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Abstract

Purpose of the Review To review cardiovascular outcomes (CVE) in systemic lupus erythematosus (SLE) that evolves over time.
Recent Findings Inception cohorts now report long-term data, and large population registries add to our knowledge. Mortal-
ity and cardiovascular morbidity remain high with a risk ratio of 2—-3. SLE disease activity—related inflammation accounts
for higher CVE incidence ratio in the first year following diagnosis with accelerated atherosclerosis contributing to CVE
in about a quarter to a third of the patients later in the disease course. Immunomodulation and disease control are associ-
ated with improved cardiovascular outcomes. Validation of modified risk stratification tools and studies evaluating primary

prevention with aspirin and hydroxychloroquine are reported.

Summary Increased awareness of high mortality associated with cardiac inflammation, improved outcomes with early disease
control, aggressive management of risk factors, hypertension, obesity, and high cholesterol with modifying risk stratification

will result in more favorable outcomes in SLE patients.

Keywords Cardiac manifestation - Systemic lupus erythematosus - Antiphospholipid antibodies - Primary prevention -

Cardiovascular risk factors - Risk stratification

Cardiovascular outcomes in SLE
Introduction

Systemic lupus erythematosus (SLE) is a chronic multi-
system inflammatory disease affecting the kidneys, heart,
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lungs, skin, joints, and nervous system. The disease course
is unpredictable with episodic disease flares and periods
of remission. The severity of the disease varies from indo-
lent chronic inflammation to death. Incidence of disease
ranges between 3.7 and 49 per 100,000 person years in the
US Medicare population [1]. Prevalence is estimated to be
48-366.6 per 100,000 individuals [2].

Mortality Trends

Once a fatal disease with 5-year mortality reported to be
as high as 40% in the 1950s, current 10-year survival is
between 85 and 93% [3, 4e, 5ee]. Since the 1990s, the USA
has seen the SLE mortality rate as well as the SLE mortal-
ity to non-SLE mortality ratio decline, with crude annual
mortality reported at 19.1 per 1000 person-years [2, 6, 7e].
The WHO database reported an age standardized mortality
rate (ASMR) of 2.68 per million inhabitants in 2014, [95%
CI: 2.62-2.75]. However, regional differences are observed
with lower ASMR in Europe, 1.06 [95% CI: 0.98-1.13] and
higher ASMR in Asia, 2.16 [2.03-2.29], Latin America,
5.53 [5.33-0.73], and North America, 2.69 [2.53-2.84] [7e].

Infections and cardiovascular diseases account for most
morbidity and mortality in SLE [1-3]. Early in the disease
course, complications due to organ specific inflammation,
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vascular inflammation, and thrombosis are the major con-
tributors to high morbidity and mortality [2, 3]. Develop-
ment of atherosclerosis over time and accrued comorbidi-
ties from inflammation contribute to greater proportion of
cardiovascular related deaths observed years after diagnosis.
Regional differences in the proportion of deaths from car-
diovascular disease (CVD) and infection are observed [2, 3].

Cardiac Inflammation in Active SLE and Its
Outcome

Cardiac inflammation results in pericarditis, myositis, and
endocarditis. Vascular inflammation and thrombosis result
in ischemic events like myocardial infarction (MI), stroke,
and pulmonary arterial hypertension (PAH). Heart failure
and conduction abnormalities, such as atrial fibrillation,
result from multifactorial causes including inflammatory
and ischemic causes.

Pericarditis

Pericarditis is the most frequent cardiac manifestation of SLE
with asymptomatic pericardial effusion identified by echocar-
diogram in 50% of the patients over time [8]. Symptomatic
pericardial effusion and pericarditis is seen in 16-39% of the
patients [8—11]. Majority of the patients respond to medical
management. Cardiac tamponade and constrictive pericarditis
occur rarely, in 1-2% of patients. About 5-13% of hospitalized
patients with symptomatic pericarditis go on to develop tam-
ponade, some requiring surgical intervention [10, 12]. Recur-
rence after the first episode is common and seen in 15-30% of
patients and is usually associated with lupus serositis flares [11].
Differentiating lupus pericarditis from other causes, especially
infectious, remains a challenge. Constrictive pericarditis is rare,
mostly reported in the literature as case reports. The presence of
anti-smith antibodies and antibodies to double stranded DNA
(anti-dsDNA) are associated with lupus pericarditis [11].

Myocarditis

Myocarditis is less frequent with a clinical prevalence of 3-9%
[13e]. However, with the use of cardiac magnetic resonance
tomography, asymptomatic myocardial abnormalities were
noted in 43% of SLE patients [14]. Myocarditis was the first
manifestation of SLE in 58% of patients hospitalized with
lupus myocarditis, mean left ventricular ejection fraction
(LVEF) of 37%. Majority of those patients, 86%, required
ICU care [15]. Myocarditis mortality was observed at a
rate between 4 and 10% despite treatment [15, 16]. Follow-
ing hospitalization, recovery of LVEF to 55% or greater was
observed over time. After 1 month, 43% of the patients and in
3 years, 81% of the patients had recovered [15]. In long-term
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prospective studies, overall complete recovery was observed
in 60% of the patients, partial recovery in 20% of the patients,
and mortality was reported in 20% [13e].

Valvular Disease and Endocarditis

Asymptomatic tricuspid and mitral regurgitation are the most
common findings, 45 and 25-40%, respectively, of mild sever-
ity noted on the echocardiogram [17]. Valvular thickening
is seen in 17-19% with Libman-Sacks endocarditis in 11%
[17, 18]. The patients with Libman-Sacks often presented
with cerebroembolic stroke. Valvular vegetations appear
to decrease in size in majority of the patients who received
medical management, with quarter of the patients experienc-
ing disease progression especially those with MR or AS over
46.24 +17.13 months follow-up [17]. Some of whom required
valvular surgeries. Compared to non-SLE patients with Lib-
man-Sacks endocarditis, SLE patients had better outcomes and
76% report improvement with resolution of regurgitation or
reduction in vegetation size [19]. Advancing age increases the
risk of valvular disease both in the SLE patients and in the gen-
eral population. The presence of antiphospholipid antibodies
(aPL) increases the risk of valvular disease by threefold when
compared to SLE without aPL [18].

Pulmonary Arterial Hypertension

Pulmonary arterial hypertension (PAH) prevalence was
reported to be 0.5-17% in older studies; however, recent stud-
ies using right heart catheterization report prevalence to be
2.6-3.8% [20]. In a study of 310 SLE patients with mean
pulmonary artery pressure of 46+ 12 mmHg, survival rates
were reported as 92% 1-year, 85% 3-year, and 73% 5-year. The
treatment goal was achieved with medical management at 1-,
3-, and 5 years in 31.5%, 54% and 63% of the SLE patients,
respectively [21ee]. Medical management included glucocor-
ticoids in 99% of the patients, immunosuppressants in 93%
of the patients, endothelin receptor antagonists in 57% of the
patients, phosphodiesterase inhibitors in 58% of the patients,
and prostacyclin analogues in 7% of the patients [21ee]. Inde-
pendent prognostic factors of improvement were baseline
serositis, 6-min walk distance of more than 380 m and cardiac
index more than 2.5 L/min/m?> [21ee].

Cardiovascular Events in SLE

CVD events MI, stroke, heart failure, and atrial fibrillation
follow a bimodal pattern similar to the mortality trend. In
the initial years following diagnosis, disease activity—related
cardiac and vascular inflammation results are more frequent
MLI, stroke, heart failure, and atrial fibrillation. Higher inci-
dence per 1000 patients is reported in the first year following



Current Cardiology Reports (2022) 24:75-83

77

diagnosis and decreases over the next few years. Subsequent
increase in CVE after 10-15 years of disease duration was
observed [22]. With better understanding of the disease and
available diagnostic and therapeutic options the 10-year sur-
vival is close to 86-90%. Accrued damage, development of
hypertension, and other cardiovascular risk factors, accel-
erated atherosclerosis contribute to excess CVE observed
late in the disease course. Figure 1 represents a schematic
diagram of the natural history of the disease in SLE patients.

Myocardial Infarction

The cumulative incidence of MI increases steadily with
time from diagnosis over the years. The incidence per 1000
patient-year is highest the first year following diagnosis,
12.18/1000 person-years, and decreased to 7.07/1000 years
over the next 5 years [23e]. The 10-year absolute prevalence
for myocardial infarction in SLE patients is 2.17% (95%
CI: 1.66 to 2.80%), while it was 1.49% (95% CI: 1.26 to

Natural history of SLE
a.
Inflammation
bRz s 3 years......life time
Establishing diagnosis and Intermittent flares
control of the disease related -
inflammation Varying response to treatment
Cause for cardiovascular morbidity Cause for cardiovascular morbidity
« Cardiac inflammation: * Effect of accrued damage from resolved
Pericarditis, myocarditis inflammation E.g. CKD, heart failure, PAH
+ Endothelial inflammation * Chronic inflammation
and vascular morbidity * Development of hypertension, diabetes and
High relative risk for M, stroke, other traditional risk factors
heart failure * Adverse effects of drug E.g. steroids
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Fig. 1 Schematic representation of the natural history in SLE and
the observed trend in incidence ratio for MI over time. a: Schematic
representation of inflammation observed in a patient with SLE and

the likely causes for the relative increase in CVE observed in SLE
patients. b: Representation of the observed incidence ratio of MI and
angina over time
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1.75%) in control subjects [See]. SLE was associated with
an increased risk of MI, with a pooled RR of 2.99 (95% CI.:
2.34 to 3.820 [24]. Age and sex-adjusted risk (HR) for MI
in SLE was highest in the first year following diagnosis with
a steady decrease over the years.

Recent studies report similar outcomes following hospi-
talization for MI with no significant difference observed in
the frequency of re-ischemia, death, and procedures in SLE
patients vs. control [25]. However, when adjusted for age
and comorbidity, SLE was independently associated with
overall mortality (HR =2.20) [26]. Worse outcomes with
bare metal stents and following cardiac surgery was noted
in SLE patients compared to control [27, 28].

Cerebrovascular Events

The prevalence of both ischemic and hemorrhagic stroke
in patients with SLE ranges from 2 to 15% [29]. In a mul-
ticenter and multiracial cohort of SLE patients followed
for the mean of 6.6 +4.1 year, cerebrovascular event was
reported in 4.5% with ischemic stroke and TIA being the
most common (80%). Intracranial hemorrhage and sinus
thrombosis were less frequent (8.3 and 2.8% of all cerebro-
vascular events) [30ee]. Increased risk of stroke is observed
in SLE patients with higher pooled relative risk (RR) for
ischemic stroke (RR 2.18) intracerebral hemorrhagic stroke
(RR 1.84), subarachnoid hemorrhage (RR 1.95), and com-
posite stroke (RR 2.13) as identified in a meta-analysis [24].
The increased risk occurs early in the disease course with
the highest relative risk being within the first year following
SLE diagnosis and in those with active disease (HR 3.7)
[30ee, 31]. The presence of lupus anticoagulant antibodies
at enrollment was a significant risk factor (HR 2.23 [95% CI:
1.11, 4.45], P=0.024) for stroke [30ee]. Age <40, Black and
Hispanic race were other risk factors associated with stroke
in SLE patients [22, 32].

Following the initial event, 60% of the stroke patients
experienced a clinical resolution [30ee]. Among those hospi-
talized and discharged to rehabilitation centers, functionality
was similar to older patients without SLE [33]. Recurrence
was common, and about half of the patients had a second
cerebrovascular event and a quarter had a third event [30ee].
The estimated 10-year cumulative incidence of any CVE is
3.75 -5% (95% CI: 3.9-6.2) increasing to 11.4% at 5 years
for those patients with previous CVE [See, 3(0ee].

Heart Failure
Heart failure in SLE is multifactorial with disease-related
cardiac inflammation involving the myocardium, valves,

and conduction abnormalities contributing to the observed
increase. Absolute 10-year risk of incident HF was 3.71%
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(95% confidence interval [CI]: 3.02-4.51%) for SLE patients
vs. 1.94% (95% CI: 1.68-2.24%) for controls [5ee]. Incidence
of HF per 1000 person-years was highest in the first year fol-
lowing diagnosis. It is an important cause of heart failure in
the young, with relative risk of 20-36 among patients under
the age of 35 [See, 34]. Later in the course of the disease
atherosclerosis and CAD accounted for 29% of HF [34].
Renal involvement in SLE correlated with earlier and higher
incidence of HF [35]. SLE with subsequent HF was associ-
ated with higher mortality compared with HF without SLE
(adjusted hazard ratio: 1.50; 95% CI: 1.08 to 2.08) [See].

Atrial Fibrillation

AFib and atrial flutter reported prevalence in SLE is
2.27%-5.5% [5ee, 36]. SLE patients had a higher long-term
risk of incident AFib with HR of 2.84 (95% CI: 2.50-3.23)
compared with matched control subjects [See, 36]. In a study
of general Medicaid US population with SLE, the risk of
incident AFib hospitalization among patients with SLE was
1.79-fold higher (95% CI: 1.43-2.24) than the age- and sex-
matched controls. This risk reduced when adjusted for race/
ethnicity, CVD, and hypertension (HTN) (HR 1.17,95% CI:
0.92-1.48) [37]. Inpatient mortality, length of stay, likeli-
hood of pharmacologic, and electrical cardioversion were
similar to controls in a study of national inpatient sample.
While ablation was more frequent in the SLE group (6.8%
vs. 4.2%, AOR: 1.9, 95% CI: 1.3-2.7, P<0.0001) compared
to those without SLE [38].

Cardiovascular Risk Factors Among Lupus
Patients: Prevalence and Risk for CVE

Prevalence of traditional cardiovascular risk factors, espe-
cially HTN and diabetes, are higher in SLE patients com-
pared to controls. HTN was the most prevalent CV risk fac-
tor, 26-53%, and it increases with age and disease duration
with a relative risk of 2.59 (95% CI: 1.79-3.75) [22, 39,
40]. Resistant HTN (defined as HTN requiring 4 antihyper-
tensive medications to control HTN or those whose HTN
was uncontrolled with 3 antihypertensive medications) was
nearly twice as prevalent in patients with SLE compared to
control subjects (10.2% and 5.3%, respectively) [39]. Diabe-
tes (DM) prevalence is reported around 5-7% with relative
risk of 6 in some cohorts [3, 41].

In a 3-year follow-up of SLE inception cohort, 48.6%
increase in hypertension, 65.3% in hypercholesterolemia, and
55.6% in diabetes was observed. Increase in non-traditional
risk factors such waist to hip ratio>0.8 (79.5%) and low
physical activity (71.6%) were reported [42]. Use of gluco-
corticoids significantly increased the development of HTN
and DM in SLE patients [42, 43].
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CVE were significantly associated with HTN and obesity in
SLE patients with consistent findings in most studies [43—45].
Not all studies were able to establish DM or dyslipidemia as an
independent risk factor for CVE in SLE patients compared to
non-SLE patients [43-46]. In studies with longer term follow-up
(> 15 years), the traditional risk factors HTN, cholesterol > 250,
and DM were significant predictors of atherosclerotic cardiovas-
cular events in SLE patients with no active disease [44].

SLE as an Independent Risk
Factor for Cardiovascular Events
and Atherosclerosis

Both large multicenter prospective studies and population
registries have established SLE as an independent risk fac-
tor in developing CVD with a relative risk greater than
2, after controlling for comorbid factors of HTN, DM,
and age [See, 40, 45]. SLE patients without active disease
or inflammation have increased CV events, and SLE is

recognized as an independent risk factor for accelerated
atherosclerosis.

Atherosclerosis is an inflammatory condition where
monocytes adhere to endothelial cells as they migrate to
the intima and differentiate into macrophages and foam
cells in the presence of inflammatory cytokines. Several
abnormalities are observed in the SLE pathologic process
which contributes to increased endothelial cell activation,
death, accelerated atherosclerosis, and impaired endothe-
lial cell repair [47-52]. Table 1 lists some abnormalities
observed in SLE that could contribute to accelerated
atherosclerosis.

SLE: Clinical Features and Antibodies
Associated with CVD

Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) is an instrument score used to measure dis-
ease activity in SLE. More frequent CVE are observed in

Table 1 Some abnormalities observed in SLE that may accelerate atherosclerosis

Endothelial cell (EC) [47-49]

Direct interaction with Immune complexes

Internalization of microparticles — immune complexes. Microparticles
are small heterogeneous extracellular vesicles released by a variety of cell
types under physiological conditions, injury, and apoptosis

Direct binding of auto antibodies (aPL) with the cell preventing adherence
of the inhibitors of coagulation

Increased permeability

Cell death

Increased CD54 and CD102 expression and CCL2, CCLS, and IL-6 produc-
tion

Increased permeability

Increased cell death

Increased thrombosis

Endothelial progenitor cell ( EPC) [50]
Fewer EPC in SLE patients

Monocyte activation [47, 51]

T cells and other immune cells
Mitochondrial dysfunction in with increased oxidization [51]

Low-density granulocytes (LDG) undergoing NETosis — more abundant
in patients with SLE [48, 51]

Defective redox clearance in SLE. Impaired activity of oxidative
stress-regulating enzymes, such as superoxide dismutase (SOD) and
gluthathione peroxidase [51]

Inflammatory cytokines and chemokines [47-52]

IFN-y

TNF and IL1

IFN-o (mainly by plasmacytoid dendritic)

Impaired repair

Increased monocyte procoagulant activity
Increased tissue factor
Increased migration and modified to macrophages and foam cells

Promotes the release of highly diffusible inflammatory lipid hydro peroxides

Spread oxidative stress through the bloodstream. Oxidative modification of
self-antigens

The increased fragility and oxidation of SLE-associated lipoproteins

Increased oxidized LDL and pro-inflammatory HDL: promotes monocyte-
foam cell formation

Endothelial cell toxicity

Delayed clearance of apoptotic cells
Apoptotic cells are a source of autoantigens recognized by auto-reactive T
cells

Increased expression of selectin

sVCAM, PTX3, vWF, MCP-1 (increased permeability and recruitment of
immune cells and monocytes)

Promotes plaque instability by reducing collagen production and inhibiting
growth of SMCs and endothelial cells

Inhibit Enos expression

Promotes monocyte to form foam cells

Induce EC and EPC apoptosis and prevent the differentiation of EPCs

Promotes conversion of CACs to dendritic cells and thus might impede the
repair of vascular damage

sVCAM soluble vascular cell adhesion molecule-1, PTX3 pentraxin 3, MCP-1 monocyte chemotactic protein-1, vWF Von Willebrand factor,
Enos endothelial nitric oxide synthase, SMC smooth muscle cells, CAC circulating angiogenic cells.
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patients with active disease and in those with high SLEDAI
scores. SLE patients who present with renal involvement
have higher risk for CVE compared to those without renal
involvement. More frequent MI, stroke, and CV mortality
are observed in lupus nephritis compared to SLE numeri-
cally, and statistical significance with HR 8.5 (95% CI: 2.2,
33; P=0.002) was noted for MI [53e]. Higher prevalence
of hypertension, dyslipidemia, and corticosteroid use is
recorded in patients with lupus nephritis than those without
renal involvement [54].

SLE Patients with aPL and Without Co-existent
Antiphospholipid Syndrome

Transient and persistent antiphospholipid antibodies are
common and present in 20-38% of patients with SLE [55,
56]. About a third of these patients develop antiphospho-
lipid syndrome (APS) with occurrence of either arterial or
venous thrombosis [57]. CVE are more frequent in patients
who have double or triple aPL positivity (positive for lupus
anticoagulant, anti-f,-glycoprotein-I antibodies, and anticar-
diolipin antibody) compared to those with no aPL or had
single aPL positivity with venous thrombosis being most
prevalent [55]. The presence of aPL is a significant predictor
of thrombosis with 3—fourfold increased risk of CVE.

Cardiac Risk Stratification in SLE

Risk stratification tools such as the Framingham risk score
(FRS) calculates 10-year estimated risk of future CVD
events for individuals in the general population but sig-
nificantly underestimates CVE risk in patients with SLE,
a female predominant disease. Among SLE patients with
CVE, 78% was stratified as low risk when risk stratified with
the Framingham calculator [58]. In patients with SLE, a pre-
dicted FRS score was 4.1% at 8 years; observed CVE 11.4%,
respectively [44]. Urowitz MB et al. suggested modifying
the Framingham score (mFRS) by doubling it to predict
CVD risk more accurately in patients with SLE [59]. The
Hopkins Lupus Cohort showed that this risk in SLE was
increased by a factor of 2.66 [60].

The excess risk of a cardiovascular events occurring
among patients with SLE is dependent on disease-related
factors such as disease activity and presence of aPL. Petri
MA et al. developed a SLE cardiovascular risk equation to
estimate cardiovascular risk based on both traditional and
SLE-related risk factors by including a global disease activ-
ity score (the SELENA-SLEDAI score), low C3, and history
of lupus anticoagulant [60].

An updated QRISK3 algorithm was recently created by
taking account of additional risk factors such as SLE and
steroid use [61]. Recognizing that individuals with chronic
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inflammatory conditions are at underestimated risk, the
AHA considers SLE a “risk-enhancing” condition that can
be used to revise the 10-year ASCVD risk estimate [62]. A
single center study comparing the different scores reported
sensitivities and specificities of 22 and 93% for FRS, 46 and
83% for mFRS, 47 and 78% for QRISK3, and 61 and 64%
for SLE cardiovascular risk equation [58].

Drugs in SLE and Cardiovascular Outcomes:
Associations, Risk Reduction and Primary
Prevention

Treatment of SLE with corticosteroids and immunomodula-
tion improves survival and outcomes in pericarditis, myo-
carditis, valvular lesions, and PAH, where cardiac inflam-
mation dominates. However, use of corticosteroids results
in increasing occurrence of hypertension, diabetes, and
dyslipidemia [44].

Interest in use of aspirin and hydroxychloroquine as med-
ications in primary prevention stems from studies that have
reported inverse associations and fewer CV events among
its users with SLE [63—-65]. A protective effect for primary
prevention with use of statins could not be established in
SLE. Meta-analysis of studies with a mean follow-up of
6-11 years reported pooled RR 0.72, 95% CI: 0.56-0.94, for
CVE among hydroxychloroquine users [64]. Protective role
of hydroxychloroquine in studies with longer term follow—up
of 15 years or in short term studies was not observed. A
combination of aspirin with hydroxychloroquine use was
observed to be more beneficial than either drug alone [65].

Aspirin use in SLE patients during pregnancy is recom-
mended to prevent pregnancy-induced hypertension. Among
SLE patients with aPL without arterial or venous thrombosis
(aPL carriers) a beneficial effect of aspirin for arterial (HR:
0.43 [95% CI: 0.20-0.93]) but not venous (HR: 0.49 [95%
CI: 0.22—-1.11]) thrombosis was observed, HR 0.43 (95% CI:
0.25-0.750 [66@¢]. Anticoagulation is the standard of care
for patients with SLE and APS.

Until larger, multicenter prospective studies define the
role of aspirin and hydroxychloroquine role in primary pre-
vention, aggressive control of CV risk factors, and aiming
for disease remission will benefit patients the most [67].

Conclusions

There are increased CV events in SLE. The risk is about
2-3 times that of the general population with active dis-
ease—related inflammation accounting for most of the
risk. The incidence ratio for CVE per 1000 SLE patients
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is the highest in the first year of diagnosis and decreases
over the next 5-6 years. Gradual increase is observed after
6—7 years, especially for MI and angina. Increasing occur-
rence of comorbid conditions and accelerated atherosclerosis
accounts for about a quarter of the CVE in SLE. With bet-
ter awareness, early diagnosis of the disease, and treatment
with immunomodulatory therapy, favorable outcomes are
observed for most adverse cardiac presentations associated
with disease activity. Using the modified risk tools for cal-
culating risk and aggressive control of traditional risk fac-
tors are likely to result in better outcomes. While aspirin is
associated with fewer events especially in patients with aPL,
its role in primary prevention is yet to be established.
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