approach does not entail significant differences in the
management of risk factors14. Thus, the search for additional
tools that could identify high CV–risk patients with SLE who
may benefit from active therapy to prevent CV events is of
major importance.
    Carotid artery US were found useful in identifying high
CV–risk patients with rheumatoid arthritis (RA) who fulfilled
the definitions for moderate CV risk according to well-estab-
lished risk charts15,16. Therefore, screening for asymptomatic
atherosclerotic plaques by carotid ultrasound (US) should be
regarded as part of the CV disease risk evaluation in patients
with RA and other forms of inflammatory joint disorders
according to European League Against Rheumatism
(EULAR) recommendations17. Because of the clinical conse-
quences related to an indication for statin treatment if carotid
plaques are present, we wondered whether this procedure
could be of additional value to CV risk stratification in
patients with SLE. 
    Taking all these considerations into account, the main

purpose of our study was to assess the effect of carotid US
assessments on the CV risk stratification of patients with SLE
who were initially assessed by SCORE risk charts. We also
aimed to identify patient characteristics that could potentially
predict such CV risk reclassifications.

MATERIALS AND METHODS
Study participants. This was a cross-sectional study that included 276
patients with SLE. All of them were 18 years old or older and were already
enrolled when they fulfilled ≥ 4 American College of Rheumatology (ACR)
1997 classification criteria for SLE18. They had been diagnosed by rheuma-
tologists and were periodically followed up at rheumatology outpatient
clinics. For the purpose of inclusion in our present study, SLE disease
duration needed to be ≥ 1 year. Patients with SLE undergoing biologic
therapy (belimumab or rituximab) were not excluded from our present study.
Likewise, because glucocorticoids are often used in the management of SLE,
patients taking prednisone were not excluded. None of the patients had estab-
lished CV disease. However, patients were excluded if they had a history of
cancer or any other chronic disease, evidence of active infection or a
glomerular filtration rate < 60 ml/min/1.73 m2. The study protocol was
approved by the Institutional Review Committee at Hospital Universitario
de Canarias and Hospital Doctor Negrín, both in Spain, and all subjects
provided informed written consent (approval no. 2015-84).
Assessments and data collection. Surveys in patients with SLE were
performed to assess CV risk factors and medication. Subjects completed a
questionnaire and underwent a physical examination to determine anthro-
pometric measurements and blood pressure. Medical records were reviewed
to ascertain specific diagnoses and medications. Hypertension (HTN) was
defined as a systolic or diastolic blood pressure > 140 mmHg and 90 mmHg,
respectively. Dyslipidemia was defined if 1 of the following factors was
present: total cholesterol > 200 mg/dl, triglyceride (TGC) > 150 mg/dl,
high-density lipoprotein (HDL) cholesterol < 40 in men or < 50 mg/dl in
women, or low-density lipoprotein (LDL) cholesterol > 130 mg/dl.
Atherogenic index was calculated using the total cholesterol/HDL choles-
terol ratio. SLE disease activity and damage were assessed using the SLE
Disease Activity Index (SLEDAI-2K)19 and the Systemic Lupus
International Collaborating Clinics (SLICC)/ACR Damage Index (SDI)20,
respectively. For the purpose of our present study, the SLEDAI index was
split into none (0), mild (1–5), moderate (6–10), and high and very high
activity (> 10) as previously described21. Disease severity was measured as
well, using the Katz Index22. Additionally, standard techniques were used
to measure plasma glucose, C-reactive protein (CRP), and serum lipids.
Carotid ultrasound assessment. Carotid ultrasound was performed to assess
carotid intima-media wall thickness (cIMT) in the common carotid artery
and to detect focal plaques in the extracranial carotid tree in patients with
SLE. A commercially available scanner, Mylab 70 (Esaote), equipped with
a 7–12 MHz linear transducer and an automated software-guided radiofre-
quency technique — Quality Intima Media Thickness in real-time (QIMT,
Esaote) — was used for this purpose. Based on the Mannheim consensus,
plaque criteria in the accessible extracranial carotid tree (common carotid
artery, bulb, and internal carotid artery) were defined as follows: a focal
protrusion in the lumen measuring at least cIMT > 1.5 mm; a protrusion at
least 50% greater than the surrounding cIMT; or an arterial lumen
encroaching > 0.5 mm23.
Statistical analysis. Demographic and clinical characteristics were described
in patients with SLE as mean ± SD or percentages for categorical variables.
For non-normally distributed continuous variables, data were expressed as
median and interquartile range (IQR). Univariate differences between reclas-
sified and non-reclassified patients were assessed through Student t,
Mann-Whitney U, chi-square, or Fisher’s exact tests according to normal
distribution or number of subjects. Logistic regression analysis adjusted for
the variables with a p value < 0.20 in the univariate analysis was performed
to assess the relation of SLE disease-related data with the presence of reclas-
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sification. An all-sets logistic regression model was constructed to describe
the most parsimonious combination of predictors of risk reclassification
according to Akaike Information Criteria, Schwarz Bayesian Criterion, the
area under the curve, and Hosmer-Lemeshow goodness-of-fit. For charac-
teristics that were associated with reclassification and that were included in
the predictive model, sensitivity versus false positive frequency (1-speci-
ficity) was analyzed utilizing receiver-operating characteristic curves. To
determine the optimal cutoff value of baseline characteristics in predicting
reclassification, we calculated the Youden index using the following formula:
sensitivity + specificity – 1, with the maximum obtained value corresponding
to the optimal cutoff point. All the analyses used a 5% two-sided significance
level and were performed using SPSS software, version 21 (IBM), and
STATA software, version 15/SE (Stata Corp.). A p value < 0.05 was
considered statistically significant.

RESULTS
Demographic, analytical, and disease-related data. A total
of 276 SLE patients with a mean ± SD age of 51 ± 12 years

were included in this study. Demographic and disease-related
characteristics of the participants are shown in Table 1. Body
mass index (BMI) was 27.49 ± 5.7 kg/m2 and the average
waist circumference was 92 ± 13 cm. Traditional CV risk
factors were frequent. Specifically, 40% and 38% were
hypertensive or taking antihypertensive therapy, respectively.
In addition, 68% of the patients had dyslipidemia and 25%
were current smokers. Seventy-five (27%) of the patients
were on statins. Laboratory assessments disclosed CRP of
1.90 (IQR 0.90–4.90) mg/l and a total cholesterol of 
194 ± 39 mg/dl. LDL and HDL cholesterol were 107 ± 33
and 62 ± 20 mg/dl, respectively.
    The median SLE disease duration was 18 ± 10 years and
the SLICC and Katz indices were 1 (IQR 0–2) and 2 (IQR
1–4), respectively. One hundred six (38%) of the patients
were categorized as having no activity (i.e., in remission)
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Table 1. Demographic data of the 276 patients with SLE.

Characteristics                                                                       N = 276

Female, n (%)                                                                       263 (95)
Age, yrs                                                                                 51 ± 12
BMI, mg/cm2                                                                                             27.49 ± 5.7
Waist circumference, cm                                                       92 ± 13
Systolic pressure, mmHg                                                     128 ± 20
Diastolic pressure, mmHg                                                     83 ± 44
Cardiovascular risk factors, n (%)                                               
     Hypertension                                                                   110 (40)
     Dyslipidemia                                                                   189 (68)
     Current smokers                                                               68 (25)
     Antihypertensive treatment                                             104 (38)
     Diabetes                                                                             14 (5)
     Statins                                                                               75 (27)
Analytical data                                                                             
     CRP, mg/l                                                                  1.90 (0.90–4.90)
     Cholesterol, mg/dl                                                           194 ± 39
     Triglycerides, mg/dl                                                        126 ± 99
     LDL, mg/dl                                                                      107 ± 33
     HDL, mg/dl                                                                      62 ± 20
     apoA, mg/dl                                                                     180 ± 37
     apoB-I, mg/dl                                                                   96 ± 24
     apoB/apoA index                                                           0.55 ± 0.17
     Atherogenic index                                                         3.40 ± 1.08
SLE-related data                                                                          
     Disease duration, yrs                                                      17.6 ± 9.8
     SLICC                                                                               1 (0–2)

SLICC ≥ 1                                                                       197 (71)
Katz Index                                                                        2 (1–4)
Katz Index ≥ 3                                                                 104 (38)
SLEDAI                                                                           3 (0–6)
SLEDAI activity categories, n (%)*                                      

No activity                                                                   106 (38)
Mild                                                                              85 (31)

Characteristics                                                                       N = 276

Moderate                                                                       47 (17)
High or very high                                                           21 (8)

ANA profile, n (%)                                                                
Anti-DNA–positive                                                     165 (60)
ENA-positive                                                                66 (24)
Anti-Ro                                                                         89 (32)
Anti-La                                                                         43 (16)
Anti-RNP                                                                      72 (26)
Anti-Sm                                                                        34 (12)

Antiphospholipid autoantibodies, n (%)                                
Lupus anticoagulant                                                      67 (24)
aCL IgM                                                                       33 (12)
aCL IgG                                                                        56 (20)
Anti-β2 glycoprotein IgM                                            27 (10)
Anti-β2 glycoprotein IgG                                             39 (14)

Rheumatoid factor, n (%)                                                 34 (12)
C3, mg/dl                                                                         99 ± 27
C4, mg/dl                                                                          17 ± 8
Leukocytes, cells/mm3                                                                 6034 ± 3019
Hypocomplementemia, n (%)                                         146 (53)
Current prednisone, n (%)                                               131 (47)
Prednisone, mg/day                                                        5 (5–7.5)
DMARD, n (%)                                                               211 (76)
Hydroxychloroquine, n (%)                                            190 (69)
Methotrexate, n (%)                                                         32 (12)
Mycophenolate mofetil, n (%)                                          23 (8)
Azathioprine, n (%)                                                          32 (12)
Rituximab, n (%)                                                                8 (3)
Belimumab, n (%)                                                              4 (1)
Cyclophosphamide, n (%)                                                  1 (0)

Carotid intima-media assessment                                                
Carotid plaque, n (%)                                                       99 (36)
Bilateral, n (% of plaque positive)                                   53 (54)
cIMT, mm                                                                   0.631 ± 0.108

Values are mean ± SD or median (IQR) when data were not normally distributed. * SLEDAI categories were defined as follows: 0 (no activity); 1–5 (mild);
6–10 (moderate); > 10 (high or very high). SLE: systemic lupus erythematosus; BMI: body mass index; CRP: C-reactive protein; LDL: low-density lipoprotein;
DMARD: disease-modifying antirheumatic drug; aCL: anticardiolipin antibodies; HDL: high-density lipoprotein; apoA: apolipoprotein A; ANA: antinuclear
antibodies; ENA: extractible nuclear antibodies; SLEDAI: SLE Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics/American
College of Rheumatology Damage Index; cIMT, carotid intima-media thickness; IQR: interquartile range.
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based on the SLEDAI-2K index, while 31%, 17%, and 8%
were included in the mild, moderate, and high or very high
categories, respectively. Almost a half of them (47%) were
taking prednisone [5 (IQR 5–7.5) mg/day]. One hundred
sixty-five patients (60%) were found to be positive for
anti-DNA, and 62 (24%) expressed some of the extractible
nuclear antibodies (ENA) at the time of the study. One
hundred ninety patients (69%) were taking hydroxychloro-
quine, while mycophenolate mofetil (MMF), azathioprine,
rituximab, and belimumab were less frequently used.
Additional disease-related information is shown in Table 1. 
    Regarding carotid US assessment, 36% of the patients had
carotid plaques. The average cIMT was 0.631 ± 0.108 mm.
SCORE risk category reclassification after carotid sono-
graphy. Following SCORE risk chart stratification, 184
(67%) and 73 (27%) patients were included in the low and
moderate CV risk categories, respectively (Table 2). Only 16
patients (6%) fulfilled the definitions for high or very high
CV risk. However, carotid US assessment resulted in 32%
patients being reclassified as very high CV risk. In this
regard, 43 (23%) of the 184 included in the category of low
CV risk, based on the SCORE risk charts, had carotid
plaques. They were therefore reclassified as very high CV–
risk patients. As was described in patients with RA15,16, the
use of carotid US yielded more relevant results in those
patients with SLE included in the category of moderate CV
risk. This was because, according to the SCORE, 43 of 73
patients (59%) had carotid plaques, and consequently had to
be reclassified as very high CV–risk (Table 2). 
Differences between reclassified and non-reclassified patients
into very high CV–risk categories after carotid US.
Differences in recorded characteristics between patients who
were reclassified following the carotid US assessment and
those who were not reclassified were observed (Table 3).
While patients were older (57 ± 9 vs 48 ± 11 yrs, p < 0.001)
and HTN more common (56 vs 31%, p < 0.001) in the reclas-
sified cohort, sex, BMI, waist circumference, and the
presence of dyslipidemia, current smoking, or diabetes did
not reveal any differences between the 2 groups. In addition,
cIMT was higher in those patients who were reclassified
(0.671 ± 0.121 vs 0.615 ± 0.097 mm, p < 0.001). Interest-
ingly, none of the laboratory data related to lipid profiles or

CRP showed any difference between reclassified and
non-reclassified patients.
    Regarding SLE-related features, some differences were
also noted. Disease duration (16 ± 9 vs 21 ± 11 yrs, p < 0.001)
was found to be higher in the reclassified patients. Similarly,
SLICC, both as a continuous (log SLICC: 1.04 ± 0.60 vs 0.70
± 0.62, p < 0.001) and categorical (SLICC > 0: 86 vs 64%, 
p < 0.001) variable, was found to be higher in the reclassified
patients. Differences were still apparent even when this index
was constructed in a manner that excluded those items related
to CV disease. However, Katz and SLEDAI indices,
anti-DNA positivity, and the presence of ENA or antiphos-
pholipid antibodies did not show any differences between
reclassified and non-reclassified individuals. Only C3,
anti-RNP positivity, and the use of MMF revealed some
differences (Table 3).
    Multivariable regression analysis confirmed the aforemen-
tioned results. Disease duration showed some correlation
with reclassification after adjusting for age, HTN, waist
circumference, diabetes, and TGC (OR 1.04, 95% CI
1.00–1.07, p = 0.025). Similarly, an SLICC higher or equal
to 1 (OR 2.48, 95% CI 1.15–5.34, p = 0.020) and log SLICC
(OR 1.63, 95% CI 1.01–2.64, p = 0.045) showed a statisti-
cally significant relationship to reclassification after adjusting
for age and CV risk factors. These relationships were also
found when the SLICC was used without the CV-related
factors (SLICC CV–), although in the case of log SLICC it
was marginally significant (OR 1.56, 95% CI 0.95–2.64, 
p = 0.077).
Predictive model for reclassifying patients into the high CV–
risk category following a carotid US assessment. A predictive
model was constructed only for patients with SLE in the
low-risk SCORE category. These variables conjointly repre-
sented the most parsimonious model capable of predicting
reclassification of patients with SLE into the very high CV–
risk category (Table 4): age, disease duration, HTN, an
SLICC CV > 0, C3 serum levels, abdominal circumference,
and TGC. Moreover, age older than 52 years, a disease
duration longer than 24 years, a waist circumference > 127
cm, and C3 complement and TGC > 127 mg/dl and 140
mg/dl, respectively, were the cutoffs among the continuous
variables that reached the highest Youden indices. 
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Table 2. Reclassification of patients with SLE following carotid ultrasound.

Initial SCORE Risk Category Cardiovascular Risk Category after Carotid Ultrasound Assessment
                                                                         Low                   Moderate                    High             Very High

Low                                  184                           141                           0                              0                      43
Moderate                           73                              0                            30                             0                      43
High                                    9                               0                             0                              2                       7
Very high                            7                               0                             0                              0                       7
                                        273                           141                          30                             2                     100

Three patients of 276 were excluded from the analysis because reclassification data were not available. SLE:
systemic lupus erythematosus; SCORE: Systematic COronary Risk Evaluation.
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Table 3. Differences between reclassified and non-reclassified patients with SLE into the very high CV risk category following carotid ultrasound assessment.

Variables                     Reclassification into Very High–Risk                                                 Adjusted Model for Age + CV Factors
                                      Category after Carotid Ultrasound
                                                                             No (n = 180)                      Yes (n = 94)                                   p                                OR (95% CI), p

cIMT, mm                                                            0.615 ± 0.097                    0.671 ± 0.121                             < 0.001                                       
Demographics

Male, n (%)                                                            7 (4)                                  6 (6)                                       0.37                                          
Age, yrs                                                               48 ± 11                               57 ± 9                                   < 0.001                                       
BMI, mg/cm2                                                                          27 ± 6                                28 ± 6                                     0.25                                          
Waist circumference, cm                                     91 ± 14                              94 ± 13                                   0.077                                         
Systolic pressure, mmHg                                   126 ± 20                            131 ± 18                                  0.015                                         
Diastolic pressure, mmHg                                   84 ± 53                              82 ± 10                                    0.67                                          

CV risk factors, n (%) 
Hypertension                                                        56 (31)                              53 (56)                                  < 0.001                                       
Dyslipidemia                                                       119 (66)                              69 (73)                                     0.27                                          
Current smoking                                                  41 (23)                              27 (29)                                     0.30                                          
Antihypertensive treatment                                 53 (29)                              50 (53)                                  < 0.001                                       
Diabetes                                                                 6 (3)                                  8 (9)                                      0.065                                         

Analytical data  
CRP, mg/l                                                     2.00 (0.90–4.90)               1.90 (0.70–3.80)                             0.29                                          
Cholesterol, mg/dl                                              194 ± 40                            195 ± 37                                   0.73                                          
Triglycerides, mg/dl                                           119 ± 35                           140 ± 100                                  0.11                                          
LDL, mg/dl                                                         108 ± 35                            106 ± 30                                   0.64                                          
HDL, mg/dl                                                         62 ± 18                              61 ± 22                                    0.80                                          
apoA, mg/dl                                                        179 ± 37                            180 ± 39                                   0.88                                          
apoB-I, mg/dl                                                      95 ± 25                              98 ± 21                                    0.31                                          
apoB/apoA index                                              0.54 ± 0.16                        0.57 ± 0.17                                 0.33                                          
Atherogenic index                                            3.36 ± 1.01                        3.50 ± 1.24                                 0.42                                          

SLE-related data
Disease duration, yrs                                            16 ± 9                               21 ± 11                                  < 0.001                     1.04 (1.00–1.07), 0.025
SLICC > 0, n (%)                                                115 (64)                              81 (86)                                  < 0.001                     2.48 (1.15–5.34), 0.020
SLICC CV– > 0, n (%)                                       106 (39)                             76 (28)                                  < 0.001                     2.14 (1.04–4.44), 0.040
log SLICC                                                        0.70 ± 0.62                       1.04 ± 0.60                               < 0.001                     1.63 (1.01–2.64), 0.045
log SLICC CV–                                                0.64 ± 0.60                        0.95 ± 0.57                               < 0.001                     1.56 (0.95–2.64), 0.077
log Katz                                                            1.19 ± 0.47                        1.19 ± 0.55                                 0.55                        1.00 (0.87–1.16), 0.99
Katz index ≥ 3, n (%)                                          71 (39)                              32 (34)                                     0.43                        0.69 (0.37–1.29), 0.25
log SLEDAI                                                     1.07 ± 1.07                        1.15 ± 0.98                                 0.65                        1.06 (0.80–1.41), 0.67
SLEDAI activity categories, %

No activity                                                        73 (41)                              33 (35)                                     0.20                                         –
Mild (1–5)                                                        48 (27)                              36 (38)                                                                    1.66 (0.84–3.28), 0.15
Moderate (6–10)                                               32 (18)                              15 (16)                                                                    1.22 (0.54–2.83), 0.65
High (> 10)                                                        14 (8)                                 6 (6)                                                                      0.90 (0.26–3.05), 0.86

SLEDAI > 0, n (%)*                                            94 (52)                              57 (61)                                     0.29                        1.41 (0.77–2.58), 0.27
ANA profile

Anti-DNA–positive                                         101 (56)                             63 (67)                                     0.40                        1.71 (0.80–3.66), 0.17
ENA-positive                                                   51 (28)                              14 (15)                                     0.26                        0.64 (0.20–2.11), 0.47
Anti-Ro                                                            66 (37)                              24 (26)                                     0.18                        0.62 (0.31–1.23), 0.17
Anti-La                                                             29 (16)                              13 (14)                                     0.80                        1.15 (0.49–2.69), 0.75
Anti-RNP                                                         43 (24)                              29 (31)                                     0.17                       2.20 (1.12–4.29), 0.022
Anti-Sm                                                            23 (13)                               11 (12)                                     0.83                        1.39 (0.60–3.21), 0.45

Antiphospholipid autoantibodies
Lupus anticoagulant                                         43 (24)                              23 (24)                                     0.71                        1.29 (0.65–2.56), 0.47
aCL IgM                                                           23 (13)                               10 (11)                                     0.68                        1.13 (0.45–2.84), 0.79
aCL IgG                                                           39 (22)                              17 (18)                                     0.57                        1.04 (0.50–2.16), 0.91
Anti-β2 glycoprotein IgM                                 17 (9)                                10 (11)                                     0.64                        1.21 (0.44–3.28), 0.71
Anti-β2 glycoprotein IgG                                29 (16)                               10 (11)                                     0.27                        0.84 (0.34–2.09), 0.71

Rheumatoid factor, n (%)                                    18 (10)                              15 (16)                                     0.11                        1.26 (0.51–3.10), 0.61
C3, mg/dl                                                             95 ± 25                             107 ± 27                                  0.001                      1.01 (1.00–1.03), 0.043
C4, mg/dl                                                              17 ± 8                                18 ± 8                                     0.29                        1.01 (0.97–1.05), 0.75
Leukocytes, cells/mm3                                                5835 ± 3260                      6463 ± 2448                                0.11                        1.00 (1.00–1.00), 0.55
Hypocomplementemia, n (%)                              87 (48)                              55 (59)                                     0.18                        1.46 (0.76–2.78), 0.25
Current prednisone, n (%)                                   85 (47)                              45 (48)                                     0.86                        0.95 (0.53–1.69), 0.85
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DISCUSSION
The 2016 European Guidelines on CV disease prevention in
clinical practice have established that documenting CV
disease by invasive or noninvasive testing (such as carotid US
to detect the presence of plaques) may be regarded as a risk
modifier in CV risk prediction in some cases24. Therefore,
although formal reclassification analyses have not been under-
taken in the general population, carotid artery plaque
assessment using US has gained support as a way to reclassify
those patients for whom the SCORE is thought to have under-
estimated the true CV risk. To our knowledge, our study is the
first to examine the effectiveness of carotid US in identifying
high-risk patients with SLE for whom the CV risk had been
previously assessed by means of SCORE risk charts.

    Previous studies reported a higher frequency of carotid
atherosclerotic plaques in patients with SLE than in
controls25,26,27. In our analysis, 36% of patients with SLE
were found to have either unilateral or bilateral carotid
plaques. Additionally, traditional CV risk factors were found
to be highly prevalent in our cohort. This is also in agreement
with previous studies that showed an increased prevalence of
traditional risk factors of atherosclerosis in patients with
SLE28,29,30. Similarly, a series of 250 female patients with
SLE from the Toronto Lupus Cohort showed higher preva-
lence of HTN, diabetes, premature menopause, and sedentary
lifestyle than controls31. 
    In RA (the prototype of inflammatory joint disease), CV
disease risk charts developed for the general population
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Table 3. Continued.

Variables                     Reclassification into Very High–Risk                                                 Adjusted Model for Age + CV Factors
                                      Category after Carotid Ultrasound
                                                                             No (n = 180)                      Yes (n = 94)                                   p                                OR (95% CI), p

Prednisone, mg/day, n (%)                                 5 (5–7.5)                           5 (5–7.5)                                   0.81                        0.96 (0.84–1.10), 0.58
DMARD, n (%)                                                  138 (77)                             72 (77)                                     0.89                        1.40 (0.71–2.77), 0.33
Hydroxychloroquine, n (%)                                128 (71)                             61 (65)                                     0.34                        1.02 (0.55–1.89), 0.95
Methotrexate, n (%)                                              17 (9)                               15 (16)                                     0.11                        1.33 (0.57–3.10), 0.51
Mycophenolate mofetil, n (%)                             19 (11)                                 3 (3)                                      0.033                       0.30 (0.08–1.11), 0.07
Azathioprine, n (%)                                             18 (10)                              14 (15)                                     0.23                        1.79 (0.76–4.17), 0.18
Rituximab, n (%)                                                   5 (3)                                  2 (2)                                       0.75                        1.13 (0.19–6.73), 0.89
Belimumab, n (%)                                                 3 (2)                                  1 (1)                                       0.69                                         –
Cyclophosphamide, n (%)                                     0 (0)                                  1 (1)                                      0.078                                        –

Values in bold face are statistically significant. Adjusted variables were age, hypertension (binary variable), waist circumference, diabetes, and triglycerides.
Two patients’ reclassification information was not available (n = 274). Data represent mean ± SD or median (IQR) when data were not normally distributed. 
* SLEDAI categories were defined as follows: 0 (no activity); 1–5 (mild); 6–10 moderate; > 10 (high or very high). SLE: systemic lupus erythematosus; CV:
cardiovascular; cIMT: carotid intima-media wall thickness; BMI: body mass index; CRP: C-reactive protein; LDL: low-density lipoprotein; DMARD:
disease-modifying antirheumatic drug; aCL: anticardiolipin antibodies; HDL: high-density lipoprotein; ANA: antinuclear antibodies; ENA: extractible nuclear
antibodies; SLEDAI: SLE Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage
Index; SLICC CV– : SLICC calculated without CV items; apoA: apolipoprotein A; IQR: interquartile range.   

Table 4. All subset logistic regression models for the prediction of reclassification in patients with SLE.

Variables                                                            OR (95% CI)                            p                   Optimal Cutoff                   Sensitivity, %                Specificity, %

Age, yrs                                                           1.15 (1.06–1.24)                      0.001                        51.9                                     60                                  86
Disease duration, yrs                                       0.99 (0.94–1.05)                       0.78                         23.9                                     40                                  82
Hypertension                                                   3.74 (1.45–9.68)                      0.006                                                                                                           
SLICC CV– > 0                                              1.07 (0.82–1.40)                       0.76                                                                                                            
C3, mg/dl                                                        1.01 (1.00–1.04)                      0.033                        127                                     52                                  92
Abdominal circumference, cm                       0.98 (0.95–1.02)                       0.37                         102                                     48                                  84
Triglycerides, mg/dl                                        1.00 (1.00–1.00)                       0.57                         140                                     68                                  79
Pseudo R2                                                                                       0.21                                                                                                                                                
AIC                                                                          114.7                                                                                                                                                   
BIC                                                                          137.5                                                                                                                                                   
AUC                                                                         0.852                                                                                                                                                   
Sensitivity                                                                 44.4                                                                                                                                                    
Specificity                                                                 97.0                                                                                                                                                    
pfitHL                                                                      0.118                                                                                                                                               

Values in bold face are statistically significant. SLE: systemic lupus erythematosus; CV: cardiovascular; AIC: Akaike information criterion; BIC: Schwarz
Bayesian criterion; AUC: area under the curve; pfitHL: Hosmer-Lemeshow goodness-of-fit; SLICC: Systemic Lupus International Collaborating
Clinics/American College of Rheumatology Damage Index; SLICC CV–: SLICC calculated without CV items.
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underestimated the proportion of patients at high risk for CV
disease32. Risk calculators recommended for patients with
RA including the EULAR 1.5 multiplier, the Expanded CV
Risk Prediction Score for RA, and QRISK2 did not predict
CV disease risk more accurately than CV risk calculators
developed for the general population32. This was also
reported in patients with axial spondyloarthritis in whom the
use of carotid US facilitated the identification of a high CV
risk. Indeed, these patients had previously been classified as
being at moderate CV risk when SCORE risk charts were
applied33. 
    Our study demonstrates that carotid US is also useful for
identifying patients with SLE at high CV risk. In our series,
only 6% of the patients met the definitions for high or very
high risk when the SCORE risk charts were applied. The
number of patients included in the categories of high or very
high CV risk increased to 37% when carotid US was
performed. Therefore, our findings support the use of carotid
US to identify patients with SLE at high risk of CV disease. 
    We observed that age, HTN, and TGC serum levels were
associated with an increased probability of patients with SLE
being reclassified in the regression analysis. Moreover,
disease-related data were also associated with an increased
probability of patient reclassification. In fact, in addition to
disease duration, we found that an SLICC > 0 and C3 serum
levels were factors that, after adjusting for traditional CV risk
factors, were associated with a high risk of reclassification.
Further, when we set up a predictive model on the probability
of being reclassified, we found that disease-related factors
such as disease duration, an SLICC CV– > 0, and C3 serum
levels when combined with age, HTN, TGC, and waist
circumference, were capable of explaining such reclassifi-
cation. This is of importance because these data show for the
first time, to our knowledge, that CV risk reclassification of
patients with SLE using carotid US can be attributed to the
damage caused by the disease. These findings reinforce the
concept that reclassification may not only be driven by the
presence of conventional CV risk factors. That is, the disease
itself or its interaction with genetic and traditional CV risk
factors along with chronic inflammation, may constitute the
key elements leading to the reclassification of patients with
SLE into the very high CV–risk category.
    Remarkably, in our study, complement serum levels were
found to be positively associated with reclassification into
the very high CV–risk category. It is widely known that the
cleavage of complement in tandem with the production of
breakdown products is characteristic of most patients with
active SLE. However, a similar positive association was
found in a longitudinal study of patients with SLE34. In this
study, C3 and C5a levels were identified as significant
independent predictors of cIMT progression after 2 years of
followup. Moreover, previous epidemiological studies
showed that this complement system is associated with the
development of atherosclerosis, while serum C3 and C4 levels

are linked to an increased risk of CV disease35,36,37,38,39. For
this reason, we believe that although SLE has been linked to
complement system consumption, its positive association
with atherosclerosis may be maintained. 
    It must be pointed out that comprehensive cardiometabolic
evaluations remain poorly integrated into the management of
patients with SLE, because of a limited awareness of the
problem, lack of appropriate clinical studies, and poor
strategies for CV risk reduction in SLE. For example, one
study demonstrated how only 17% of patients with SLE
believed that they were at high risk for developing coronary
disease within 5 years, when in fact 3 or more traditional risk
factors were present in 53% of those who had a mean age of
38 years40. For this reason, we believe that both patients with
SLE and the clinicians who treat them should be aware of the
importance of identifying high CV–risk patients and making
prevention of CV disease events a top priority. It is possible
that assessments to determine the presence of carotid plaques
could raise awareness of this problem in patients with SLE.
    To our knowledge, our study is the first to examine how
carotid US assessment permits the identification of patients
with SLE at high CV risk who had previously been classified
in categories of low and moderate CV risk when SCORE risk
charts were used. In such individuals, disease damage seems
to predict the presence of plaques, thereby facilitating the
accurate reclassification of these patients into the very high
CV–risk category. 
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