Optimal Monitoring For Coronary Heart Disease Risk
in Patients with Systemic Lupus Erythematosus:
A Systematic Review
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ABSTRACT. Objective. Premature coronary heart disease (CHD) significantly affects morbidity and mortality in
systemic lupus erythematosus (SLE). Several studies have detected factors influencing the athero-
sclerotic process, as well as methods to quantify the atherosclerotic burden in subclinical stages. The
aim of this systematic review was to identify the minimum investigations to optimally monitor CHD
risk in SLE.

Methods. English-restricted literature review was performed using PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines through Ovid Medline, Embase, and
Cochrane Central databases, from inception until May 2014 (Medline until October 2014). Specific
search terms included, among others, “SLE,” “atherosclerosis,” “CHD,” “myocardial ischemia,”
“acute coronary syndrome,” “myocardial infarction,” and “angina pectoris.” We identified 101 eligible
articles, 23 with cardiovascular events (CVE) as endpoints and 78 with measures of subclinical athero-
sclerosis. The Newcastle-Ottawa scale was used for quality assessment.

Results. Certain traditional and disease-specific factors were identified as independent predictors for
CHD. Among the former were age (particularly postmenopausal state), male sex, arterial hypertension,
dyslipidemia, and smoking. Disease activity and duration, cumulative damage, antiphospholipid
antibodies, high sensitivity C-reactive protein, and renal disease were the most consistent
disease-related factors. Corticosteroids were linked to increased CHD risk whereas antimalarials were
protective. Concerning imaging techniques, carotid ultrasonography (intima-media thickness and
plaque) was shown to independently predict CVE.

Conclusion. Premature CHD in SLE is multifactorial; modifiable variables should be monitored at
frequent intervals to ensure prompt management. Disease-specific factors also affect the atherogenic
process and should be evaluated regularly. Carotid ultrasonography may hold promise in predicting
CVE in selected high-risk patients. (First Release November 15 2015; J Rheumatol 2016;43:54—-65;
doi:10.3899/jrheum.150460)
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Accelerated atherosclerosis leading to coronary heart disease
(CHD) represents one of the major causes of death in

From the University of Toronto Lupus Clinic, Centre for Prognosis Studies
in the Rheumatic Diseases, University Health Network, Toronto Western
Hospital, Toronto, Ontario, Canada.

K. Tselios, MD, PhD, Clinical Research Fellow, University of Toronto
Lupus Clinic, Centre for Prognosis Studies in the Rheumatic Diseases,
University Health Network, Toronto Western Hospital; B.J. Sheane, MD,
MB, BSc, BAO, Clinical Research Fellow, University of Toronto Lupus
Clinic, Centre for Prognosis Studies in the Rheumatic Diseases, University
Health Network, Toronto Western Hospital; D.D. Gladman, MD, FRCPC,
Professor of Medicine, Senior Scientist, University of Toronto Lupus
Clinic, Centre for Prognosis Studies in the Rheumatic Diseases, University
Health Network, Toronto Western Hospital; M.B. Urowitz, MD, FRCPC,
Professor of Medicine, Senior Scientist, University of Toronto Lupus
Clinic, Centre for Prognosis Studies in the Rheumatic Diseases, University
Health Network, Toronto Western Hospital.

Address correspondence to Dr. Murray B. Urowitz, University of Toronto
Lupus Clinic, Centre for Prognosis Studies in the Rheumatic Diseases
Toronto Western Hospital, 399 Bathurst St. 1E-410B, Toronto, Ontario,
MS5T 288, Canada. E-mail: m.urowitz@utoronto.ca

Accepted for publication August 28, 2015.

systemic lupus erythematosus (SLE); the standardized
mortality ratio attributable to cardiovascular disease (CVD)
was the only one that did not diminish over time!. Since the
initial description of the bimodal pattern of mortality in SLE
by Urowitz, et al?, 1arge epidemiological studies have demon-
strated that atherosclerotic CHD significantly affects patients
with SLE3#. The relative risk for myocardial infarction (MI)
in premenopausal female patients was estimated to exceed
50-fold that of age-matched healthy controls. Patients with
SLE aged 20-39 years had a 16-fold increase risk of death
from CHD in a population-wide study from Sweden®.
Increased morbidity for CHD has been confirmed even
during the first year after diagnosis (relative risk for MI =
5)7, as well as 2 years preceding diagnosis®.

The pathophysiology of premature atherosclerosis in SLE
is incompletely understood and involves a complex interplay
between traditional and disease-related risk factors®-1°.
Among the latter, SLE itself confers the greater risk for
premature CHD; and disease activity, cumulative damage,
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autoantibodies, soluble inflammatory factors, and medica-
tions seem to be involved as well'l. Nevertheless, the impor-
tance of traditional risk factors cannot be underestimated
because early detection and management may improve
longterm prognosis.

Despite the incorporation of SLE in the “at risk” category
for CVD by the American Heart Association!2, rheuma-
tologists perform suboptimally in CV risk assessment in
immune-mediated diseases!314.

The aim of our systematic review was to provide guidance
for guide-practicing clinicians in using evidence-based inves-
tigations (predictive and/or diagnostic, laboratory, and
imaging) in assessing CHD risk in SLE. The specific question
addressed was: “What are the minimum investigations to
optimally monitor the risk of atherosclerotic heart disease in
an SLE patient?”

MATERIALS AND METHODS

A systematic literature review was performed using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines'>
through Ovid Medline, Embase, and the Cochrane Central databases from
inception (1946) until the third week of May 2014 (Medline until the end of
October 2014).

Specific search terms included, among others, “lupus,
erythematosus,” “atherosclerosis,” “arteriosclerosis,” “atheroma,” “coronary
heart disease,” “coronary artery disease,” “myocardial ischemia,” “acute
coronary syndrome,” “myocardial infarction,” “angina pectoris,” “myocardial
perfusion,” “congestive heart failure,” “cardiac arrest,” and “cardiac death”.

Literature search was restricted to English language, and 5775 relevant
articles were identified. After duplicates were removed, 5178 articles
remained. At a second stage, review articles, non-human studies, case reports
and series, pathogenetic studies, and nonatherosclerotic CV manifestations
in SLE (i.e., neonatal lupus, pericarditis, valvular disease, antiphospholipid
syndrome, primary conduction disorders) were excluded. At a third stage,
262 articles were screened by abstract and/or full text, following predefined
quality requirements. These included (1) variable evaluation for a clinical CV
event (CVE) or a surrogate [endothelial dysfunction, arterial stiffness, arterial
intima-media thickness (IMT), plaque formation, myocardial perfusion abnor-
malities, coronary artery calcification (CAC), coronary angiography] ather-
osclerotic endpoint, (2) at least 100 patients for CVE and 25 for surrogate
markers, and (3) multivariate statistical analysis. Two independent reviewers
assessed all articles; upon disagreement, final decision was reached through
discussion with a third reviewer. The Newcastle-Ottawa scale was applied;
studies with 6 or more stars were included.

Finally, 101 articles were considered eligible, 23 studies with clinical
endpoints (CVE)3:16-25.26-35.3637 and 78 studies with subclinical atheroscle-
rosis endpoints. Thirty studies used carotid or femoral artery Doppler ultra-
sound38-4748-57.58-67 19 CAC computed tomography (CT)37:68-77.78.79.80 81,
82838485 9 pulse wave velocity (PWV)-augmentation index3862.80.86.87.88,
89.90.91 "9 brachial artery flow-mediated dilatation (FMD)00-87:92.93.94.95.
96.97.98 "6 myocardial scintigraphy8!:99-100.101.102.103 '3 cardiac magnetic
resonance imaging (MRI)!%+195 and 3 coronary angiography!0!-196.107 Their
reference lists were hand-searched, and no eligible article was further
identified. Figure 1 depicts the article retrieval process.
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RESULTS

Since atherosclerosis is a multifactorial, time-dependent
process, only variables proved to be independent predictors
for clinical or surrogate endpoints after multivariate analysis
are reported.

Records identified through database

searching
n=5775
Records after duplicates removed Records
and screened by title and/or abstract excluded
n=5178 n=4916
Record
Records screened by abstract eoores
excluded
and/or full text _
n=161
n=262

|

Eligible full-text articles
n=101

Figure 1. Flow chart of the article retrieval process.

Traditional Risk Factors

Nonmodifiable risk factors. Age, particularly over 48 years
or postmenopausal state, was a significant independent
predictor for CHD events (HR 1.04-5.1 for all age groups)*
and endothelial dysfunction®®7, arterial stiffness (HR
1.13)%8:6287.8990 " arterial wall thickening and/or plaque
formation (HR 1_11_4_1)38,39,40,41,42,44,45,46,48,50,52,53,55,56,58,
39.60,62,63,64,65.66.67 ° CAC or noncalcified plaques (HR
1.08-8.5)69-72,75.76,77.8384.85 "and angiographically defined
plaques (HR 2.22)106.107,

Positive family history, defined by the presence of a CVE
in a first-degree relative under age 55 years for men or 65
years for women, was an independent risk factor for CVE
(HR 3.6)1635, although it was not associated with increased
carotid IMT and plaque formation38:444546,51,55,59.62,65
CAC7476.78.84 "and angiographic findings'%°.

Male sex was a strong predictor for CVE (HR
1.56-6.2)10:23.27.28.2935 a5 well as aortic stiffness?, athero-
sclerotic plaques in the carotid and femoral arteries (HR
8.78)*8, CAC%, and angiographic findings (HR 2.38)!06.
Modifiable risk factors. Obesity is a well-recognized risk
factor for both CVE3> and subclinical atherosclerosis in
patients with SLE. Patients with SLE with body mass index
(BMI) > 30 demonstrated endothelial dysfunction, assessed
by brachial artery FMD?, increased carotid IMT and plaque
formation (HR 1.06-6.16)*1:33:61.6566 and CAC7380. Also,
an abnormal waist-to-hip ratio was predictive of increased
carotid IMT®*. Obesity was among the major predictors of
IMT progression over 3 years in pediatric patients with
SLES!.

Arterial hypertension (HTN), defined as systolic blood
pressure (BP) > 140 mmHg and/or diastolic BP > 90 mmHg,
was found to be independently (HR 1.05-3.5) associated with
increased rates of CVE!6:17.18.27.32.34.3536 Ryrther, it was
related to impaired endothelial dysfunction®*¢ and arterial
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stiffness®28791 increased carotid IMT and plaque formation
(HR 1.04-3.0)41:46,50.56,62.66 ' CAC76 and angiographically
proven CHD!97. HTN was an independent risk factor for
myocardial perfusion defects (HR 2.11-2.53)%9-102,

Diabetes mellitus (DM) was associated with adverse CVE
in 1 study (HR 1.5)27. However, increased insulin and
glucose levels, without a formal diagnosis of diabetes, have
been related to increased arterial stiffness (HR 1.54)%2, and
McMabhon, et al recently reported a 60-fold increase for
carotid IMT progression in patients with SLE with diabetes.
In addition, DM was independently related to CAC’>-82 and
a 4-fold increased risk of myocardial perfusion defects!02.

Total cholesterol (TC) was an independent predictor for
CVE (HR 3.9-6.9)>-1628:30.32 a5 well as subclinical athero-
sclerosis. In particular, an elevated TC was a risk factor for
increased carotid IMT and plaque formation (HR
1.2-3)*142.62 CAC’®, angiographic CHD (HR 1.89)!9¢, and
perfusion abnormalities (HR 2.51)%°. Time-adjusted TC
values may identify more precisely the increased CV risk of
patients with SLE since lipid values may fluctuate over time,
reflecting changes in disease activity and therapy?%.
Unexpectedly, low-density lipoprotein (LDL) was not an
independent factor for CVE, CAC, or angiographic CHD.
However, it was significantly related to increased carotid
IMT and plaque (HR 7.6)3404247  Low levels of
high-density lipoprotein (HDL) have been implicated in
CVE?®, endothelial dysfunction®”, myocardial perfusion
abnormalities (HR 3.86)!92, and carotid IMT and plaque (HR
4.8)* but not with coronary calcification. On the contrary,
elevated triglycerides were an independent predictor for CVE
(HR 1.15-8.00)2032 CAC®, and arterial stiffness®.

Proinflammatory HDL, not having the capacity of neutral-
izing LDL effects, was strongly associated (HR 9.1-12.8)
with increased carotid IMT and plaque formation®>-3¢. In
addition, oxidized LDL was independently related to
decreased small artery elasticity”’.

Metabolic syndrome was associated with increased carotid
IMT, CAC (HR 3.11)°797 and arterial stiffness®.

Elevated levels of homocysteine (HCY) were also related
to CAC%% and increased carotid IMT or plaque (HR
1 .24)42,59,60_

Smoking was associated with carotid plaque (HR 7.7)*8-,
CAC (HR 3.8)727678 ‘and CVE (HR 2.2-3.7)18222531.33.35
Traditional risk factors, which may independently predict
clinical or subclinical CHD, are presented in Table 1.

Disease-related Risk Factors

Disease activity, cumulative damage, and disease duration.
Disease activity, assessed by composite indices such as the
SLE Disease Activity Index (SLEDAI) and European
Consensus Lupus Activity Measurement (ECLAM), was signifi-
cantly associated with CVE (HR 1.05-1.2)!6:17:2326.27.28.32
increased arterial stiffness8088  increased carotid IMT and
plaque formation®?, and CAC (HR 12.3)%. Cumulative

damage, assessed by the Systemic Lupus International
Collaborating Clinics (SLICC) Damage Index, was strongly
related to CVE (HR 1.3-4.1)16-22.29 endothelial dysfunc-
tion8?, carotid IMT and plaque (HR 1 7)A1:49.52.65.66 and CAC
(HR 1.2)%3. Likewise, disease duration was an independent
predictor of CVE (HR 1.10-1.45)23-31 arterial stiffness®?,
small artery elasticity?’, increased carotid IMT and
plaque (HR 1.7-3.2)45-3359.60646566.67  and CAC (HR
1.2-15.1)83:8485,
Autoantibodies. Anticardiolipin antibodies (aCL) were
independent predictors of CVE (HR 3.1-5.8)16:17.21.22.31,
likewise, they were associated with myocardial perfusion
defects (HR 4.1)8!, carotid plaques (HR 5.2)3%, and coronary
calcifications®!. Anti-B2 glycoprotein I (GPI) antibodies were
associated with CVE (HR 3.4)2!-22 and coronary calcifica-
tions®!, but not with carotid plaques or endothelial dysfunc-
tion. Lupus anticoagulant was related to CVE (HR 1.74)%7,
carotid plaque (HR 5.2)3%, and coronary calcifications (HR
4.4)81 Other antiphospholipid epitopes, such as anti-oxPAPC
(oxidized palmitoyl arachidonoyl phosphocholine), were
identified as risk factors for carotid IMT and plaque
formation (HR 1.06)*. Low levels of natural immuno-
globulin M (IgM) antiphosphorylcholine antibodies were
related to increased carotid IMT and plaque formation3%-108,
Anti-dsDNA autoantibodies were associated with CVE
(HR 1.56)%7 and noncalcified coronary plaques’”.

Soluble inflammatory mediators. High-sensitivity C-reactive
protein (hsCRP)?2-2931 "as well as specific alleles!®, confer
an increased risk for CVE (HR 1.6-3.4). In addition, it was
an independent predictor of endothelial dysfunction®® and
increased arterial stiffness?, carotid IMT and plaque (HR
3)405153.62.66 " and coronary calcification presence and
severity (HR 1.65-4.15)747682 Complement fragment C3
was associated with increased risk for arterial stiffness®2,
increased carotid IMT#0:%0_ and CAC’8.

Tumor necrosis factor (TNF)-like weak inducer of
apoptosis increased risk for carotid IMT and plaque by
29-fold (levels > 373 pg/ml)>>; interleukin 6 was related to
CAC (HR 1.07)%8; vascular endothelial growth factor to
increased carotid IMT*? and coronary calcification®2. TNF-a,
vascular cell adhesion molecule, E-selectin, and intercellular
adhesion molecule 1 were associated with coronary calcifi-
cations’#82_ In contrast, low transforming growth factor-p31
was related to increased IMT!9?. Type I interferons were
independently associated with increased carotid IMT and
severity of coronary calcification’3.

Adipocytokines were introduced as potential athero-
sclerosis risk factors; leptin (particularly > 34 ng/dl)
conferred an increased risk for carotid IMT and plaque®-°.
Finally, uric acid was an independent predictor of coronary

calcification’?.

Specific disease phenotypes and comorbidities. Renal disease
was implicated in increasing CVD risk; renal impairment was
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Table 1. Studies identifying traditional (modifiable and nonmodifiable) risk factors with an independent predictive ability for CVE or surrogate atherosclerosis
measures in patients with SLE. For each endpoint, the respective HR range is shown. Values shown for atherosclerosis variables indicate reference numbers.

Variable FMD HR PWV HR CP, IMT HR CAC HR SPECT HR CA HR CVE HR
Age, yrs 96,97 58,62,87, 1.13 38,39,41, 1.11-41 69,72, 1.08-8.5 106,107 222 Reviewed 1.04-5.1
89,90 42,44-46,48, 75717, in reference
50,52, 53,55, 83-85 4
56, 58-60, 6267
Positive family history 16, 35 3.6
Male 90 48 8.78 69 106 2.38 16,23, 1.56-62
27-29,35
BMI > 30 87 18 41,53,61,65,66 1.06-6.16 75,80 35
Waist-to-hip ratio 61,64
Arterial HTN 94, 96 62,87,91 41,46, 50, 1.04-3 76 99,102 2.11-2.53 107 16-18,27, 1.05-3.5
56,62, 66 32,34-36
DM 62 1.54 55 60 75,82 102 4 27 15
TC 41,42,62 12-3 76 99 251 106 1.89 5,16,28, 39-69
30,32
LDL 39,40,42,47 7.6
HDL 87 47 4.8 102 3.86 36
piHDL 55,56 9.1-12.8
TG 58 69 20,32 1.15-8
oxLDL 97
Metabolic syndrome 90 57 67 3.11
HYC 42,59, 60 1.24 69, 85 71
Smoking 48,56 77 72,76,78 3.8 18,22,25, 22-3.7
31,33,35

CVE: cardiovascular events; SLE: systemic lupus erythematosus; FMD: flow-mediated dilatation; PWV: pulse wave velocity; CP: carotid plaque; IMT:
intima-media thickness; CAC: coronary artery calcification; SPECT: single photon emission computed tomography; CA: coronary angiography; BMI: body
mass index; HTN: hypertension; TC: total cholesterol; DM: diabetes mellitus; LDL: low-density lipoprotein; HDL: high-density lipoprotein; piHDL: proin-

flammatory HDL; TG: triglycerides; oxLDL: oxidized LDL; HYC: homocysteine.

an independent predictor of CVE (HR 1.2-6.8)19-2736.37,
increased aortic stiffness (HR 7.5)2, and increased carotid
IMT and plaque**-0, even in pediatric patients with SLE®!.
Creatinine levels > 110 mmol/l were associated with a
16.4-fold increase of coronary calcification’®8. Proteinuria
was related to CVE (HR 2.4)3¢37 and increased carotid IMT
and plaque®?93-%4. Neuropsychiatric involvement was
associated with CVE (HR 2.2-5.2)16:18:2433 T eykopenia was
related to increased aortic stiffness®2, while lymphopenia
predicted CVE2* and was related to the presence and
progression of carotid IMT?!. Comorbidities, such as low
bone mineral density and depression (HR 3.85), conferred
increased risk for CAC83-110,

The role of commonly used medications. High doses of
steroids, either as cumulative or current dose, were
independent predictors for CVE (HR 2.5)202736 increased
carotid IMT and plaque formation (HR 1.1)402361 coronary
calcifications (HR 2.3)7882 and increased arterial stiffness®!.
Azathioprine use was also associated with CVE (HR 1 45)31
and increased carotid IMT and plaque (HR 3.8)3861 In
general, use of immunosuppressives was related to increased
rate of CVE (HR 1.7)32. In contrast, hydroxychloroquine was
protective against CVE (HR 0.77)%7-28-37,

Disease-related risk factors with independent predictive

ability for clinical and subclinical atherosclerotic vascular
disease are shown in Table 2.

Imaging Studies

FMD of the brachial artery. Impaired FMD was shown to be
an independent predictor for future CVE in the general
population!!. Most studies in SLE have assessed FMD using
widely accepted guidelines!!?113_ although measurement
reproducibility has been questioned!!4.

A recent metaanalysis of 22 relevant studies demonstrated
that FMD was significantly reduced in SLE in comparison
with healthy controls!!>. FMD was inversely correlated to
carotid IMT% and associated with traditional and
disease-related CV risk factors®7:94.95.96.97 However, other
investigators have not found significant correlations, except
for the presence of SLE?28 Tts predictive ability for clinical
CHD has not been investigated in patients with SLE.

Pulse wave velocity. PVW analysis and the derivative
variable augmentation index quantify arterial stiffness and
independently predict future CVE in the general popula-
tion!1%; technique details for carotid-femoral PWV have been
published elsewhere!!”. Most studies in patients with SLE
were cross-sectional in design and confirmed the association
of increased PWV with traditional and disease-related risk
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Table 2. Studies identifying SLE-related risk factors with an independent predictive ability for CVE or surrogate atherosclerosis measures. For each endpoint,

the respective HR range is shown. Values shown for atherosclerosis variables indicate reference numbers.

Variable FMD HR PWV HR CP, IMT HR CAC HR SPECT HR CA HR CVE HR
Disease activity 86, 88 52 84 12.3 16,17,23, 1.05-1.2
26-28, 32
Cumulative 89 41,49,52, 1.7 83 1.2 16,22,29 1.3-4.1
damage 65, 66
Disease duration 97 90 45,53,59, 1.7-32 83-85 1.2-15.1 23,31 1.1-145
60, 64-67

aCL 38 52 81 81 4.1 16,17,21, 3.1-5.8
22,31

Anti-2GPI 81 21,22 34

LA 38 52 81 44 27 1.74

Anti-oxPAPC 46 1.06

Anti-dsDNA 77 27 1.56

hsCRP 95 90 40,51, 53, 3 74,76, 1.65-4.15 22,29,31 1.6-34

62,66 82

C3 62 60 78

TWEAK 55 29

1IL-6 68 1.07

VEGF 43 82

TNF-a 82

VCAM-1 82

ICAM-1 74,82

E-selectin 82

TGF-p1 109

Type I IFN 73 73 73

Leptin 55,56

Uric acid 72

Renal disease 62 7.5 50,61 78,85 164 19,27, 12-6.8
36,37

Proteinuria 50, 63, 64 36,37 24

Neuropsychiatric SLE 16,18, 22-52
24,33

Leukopenia 62

* Noncalcified coronary plaques. SLE: systemic lupus erythematosus; CVE: cardiovascular events; FMD: flow-mediated dilatation; PWV: pulse wave velocity;
CP: carotid plaque; IMT: intima-media thickness; CAC: coronary artery calcification; SPECT: single photon emission computed tomography; CA: coronary
angiography; aCL: anticardiolipin antibodies; anti-32GPI: anti-p2 glycoprotein I; LA: lupus anticoagulant; anti-oxPAPC: antioxidised palmitoyl arachinodoyl
phosphocholine; hsCRP: high sensitivity C-reactive protein; C3: complement factor 3; TWEAK: tumor necrosis factor-related weak inducer of apoptosis; IL-6:
interleukin 6; VEGF: vascular endothelial growth factor; TNF-a.: tumor necrosis factor-a; VCAM-1: vascular cell adhesion molecule 1; ICAM-1: intercellular
adhesion molecule 1; TGF-B1: transforming growth factor-p1; IFN: interferon.

factors>8:62.80.86.87.88.89.90.91 Ttg predictive value for future
CVE has not been tested in SLE.

Carotid IMT and carotid plaque. Increased carotid IMT and
plaque formation occur at a later stage of the atherosclerotic
process and are characterized by restricted reversibility
potential. Ultrasonography assessment improved the
predictive ability for CVD risk!!8:!19; however, precise
standardization was still lacking, leading to significant
discrepancies'??. Nevertheless, carotid IMT and plaque
evaluation was considered less expensive, easy to perform
by trained physicians, and well tolerated by patients'?!.
Carotid IMT was strongly associated with traditional as
well as disease-related risk factors in SLE38-4748-57.58-67 The
precise mean IMT in patients with asymptomatic SLE ranged
from 0.37 mm% to 0.89 mm*’, raising questions as to the

definition of a “normal” IMT threshold. In longitudinal
studies, IMT progressed in 28% to 40% of the patients in
20-34 months#3-39:00:61  Fuyrther, increased carotid IMT was
an independent predictor of future CVE (HR 1.35 after 8 yrs
of followup)*.

The assessment of carotid plaque was shown to be a more
accurate predictor of CVE in the general population'?; in
patients with SLE, plaque detection rate ranged from 7% to
509 38:40.41.43.44.45.46,59,60,62,65.67 Tp 1 longitudinal study,
carotid plaque frequency was increased from 20% to 24% of
the patients in 2 years®”. Regarding its predictive ability,
Eder, et al showed that total plaque area was more strongly
associated with clinical CHD than carotid IMT (HR 9.55 vs
2.02, respectively) in 103 patients*’. Further, Kao, et al
demonstrated a 4.26-fold increased risk for CVE in 392
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patients with SLE with carotid plaque®*. In addition, the
concurrent presence of carotid and femoral plaques was a
better predictor for CVE than carotid plaque alone (HR
5.92)%8,

CAC evaluation. CAC evaluation, quantified with the
Agatston score, achieved further risk stratification!23-124,
Potential pitfalls, besides radiation, were the technique’s
inability to evaluate noncalcified plaques or plaque stability.

Several reports evaluating CAC in patients with SLE
showed significant correlations with traditional and
disease-related risk factorsd7:08-77.78.79.80.81.82.83.84.85 The
prevalence of CAC ranged from 7% to 48%7484. The disease
itself conferred a significant risk for CAC presence (HR
7.7-9.8)%9:84 Most of those studies were cross-sectional and
not designed to assess the method’s predictive ability; never-
theless, in 1 prospective study, 20% of the patients demon-
strated an increase of CAC scores after 2 years76. In addition,
Kiani, er al showed that noncalcified coronary plaques,
considered to be more prone to rupture, could be detected in
nearly all patients with CAC and in half the patients without
CAQC; their presence was related to age and anti-dsDNA
antibodies’”.

Mpyocardial perfusion evaluation with single photon emission
computed tomography (SPECT). Myocardial SPECT is a
reliable method for assessing myocardial perfusion in the
general population; when appropriately selected, perfusion
defects confer a 3.7-fold increased risk for MI and cardiac
death!23 In SLE, limited studies have revealed significant
associations between perfusion defects and traditional and
disease-related risk factors, including age (postmeno-
pausal status), arterial HTN, dyslipidemia, disease activity,
cumulative damage, and the presence of antiphospholipid
antibodies81:99:100.102 " The prevalence of perfusion
defects ranged from 28-58%, while the pattern of abnor-
malities included reversible, permanent, and combined
defects®!:99.100,101,102,103 Nikpour, et al showed that
perfusion abnormalities confer a significant (HR 13) risk for
CVE after a followup of 8.7 years'%, whereas in a smaller
study, no minor or major CVE development was reported
after 40 months!03. However, later studies showed that there
was poor agreement between SPECT and coronary angio-
graphy, since about two-thirds of patients with perfusion
defects had normal angiograms!0!.

Novel methods, such as 13N-ammonia positron emission
tomography, may detect myocardial ischemia -earlier;
however, given their cost, results should be confirmed in
larger trials'20.

MRI. Cardiac MRI primarily aims to visualize microvascular
disease. The method’s predictive ability has been confirmed
in the general population with an increased incidence of MI
(HR 7.7) and CV death (HR 7)!?7. Limited data in SLE
suggested that there may be a considerable frequency of
perfusion defects in the absence of obstructive CHD!04,
Cardiac MRI findings suggested CHD in patients with SLE

and the method could detect more ventricular wall abnormal-
ities than conventional transthoracic echocardiogram!%.
Patients with SLE demonstrated a diffuse pattern of coronary
artery wall contrast enhancement (reflecting generalized
vascular inflammation), while patients with conventional
CHD had a patchy distribution of the lesions!28.

Coronary angiography. Coronary angiography is considered
the “gold standard” for diagnosis of flow-restricting CHD.
Kaul, er al, in a retrospective study of 86 patients, demon-
strated that patients with SLE had comparable coronary
atherosclerotic burden with controls, although they were 20
years younger and had half the incidence of DM and dyslipi-
demia!®. Even though 10% of the patients were receiving
hemodialysis at the time of catheterization, SLE was an
independent predictor of symptomatic CHD (HR 2.24).
Additional predictive factors were age (HR 2.22), male sex
(HR 2.38), and dyslipidemia (HR 1.89). Previously, Sella, et
al had shown that postmenopausal status, HTN, and the mean
number of traditional CHD risk factors were associated with
more severe angiographic findings'%7.

Composite CV risk scores

Composite scores, such as the Framingham risk score (FRS)
and the Systematic Coronary Risk Evaluation (SCORE),
have been used to predict longterm CV risk in the general
population; however, their value in SLE is questionable. In a
cross-sectional study, using CAC as an endpoint, FRS and
PDAY (Pathobiological Determinants for Atherosclerosis in
the Youth, a modified score for younger patients) did not
differ between patients with SLE and controls!2?, Urowitz,
et al showed that a multiplication of FRS by 2 more
accurately predicts CV risk in patients with SLE'30. On the
other hand, SCORE was shown to independently predict
increased carotid IMT#4,

DISCUSSION

Several traditional and disease-related risk factors were
identified to decisively affect CV risk in patients with SLE;
moreover, certain imaging techniques hold promise in further
improving risk stratification.

Traditional risk factors included age (in particular
postmenopausal status), male sex, positive family history for
premature CHD, obesity, arterial HTN, DM, dyslipidemia,
metabolic syndrome, hyperhomocysteinemia, and smoking.
The majority of these factors have been reported with
increased frequency in patients with SLE!3!. Further, disease
characteristics, such as activity and medications used, can
substantially affect their severity!32. Concerning HCY, its
high serum levels are thought to be an important predictor
for CVE in the general population. In addition, hyperhomo-
cysteinemia correction with folic acid is protective against
cerebrovascular disease!33. In the context of SLE, in which
many factors may contribute to elevated HCY levels (renal
impairment, various medications), its assessment and
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treatment seems reasonable. However, no studies have shown
HCY to be an independent predictor for CVE in patients with
SLE.

Identified disease-related risk factors included overall
disease activity, cumulative damage, disease duration,
antiphospholipid (lupus anticoagulant, aCL, anti-32GPI) and
anti-dsDNA antibodies, hsCRP, the presence of renal disease,
neuropsychiatric involvement, corticosteroids, and the use of
immunosuppressives. Overall disease activity was evaluated,
in most studies, with the use of composite indices, such as
SLEDAI or ECLAM; cumulative damage, on the other hand,
was assessed by the SLICC Damage Index. Certain other
factors, such as renal and neuropsychiatric involvement,
hsCRP, and anti-dsDNA antibodies, as well as corticosteroids
and immunosuppressives, are thought to reflect disease
activity. These complex interactions lead to a cumulative
inflammatory load, consisting of several soluble mediators
of the inflammatory cascade, which (along with cortico-
steroids) naturally affect the severity of traditional risk
factors, such as HTN, dyslipidemia, and glucose metabolism.
However, existing evidence for these soluble mediators
comes from solitary studies; restrictions in measurement
standardization and commercial availability do not allow
their evaluation for CHD risk in routine practice.

Concerning imaging techniques, only carotid artery
Doppler ultrasound, with IMT and total plaque assessment,
was shown to independently predict CVE*’»*. From the other
imaging modalities, none has been tested against CVE. In
this context, FMD of the brachial artery and PWYV analysis

should not be evaluated routinely; further studies to inves-
tigate their predictive ability for CVE in the longterm are
warranted, since both methods assess a relatively reversible
stage of the atherosclerotic process. As for myocardial
perfusion evaluation with SPECT or MRI, existing evidence
is scarce and inconclusive; routine performance of both tests
seems unjustified. Several studies have investigated CAC in
patients with SLE; none assessed its predictive ability for
CVE. Given the technique’s pitfalls, other CT-based methods,
such as coronary CT angiography, may be more reliable in
assessing CHD severity. However, it could be used in
selected patients to further clarify the need for more
aggressive investigations. Finally, invasive coronary angio-
graphy should not be performed in the absence of typical
signs and symptoms of CHD.

Composite indices have not proven their ability to identify
CVD risk in patients with SLE. Therefore, their routine use
is not justified. However, modification of these scores (to
include the peculiar characteristics of SLE) may lead to
improvement in the longterm.

Based on the aforementioned evidence, Table 3 sum-
marizes the minimum investigations for CHD risk monitoring
in patients in SLE.

Initial CV risk assessment should include all traditional
risk factors, such as demographic data, BMI, lipid profile, BP
assessment, fasting glucose, smoking habits, and HCY. The
frequency of reassessment has not been clarified precisely,
but given the variability of these variables (reflecting alter-
ations in disease activity and medications used)!3!, a frequent

Table 3. Recommended investigations and followup for optimal monitoring CHD risk in patients with SLE.

Variable Frequency of Assessment

Followup

Demographic data (age, sex, family history, Initial evaluation
BMI, smoking habits)

Blood pressure

Fasting glucose

Lipid profile (TC, HDL, LDL, TG)

Homocysteine

Disease activity

At each clinic visit
At each clinic visit
At each clinic visit
Annually?

At each clinic visit

Cumulative damage Annually
Antiphospholipid antibodies Initially
hsCRP At each clinical visit

Renal disease
clinic visit
Medications Review at each clinic visit

Carotid IMT and plaque assessment

Serum creatinine and urinalysis at each

In patients with > 1 classic risk factor, or

As needed

3-6 mos, more stringently if arterial HTN
3-6 mos, more stringently if DM (add HbAlc)
3-6 mos

3-6 mos, use of an accepted composite index is recommended.
Anti-dsDNA antibodies and complement C3 and C4 levels should
be included

Use of an accepted index, like SLICC, is recommended

If positive, annual reevaluation. Anticardiolipin, anti-32GPI,

and LA should be included

24-h urine protein and other investigations, if indicated
HCQ should be encouraged, corticosteroid usage to be minimized

accordingly to disease activity control
Assessment of total plaque area is recommended

postmenopausal status or renal impairment

Other imaging techniques As needed

CHD: coronary heart disease; SLE: systemic lupus erythematosus; BMI: body mass index; TC: total cholesterol; HDL: high-density lipoprotein; LDL:
low-density lipoprotein; TG: triglycerides; hsCRP: high sensitivity C-reactive protein; IMT: intima-media thickness; HTN: hypertension; DM: diabetes mellitus
HbAlc: glycosylated hemoglobin Alc; C3: complement factor 3; C4: complement factor 4; SLICC: Systemic Lupus International Collaborating Clinics;
anti-P2GPIL: anti-p2 glycoprotein I; LA: lupus anticoagulant; HCQ: hydroxychloroquine.
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assessment (i.e., BP at every clinical visit, lipid profile every
3—-6 mos) seems justified.

Disease-related risk factors, such as hsCRP, add
prognostic value and should be assessed frequently (every
3-6 mos). Laboratory investigations, necessary for the
assessment of disease activity (such as C3, C4, and
anti-dsDNA antibodies), should be performed at each clinic
visit. Renal impairment and proteinuria should be assessed
at each clinic visit; in cases of impaired renal function,
patients should be monitored more strictly.

Antiphospholipid antibodies, mainly lupus anticoagulant,
aCL, and anti-B2GPI antibodies, should be assessed at
baseline and managed accordingly. The frequency of
reassessment has not been addressed yet; it seems reasonable
that yearly reevaluation (or more frequently in case of
positivity) would add to better risk stratification.

Carotid artery ultrasonography, assessing both IMT and
total plaque area, should be performed by trained personnel
in selected patients (i.e., those who have > 1 classic risk factor
and/or renal impairment).

Limitations of our present study include the inevitable
publication bias since positive (demonstrating a statistically
significant effect) studies are more likely to be published than
negative (showing little or no association) ones. Another
weakness is that studies in SLE and atherosclerosis usually
enroll a relatively small number of patients; in this context,
the importance of certain risk factors, such as DM, may be
underestimated. Lastly, since our study is not a metaanalysis,
only positive associations (derived after multivariable
analysis) are reported, without discretion for small and large
studies. In this context, negative associations might affect the
overall significance of a given variable. The restriction of
literature search in English language might have precluded
important studies; however, it has been reported that the
exclusion of non-English studies is unlikely to significantly
affect the results'34.

Future work needs to be done in certain areas of accel-
erated atherosclerosis in SLE. Longitudinal studies for the
assessment of the predictive ability of the various imaging
techniques, preferably those addressing the initial and poten-
tially reversible stages of atherosclerosis, are clearly
warranted. Further, the development of more accurate and
specific composite scores for CVE prediction in SLE would
be more than welcomed.

Traditional and disease-related atherosclerotic risk factors
are important predictors for CVE in patients in SLE. Their
documentation and frequent monitoring will facilitate risk
stratification and proper management, aiming to reduce CV
morbidity and mortality in SLE.

ACKNOWLEDGMENT
The authors would like to thank Ms. Melanie Anderson, librarian, for her
substantial contribution to literature search.

REFERENCES

1. Bernatsky S, Boivin JF, Joseph L, Manzi S, Ginzler E, Gladman
DD, et al. Mortality in systemic lupus erythematosus. Arthritis
Rheum 2006;54:2550-7.

2. Urowitz MB, Bookman AA, Koehler BE, Gordon DA, Smythe HA,
Ogryzlo MA. The bimodal mortality pattern of systemic lupus
erythematosus. Am J Med 1976;60:221-5.

3. Nikpour M, Urowitz MB, Gladman DD. Epidemiology of
atherosclerosis in systemic lupus erythematosus. Curr Rheumatol
Rep 2009;11:248-54.

4. Schoenfeld SR, Kasturi S, Costenbader KH. The epidemiology of
atherosclerotic cardiovascular disease among patients with SLE: a
systematic review. Semin Arthritis Rheum 2013;43:77-95.

5. Manzi S, Meilahn EN, Rairie JE, Conte CG, Medsger TA Jr,
Jansen-McWilliams L, et al. Age-specific incidence rates of
myocardial infarction and angina in women with systemic lupus
erythematosus: comparison with the Framingham Study. Am J
Epidemiol 1997;145:408-15.

6. Bjornadal L, Yin L, Granath F, Klareskog L, Ekbom A.
Cardiovascular disease a hazard despite improved prognosis in
patients with systemic lupus erythematosus: results from a Swedish
population based study 1964-95.J Rheumatol 2004;31:713-9.

7. Avina-Zubieta JA, Sayre EC, Kopec J. Risk of myocardial infarction
in patients with systemic lupus erythematosus: a population-based
study. Lupus 2013;22 Suppl:20.

8. Bartels CM, Buhr KA, Goldberg JW, Bell CL, Visekruna M,
Nekkanti S, et al. Mortality and cardiovascular burden of systemic
lupus erythematosus in a US population-based cohort. J Rheumatol
2014;41:680-7.

9. Bruce IN. ‘Not only...but also’: factors that contribute to accelerated
atherosclerosis and premature coronary heart disease in systemic
lupus erythematosus. Rheumatology 2005;44:1492-502.

10. Skaggs BJ, Hahn BH, McMahon M. Accelerated atherosclerosis in
patients with SLE—mechanisms and management. Nat Rev
Rheumatol 2012;8:214-23.

11. Nikpour M, Gladman DD, Urowitz MB. Premature coronary heart
disease in systemic lupus erythematosus: what risk factors do we
understand? Lupus 2013;22:1243-50.

12. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ,
Lloyd-Jones DM, et al. Effectiveness-based guidelines for the
prevention of cardiovascular disease in women—2011 update: a
guideline from the American heart association. Circulation
2011;123:1243-62.

13. Keeling SO, Teo M, Fung D. Lack of cardiovascular risk assessment
in inflammatory arthritis and systemic lupus erythematosus patients
at a tertiary care center. Clin Rheumatol 2011;30:1311-7.

14. Bruce IN, Gladman DD, Urowitz MB. Detection and modification
of risk factors for coronary artery disease in patients with systemic
lupus erythematosus: a quality improvement study. Clin Exp
Rheumatol 1998;16:435-40.

15. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC,
Toannidis JP, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Ann Intern Med
2009;151:W65-94.

16. Ballocca F, D’Ascenzo F, Moretti C, Omede P, Cerrato E, Barbero
U, et al. Predictors of cardiovascular events in patients with
systemic lupus erythematosus (SLE): a systematic review and
meta-analysis. Eur J Preven Cardiol 2014 Aug 19 (E-pub ahead of
print).

17. Bengtsson C, Ohman ML, Nived O, Rantapédd Dahlqvist S.
Cardiovascular event in systemic lupus erythematosus in northern
Sweden: incidence and predictors in a 7-year follow-up study.
Lupus 2012;21:452-9.

18. Bertoli AM, Vila LM, Alarcon GS, McGwin G, Edberg JC, Petri M,

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. |—

Tselios, et al: Optimal CV risk monitoring in SLE

61

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

et al. Factors associated with arterial vascular events in PROFILE: a
Multiethnic Lupus Cohort. Lupus 2009;18:958-65.

correlation of conventional and lupus-specific risk factors for
cardiovascular disease in Chinese systemic lupus erythematosus

19. Faurschou M, Mellemkjaer L, Starklint H, Kamper AL, Tarp U, patients. J Eur Acad Dermatol Venereol 2012;26:95-101.

Voss A, et al. High risk of ischemic heart disease in patients with 38. Ahmad Y, Shelmerdine J, Bodill H, Lunt M, Pattrick MG, Teh LS,
lupus nephritis. J Rheumatol 2011;38:2400-5. et al. Subclinical atherosclerosis in systemic lupus erythematosus

20. Goldberg RJ, Urowitz MB, Ibaiiez D, Nikpour M, Gladman DD. (SLE): the relative contribution of classic risk factors and the lupus
Risk factors for development of coronary artery disease in women phenotype. Rheumatology 2007;46:983-8.
with systemic lupus erythematosus. J Rheumatol 2009;36:2454-61. 39. Anania C, Gustafsson T, Hua X, Su J, Vikstrom M, De Faire U, et

21. Gustafsson J, Gunnarsson I, Borjesson O, Pettersson S, Moller S, al. Increased prevalence of vulnerable atherosclerotic plaques and
Fei GZ, et al. Predictors of the first cardiovascular event in patients low levels of natural IgM antibodies against phosphorylcholine in
with systemic lupus erythematosus - a prospective cohort study. patients with systemic lupus erythematosus. Arthritis Res Ther
Arthritis Res Ther 2009;11:R186. 2010;12:R214.

22. Gustafsson JT, Simard JF, Gunnarsson I, Elvin K, Lundberg IE, 40. Thompson T, Sutton-Tyrrell K, Wildman RP, Kao A, Fitzgerald SG,
Hansson LO, et al. Risk factors for cardiovascular mortality in Shook B, et al. Progression of carotid intima-media thickness and
patients with systemic lupus erythematosus, a prospective cohort plaque in women with systemic lupus erythematosus. Arthritis
study. Arthritis Res Ther 2012;14:R46. Rheum 2008;58:835-42.

23. [Ibafiez D, Gladman D, Urowitz M. Summarizing disease features 41. Bhatt SP,Handa R, Gulati GS, Sharma S, Pandey RM, Aggarwal P,
over time: II. Variability measures of SLEDAI-2K. J Rheumatol et al. Atherosclerosis in Asian Indians with systemic lupus
2007;34:336-40. erythematosus. Scand J Rheumatol 2006;35:128-32.

24. 1Inanc M. Risk factors for non-fatal cardiovascular disease in 42. Boucelma M, Haddoum F, Chaudet H, Kaplanski G,
systemic lupus erythematosus: multivariate analysis in a cohort of Mazouni-Brahimi N, Rezig-Ladjouze A, et al. Cardiovascular risk
306 patients. [Internet. Accessed October 7, 2015.] Available from: and lupus disease. Int Angiol 2011;30:18-24.
lup.sagepub.com/content/22/1_suppl/1 full pdf+html 43. Colombo BM, Cacciapaglia F, Puntoni M, Murdaca G, Rossi E,

25. Jolly M, Mikolaitis RA, Block JA, Petri M. Does cigarette smoking Rodriguez G, et al. Traditional and nontraditional risk factors in
affect disease phenotype in systemic lupus erythematosus? Arthritis accelerated atherosclerosis in systemic lupus erythematosus: role of
Rheum 2010;62 Suppl 10:765. vascular endothelial growth factor (VEGATS Study). Autoimmun

26. Karp I, Abrahamowicz M, Fortin PR, Pilote L, Neville C, Pineau Rev 2009;8:309-15.

CA, et al. Longitudinal evolution of risk of coronary heart disease in 44. de Leeuw K, Freire B, Smit AJ, Bootsma H, Kallenberg CG, Bijl M.
systemic lupus erythematosus. J Rheumatol 2012;39:968-73. Traditional and non-traditional risk factors contribute to the

27. Magder LS, Petri M. Incidence of and risk factors for adverse development of accelerated atherosclerosis in patients with systemic
cardiovascular events among patients with systemic lupus lupus erythematosus. Lupus 2006;15:675-82.
erythematosus. Am J Epidemiol 2012;176:708-19. 45. de Leeuw K, Smit AJ, de Groot E, van Roon AM, Kallenberg CG,

28. Nikpour M, Urowitz MB, Ibanez D, Harvey PJ, Gladman DD. Bijl M. Longitudinal study on premature atherosclerosis in patients
Importance of cumulative exposure to elevated cholesterol and with systemic lupus erythematosus. Atherosclerosis 2009;
blood pressure in development of atherosclerotic coronary artery 206:546-50.
disease in systemic lupus erythematosus: a prospective 46. Doria A, Shoenfeld Y, Wu R, Gambari PF, Puato M, Ghirardello A,
proof-of-concept cohort study. Arthritis Res Ther 2011;13:R156. et al. Risk factors for subclinical atherosclerosis in a prospective

29. Pons-Estel GJ, Gonzdlez LA, Zhang J, Burgos PI, Reveille JD, Vila cohort of patients with systemic lupus erythematosus. Ann Rheum
LM, et al. Predictors of cardiovascular damage in patients with Dis 2003;62:1071-7.
systemic lupus erythematosus: data from LUMINA (LXVIII), a 47. Eder L, Gladman DD, Ibafiez D, Urowitz MB. The correlation
multiethnic US cohort. Rheumatology 2009;48:817-22. between carotid artery atherosclerosis and clinical ischemic heart

30. Rahman P, Aguero S, Gladman DD, Hallett D, Urowitz MB. disease in lupus patients. Lupus 2014;23:1142-8.

Vascular events in hypertensive patients with systemic lupus 48. Frerix M, Stegbauer J, Kreuter A, Weiner SM. Atherosclerotic
erythematosus. Lupus 2000;9:672-5. plaques occur in absence of intima-media thickening in both

31. Toloza SM, Uribe AG, McGwin G Jr, Alarcon GS, Fessler BJ, systemic sclerosis and systemic lupus erythematosus: a
Bastian HM, et al. Systemic lupus erythematosus in a multiethnic duplexsonography study of carotid and femoral arteries and
US cohort (LUMINA). XXITII. Baseline predictors of vascular follow-up for cardiovascular events. Arthritis Res Ther
events. Arthritis Rheum 2004;50:3947-57. 2014;16:R54.

32. Touma Z, Gladman DD, Ibaiiez D, Urowitz MB. Ability of 49. Ghosh P, Kumar A, Kumar S, Aggarwal A, Sinha N, Misra R.
non-fasting and fasting triglycerides to predict coronary artery Subclinical atherosclerosis and endothelial dysfunction in young
disease in lupus patients. Rheumatology 2012;51:528-34. South-Asian patients with systemic lupus erythematosus. Clin

33. Urowitz MB, Ibafiez D, Gladman DD. Atherosclerotic vascular Rheumatol 2009;28:1259-65.
events in a single large lupus cohort: prevalence and risk factors. 50. Gustafsson JT, Urstad-Jensen K, Herlitz-Lindberg M, Moller S,

J Rheumatol 2007;34:70-5. Pettersson S, Larsson A, et al. Occurrence and associations of

34. Urowitz MB, Gladman DD. The SLICC inception cohort for atherosclerosis in SLE; a cross sectional study of 281 patients with
atherosclerosis. Curr Rheumatol Rep 2008;10:281-5. 281 individually matched population controls. Lupus 2013;22

35. Urowitz MB1, Gladman D, Ibafiez D, Bae SC, Sanchez-Guerrero J, Suppl:79.

Gordon C, et al. Atherosclerotic vascular events in a multinational 51. Huang YL, Chung HT, Chang CJ, Yeh KW, Chen LC, Huang JL.
inception cohort of systemic lupus erythematosus. Arthritis Care Lymphopenia is a risk factor in the progression of carotid
Res 2010;62:881-7. intima-media thickness in juvenile-onset systemic lupus

36. Wang XY, Tang XQ, Huang YJ, Chen WY, Yu XQ. Frequency of erythematosus. Arthritis Rheum 2009;60:3766-75.
established cardiovascular disease and its risk factors in Chinese 52. Jiménez S, Garcia-Criado MA, Tassies D, Reverter JC, Cervera R,
patients with systemic lupus erythematosus. Clin Rheumatol Gilabert MR, et al. Preclinical vascular disease in systemic lupus
2012;31:669-75. erythematosus and primary antiphospholipid syndrome.

37. Yang L, Tao J, Tang X, Wang Y, He X, Xu G, et al. Prevalence and Rheumatology 2005;44:756-61.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. |—

62 The Journal of Rheumatology 2016, 43:1; doi:10.3899/jrheum.150460

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kalim H, Tarigan C, Handono K, Wursito A. Correlation between
inflammation, disease activity, corticosteroid therapy with
atherosclerosis in systemic lupus erythematosus patients. [Internet.
Accessed October 7, 2015.] Available from:
onlinelibrary.wiley.com/doi/10.1111/1756-185X.12173/epdf

Kao AH, Lertratanakul A, Elliott JR, Sattar A, Santelices L, Shaw P,
et al. Relation of carotid intima-media thickness and plaque with
incident cardiovascular events in women with systemic lupus
erythematosus. Am J Cardiol 2013;112:1025-32.

McMahon M, Skaggs BJ, Grossman JM, Sahakian L, Fitzgerald J,
Wong WK, et al. A panel of biomarkers is associated with increased
risk of the presence and progression of atherosclerosis in women
with systemic lupus erythematosus. Arthritis Rheumatol
2014;66:130-9.

McMahon M, Skaggs BJ, Sahakian L, Grossman J, Fitzgerald J,
Ragavendra N, et al. High plasma leptin levels confer increased risk
of atherosclerosis in women with systemic lupus erythematosus, and
are associated with inflammatory oxidised lipids. Ann Rheum Dis
2011;70:1619-24.

Mok CC, Poon WL, Lai JP, Wong CK, Chiu SM, Wong CK, et al.
Metabolic syndrome, endothelial injury, and subclinical
atherosclerosis in patients with systemic lupus erythematosus.
Scand J Rheumatol 2010;39:42-9.

Parra S, Vives G, Ferré R, Gonzilez M, Guardiola M, Ribalta J, et
al. Complement system and small HDL particles are associated with
subclinical atherosclerosis in SLE patients. Atherosclerosis
2012;225:224-30.

Roman MJ, Crow MK, Lockshin MD, Devereux RB, Paget SA,
Sammaritano L, et al. Rate and determinants of progression of
atherosclerosis in systemic lupus erythematosus. Arthritis Rheum
2007;56:3412-9.

Rua-Figueroa I, Arencibia-Mireles O, Elvira M, Erausquin C, Ojeda
S, Francisco F, et al. Factors involved in the progress of preclinical
atherosclerosis associated with systemic lupus erythematosus: a
2-year longitudinal study. Ann Rheum Dis 2010;69:1136-9.
Schanberg LE, Sandborg C, Barnhart HX, Ardoin SP, Yow E, Evans
GW, et al. 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;60:1496-507.

Selzer F, Sutton-Tyrrell K, Fitzgerald SG, Pratt JE, Tracy RP, Kuller
LH, et al. Comparison of risk factors for vascular disease in the
carotid artery and aorta in women with systemic lupus
erythematosus. Arthritis Rheum 2004;50:151-9.

Shaharir SS, Mohamed Said MS, Kong NC. Predictors of thickened
carotid intima media thickness among well controlled lupus
nephritis patients in a Malaysian tertiary centre. Rheumatismo
2012;64:341-9.

Smrzova A, Horak P, Skacelova M, Hana C, Hermanova Z, Langova
K. Intima-media wall thickness and other atherosclerosis risk
factors in patients with systemic lupus erythematosus. [Internet.
Accessed October 7, 2015.] Available from:
lup.sagepub.com/content/19/1_suppl/1 full.pdf+html

Souza AW, Hatta FS, Miranda F Jr, Sato EI. Atherosclerotic plaque
in carotid arteries in systemic lupus erythematosus: frequency and
associated risk factors. Sao Paulo Med J 2005;123:137-42.

Zhang CY, Lu LJ, Li FH, Li HL, Gu YY, Chen SL, et al. Evaluation
of risk factors that contribute to high prevalence of premature
atherosclerosis in Chinese premenopausal systemic lupus
erythematosus patients. J Clin Rheumatol 2009;15:111-6.

Zhang M, Qi C, Cao L, Qian J, Ni Z. Metabolic syndrome is
correlated with carotid atherosclerosis in patients with lupus
nephritis. Am J Med Sci 2014;348:486-91.

Asanuma Y, Chung CP, Oeser A, Shintani A, Stanley E, Raggi P, et
al. Increased concentration of proatherogenic inflammatory

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

cytokines in systemic lupus erythematosus: relationship to
cardiovascular risk factors. J Rheumatol 2006;33:539-45.
Asanuma Y, Oeser A, Shintani AK, Turner E, Olsen N, Fazio S, et
al. Premature coronary-artery atherosclerosis in systemic lupus
erythematosus. N Engl J Med 2003;349:2407-15.

Baker JF, Morales M, Qatanani M, Cucchiara A, Nackos E, Lazar
MA, et al. Resistin levels in lupus and associations with
disease-specific measures, insulin resistance, and coronary
calcification. J Rheumatol 2011;38:2369-75.

Chung CP, Long AG, Solus JF, Rho YH, Oeser A, Raggi P, et al.
Adipocytokines in systemic lupus erythematosus: relationship to
inflammation, insulin resistance and coronary atherosclerosis.
Lupus 2009;18:799-806.

Enama JL, Gilkeson R, Scalzi L. Hyperuricemia is a predictor of
subclinical GVD in SLE patients but not in controls. [Internet.
Accessed October 7,2015.] Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y & NEWS=N&PAGE=
fulltext&D=emed9&AN=70381122

Somers EC, Zhao W, Lewis EE, Wang L, Wing JJ, Sundaram B, et
al. Type I interferons are associated with subclinical markers of
cardiovascular disease in a cohort of systemic lupus erythematosus
patients. PLoS One 2012;7:e37000.

Kao AH, Wasko MC, Krishnaswami S, Wagner J, Edmundowicz D,
Shaw P, et al. C-reactive protein and coronary artery calcium in
asymptomatic women with systemic lupus erythematosus or
rheumatoid arthritis. Am J Cardiol 2008;102:755-60.

Kiani AN, Magder L, Petri M. Coronary calcium in systemic lupus
erythematosus is associated with traditional cardiovascular risk
factors, but not with disease activity. J Rheumatol 2008;35:1300-6.
Kiani AN, Post WS, Magder LS, Petri M. Predictors of progression
in atherosclerosis over 2 years in systemic lupus erythematosus.
Rheumatology 2011;50:2071-9.

Kiani AN, Vogel-Claussen J, Arbab-Zadeh A, Magder LS, Lima J,
Petri M. Semiquantified noncalcified coronary plaque in systemic
lupus erythematosus. J Rheumatol 2012;39:2286-93.

Manger K, Kusus M, Forster C, Ropers D, Daniel WG, Kalden JR,
et al. Factors associated with coronary artery calcification in young
female patients with SLE. Ann Rheum Dis 2003;62:846-50.

Mok CC, Birmingham DJ, Leung HW, Hebert LA, Song H, Rovin
BH. Vitamin D levels in Chinese patients with systemic lupus
erythematosus: relationship with disease activity, vascular risk
factors and atherosclerosis. Rheumatology 2012;51:644-52.

Norby GE, Giinther A, Mjgen G, Andersen R, Dolgos S, Hartmann
A, et al. Prevalence and risk factors for coronary artery calcification
following kidney transplantation for systemic lupus erythematosus.
Rheumatology 2011;50:1659-64.

Plazak W, Pasowicz M, Kostkiewicz M, Podolec J,
Tomkiewicz-Pajak L, Musial J, et al. Influence of chronic
inflammation and autoimmunity on coronary calcifications and
myocardial perfusion defects in systemic lupus erythematosus
patients. Inflamm Res 2011;60:973-80.

Rho YH, Chung CP, Oeser A, Solus J, Raggi P, Gebretsadik T, et al.
Novel cardiovascular risk factors in premature coronary
atherosclerosis associated with systemic lupus erythematosus.

J Rheumatol 2008;35:1789-94.

Ribeiro GG, Bonfd E, Sasdeli Neto R, Abe J, Caparbo VF, Borba
EF, et al. Premature coronary artery calcification is associated with
disease duration and bone mineral density in young female systemic
lupus erythematosus patients. Lupus 2010;19:27-33.

Romero-Diaz J, Vargas-Vérackova F, Kimura-Hayama E,
Cortdzar-Benitez LF, Gijén-Mitre R, Criales S, et al. Systemic lupus
erythematosus risk factors for coronary artery calcifications.
Rheumatology 2012;51:110-9.

Von Feldt JM, Scalzi LV, Cucchiara AJ, Morthala S, Kealey C,
Flagg SD, et al. Homocysteine levels and disease duration

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. |—

Tselios, et al: Optimal CV risk monitoring in SLE

63

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

independently correlate with coronary artery calcification in patients
with systemic lupus erythematosus. Arthrits Rheum 2006;

coronary angiography findings in systemic lupus erythematosus.
Lupus 2011;20:299-304.

54:2220-7. 102. Sella EM, Sato EI, Leite WA, Oliveira Filho JA, Barbieri A.

86. Amissah-Arthur M, Gayed M, Stewart K, Jennens H, Braude S, Myocardial perfusion scintigraphy and coronary disease risk factors
Gordon C. Measurement of arterial stiffness in a cross-section of in systemic lupus erythematosus. Ann Rheum Dis 2003;62:1066-70.
SLE patients and relationship to treatment with intravenous 103. Zakavi SR, Jokar MH, Kakhki VR, Khazaei G, Sadeghi R.
methylprednisolone: a pilot study. [Internet. Accessed October 7, Significance of abnormal myocardial perfusion scintigraphy in
2015.] Available from: ovidsp.ovid.com/ovidweb.cgi?T=JS& young adult patients with SLE. Ann Nucl Med 2009;23:725-8.
CSC=Y&NEWS=N&PAGE=fulltext&D=emed11&AN=70954055 104. Ishimori ML, Martin R, Berman DS, Goykhman P, Shaw LJ, Shufelt

87. Cypiene A, Kovaite M, Venalis A, Dadoniene J, Rugiene R, C, et al. Myocardial ischemia in the absence of obstructive coronary
Petrulioniene Z, et al. Arterial wall dysfunction in systemic lupus artery disease in systemic lupus erythematosus. JACC Cardiovasc
erythematosus. Lupus 2009;18:522-9. Imaging 2011;4:27-33.

88. Karp I, Abrahamowicz M, Fortin PR, Pilote L, Neville C, Pineau 105. O’Neill SG, Woldman S, Bailliard F, Norman W, McEwan J,

CA, et al. Recent corticosteroid use and recent disease activity: Isenberg DA, et al. Cardiac magnetic resonance imaging in patients
independent determinants of coronary heart disease risk factors in with systemic lupus erythematosus. Ann Rheum Dis 2009;
systemic lupus erythematosus? Arthritis Rheum 2008;59:169-75. 68:1478-81.

89. Roldan CA, Alomari IB, Awad K, Boyer NM, Qualls CR, Greene 106. Kaul MS, Rao SV, Shaw LK, Honeycutt E, Ardoin SP, St Clair EW.
ER, et al. Aortic stiffness is associated with left ventricular diastolic Association of systemic lupus erythematosus with angiographically
dysfunction in systemic lupus erythematosus: a controlled defined coronary artery disease: a retrospective cohort study.
transesophageal echocardiographic study. Clin Cardiol 2014; Arthritis Care Res 2013;65:266-73.

37:83-90. 107. Sella EM, Sato EI, Barbieri A. Coronary artery angiography in

90. Sabio JM, Vargas-Hitos J, Zamora-Pasadas M, Mediavilla JD, systemic lupus erythematosus patients with abnormal myocardial
Navarrete N, Ramirez A, et al. Metabolic syndrome is associated perfusion scintigraphy. Arthritis Rheum 2003;48:3168-75.
with increased arterial stiffness and biomarkers of subclinical 108. Gronwall C, Reynolds H, Kim JK, Buyon J, Goldberg JD, Clancy
atherosclerosis in patients with systemic lupus erythematosus. RM, et al. Relation of carotid plaque with natural IgM antibodies in
J Rheumatol 2009;36:2204-11. patients with systemic lupus erythematosus. Clin Immunol

91. Sacre K, Escoubet B, Pasquet B, Chauveheid MP, Zennaro MC, 2014;153:1-7.

Tubach F, et al. Increased arterial stiffness in systemic lupus 109. Jackson M, Ahmad Y, Bruce IN, Coupes B, Brenchley PE.
erythematosus (SLE) patients at low risk for cardiovascular disease: Activation of transforming growth factor-betal and early
a cross-sectional controlled study. PLoS One 2014:9:¢94511. atherosclerosis in systemic lupus erythematosus. Arthritis Res Ther

92. Ahmadi B, Bonakdar ZS, Hashemi SM, Sadrkabir SM, Karimifar 2006;8:R81.

M. Endothelial dysfunction in Iranian lupus patients. Rheumatol Int 110. Greco CM, Li T, Sattar A, Kao AH, Danchenko N, Edmundowicz D,
2011;31:27-31. et al. Association between depression and vascular disease in

93. Attia FM, Maaty A, Kalil FA. Circulating endothelial cells as a systemic lupus erythematosus. J Rheumatol 2012;39:262-8.
marker of vascular dysfunction in patients with systemic lupus 111. InabaY, Chen JA, Bergmann SR. Prediction of future
erythematosus by real-time polymerase chain reaction. Arch Pathol cardiovascular outcomes by flow-mediated vasodilatation of
Lab Med 2011;135:1482-5. brachial artery: a meta-analysis. Int J Cardiovasc Imaging

94. El-Magadmi M, Bodill H, Ahmad Y, Durrington PN, Mackness M, 2010;26:631-40.

Walker M, et al. Systemic lupus erythematosus: an independent risk 112. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D,
factor for endothelial dysfunction in women. Circulation Charbonneau F, Creager MA, et al; International Brachial Artery
2004;110:399-404. Reactivity Task Force. Guidelines for the ultrasound assessment of

95. Karadag O, Calguneri M, Atalar E, Yavuz B, Akdogan A, Kalyoncu endothelial-dependent flow-mediated vasodilation of the brachial
U, et al. Novel cardiovascular risk factors and cardiac event artery: a report of the International Brachial Artery Reactivity Task
predictors in female inactive systemic lupus erythematosus patients. Force. J Am Coll Cardiol 2002;39:257-65.

Clin Rheumatol 2007;26:695-9. 113. Stoner L, Sabatier MJ. Use of ultrasound for non-invasive

96. Kiss E, Soltesz P, Der H, Kocsis Z, Tarr T, Bhattoa H, et al. Reduced assessment of flow-mediated dilation. J Atheroscler Thromb
flow-mediated vasodilation as a marker for cardiovascular 2012;19:407-21.
complications in lupus patients. J Autoimmun 2006;27:211-7. 114. Kanahara M, Harada H, Katoh A, Ikeda H. New methodological

97. Lee AB, Godfrey T, Rowley KG, Karschimkus CS, Dragicevic G, approach to improve reproducibility of brachial artery
Romas E, et al. Traditional risk factor assessment does not capture flow-mediated dilatation. Echocardiography 2014;31:197-202.
the extent of cardiovascular risk in systemic lupus erythematosus. 115. Wang DG, Tang XW, Fan Y, Leng RX, Ni J, Deng SM, et al.

Intern Med J 2006;36:237-43. Decreased flow-mediated dilatation in patients with systemic lupus

98. Lima DS, Sato EL, Lima VC, Miranda F Jr, Hatta FH. Brachial erythematosus: a meta-analysis. Inflammation 2014;37:2067-75.
endothelial function is impaired in patients with systemic lupus 116. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG,
erythematosus. J Rheumatol 2002;29:292-7. Benjamin EJ, et al. Aortic pulse wave velocity improves

99. Bruce IN, Gladman DD, Ibafiez D, Urowitz MB. Single photon cardiovascular event prediction: an individual participant
emission computed tomography dual isotope myocardial perfusion meta-analysis of prospective observational data from 17,635
imaging in women with systemic lupus erythematosus. II. Predictive subjects. J Am Coll Cardiol 2014;63:636-46.
factors for perfusion abnormalities. J Rheumatol 2003;30:288-91. 117. Van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P,

100. Nikpour M, Gladman DD, Ibaiiez D, Bruce IN, Burns RJ, Urowitz Cruickshank JK, De Backer T, et al; Artery Society; European
MB. Myocardial perfusion imaging in assessing risk of coronary Society of Hypertension Working Group on Vascular Structure and
events in patients with systemic lupus erythematosus. J Rheumatol Function; European Network for Noninvasive Investigation of
2009;36:288-94. Large Arteries. Expert consensus document on the measurement of

101. Nikpour M, Urowitz MB, Ibafiez D, Gladman DD. Relationship aortic stiffness in daily practice using carotid-femoral pulse wave

between cardiac symptoms, myocardial perfusion defects and

velocity. J Hypertens 2012;30:445-8.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. |—

64 The Journal of Rheumatology 2016, 43:1; doi:10.3899/jrheum.150460

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

118.

119.

120.

121.

122.

123.

124.

125.

126.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction
of clinical cardiovascular events with carotid intima-media
thickness: a systematic review and meta-analysis. Circulation
2007;115:459-67.

Johnsen SH, Mathiesen EB. Carotid plaque compared with
intima-media thickness as a predictor of coronary and
cerebrovascular disease. Curr Cardiol Rep 2009;11:21-7.

Naqvi TZ, Lee MS. Carotid intima-media thickness and plaque in
cardiovascular risk assessment. JACC Cardiovasc Imaging
2014;7:1025-38.

Zardi EM, Afeltra A. How to predict subclinical atherosclerosis in
systemic lupus erythematosus. Rheumatology 2011;50:821-3.
Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with
carotid intima-media thickness, more accurately predicts coronary
artery disease events: a meta-analysis. Atherosclerosis
2012;220:128-33.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M
Jr, Detrano R. Quantification of coronary artery calcium using
ultrafast computed tomography. J Am Coll Cardiol 1990;15:827-32.
Rumberger JA, Brundage BH, Rader DJ, Kondos G. Electron beam
computed tomographic coronary calcium scanning: a review and
guidelines for use in asymptomatic persons. Mayo Clin Proc
1999;74:243-52.

Doukky R, Hayes K, Frogge N, Balakrishnan G, Dontaraju VS,
Rangel MO, et al. Impact of appropriate use on the prognostic value
of single-photon emission computed tomography myocardial
perfusion imaging. Circulation 2013;128:1634-43.

Alexdnderson E, Ochoa JM, Calleja R, Judrez-Rojas JG, Prior JO,
Jacome R, et al. Endothelial dysfunction in systemic lupus
erythematosus: evaluation with 13N-ammonia PET. J Nucl Med
2010;51:1927-31.

127.

128.

129.

130.

131.

132.

133.

134.

Lipinski MJ, McVey CM, Berger JS, Kramer CM, Salerno M.
Prognostic value of stress cardiac magnetic resonance imaging in
patients with known or suspected coronary artery disease: a
systematic review and meta-analysis. J Am Coll Cardiol
2013;62:826-38.

Varma N, Hinojar R, D’Cruz D, Arroyo Ucar E, Indermuehle A,
Peel S, et al. Coronary vessel wall contrast enhancement imaging as
a potential direct marker of coronary involvement: integration of
findings from CAD and SLE patients. JACC Cardiovasc Imaging
2014;7:762-70.

Chung CP, Oeser A, Avalos I, Raggi P, Stein CM. Cardiovascular
risk scores and the presence of subclinical coronary artery
atherosclerosis in women with systemic lupus erythematosus. Lupus
2006;15:562-9.

Urowitz MB, Ibanez D, Gladman DD. Adjusted Framingham risk
factor scoring for systemic lupus erythematosus. Arthritis Rheum
2011;63 Suppl 10:2262.

Bruce IN, Urowitz MB, Gladman DD, Ibafez D, Steiner G. Risk
factors for coronary heart disease in women with systemic lupus
erythematosus: the Toronto Risk Factor Study. Arthritis Rheum
2003;48:3159-67.

Nikpour M, Gladman DD, Ibanez D, Harvey PJ, Urowitz MB.
Variability over time and correlates of cholesterol and blood
pressure in systemic lupus erythematosus: a longitudinal cohort
study. Arthritis Res Ther 2010;12:R125.

Wang X, Qin X, Demirtas H, Li J, Mao G, Huo Y, et al. Efficacy of
folic acid supplementation in stroke prevention: a meta-analysis.
Lancet 2007;369:1876-82.

Moher D, Pham B, Lawson ML, Klassen TP. The inclusion of
reports of randomised trials published in languages other than
English in systematic reviews. Health Technol Assess 2003;7:1-90.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. |—

Tselios, et al: Optimal CV risk monitoring in SLE

65

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

