An update on cardiovascular disorders
in systemic lupus erythematosus

Ewa Pedzich"*~F, Adrian Bednarek"*<F, Julita Mtynarska"*C2F, Emilia Woszek'A80,
Dominika Klimczak-Tomaniak?3#2~, Karolina Gumiezna"®°F, Adam Piasecki"®Pf,
Adam Rdzanek'F, Grazyna Sygitowicz**~, Marcin Grabowski"?~f, Mariusz Tomaniak"*<F

1 First Department of Cardiology, Medical University of Warsaw, Poland

2 Department of Cardiology, Hypertension and Internal Medicine, Medical University of Warsaw, Poland

3 Department of Inmunology, Transplantation and Internal Medicine, Medical University of Warsaw, Poland
* Department of Clinical Chemistry and Laboratory Diagnostics, Medical University of Warsaw, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Mariusz Tomaniak
mariusz.tomaniak@wum.edu.pl

Funding sources
None declared

Conflict of interest
None declared

Received on August 19, 2023
Reviewed on January 9, 2024
Accepted on February 21, 2024

Published online on March 12, 2024

Citeas
Pedzich E, Bednarek A, Mtynarska J, et al. An update

on cardiovascular disorders in systemic lupus erythematosus.

Adv Clin Exp Med. 2025;34(2):269-281.
d0i:10.17219/acem/184868

DOI
10.17219/acem/184868

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2025;34(2):269-281

Abstract

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with a complex multifactorial etiology
that develops as a result of autoimmune processes, leading to widespread inflammation and malfunction
of multiple tissues and organs, and, as a consequence, triggers arterial hypertension, conduction disorders,
valvular heart disease, pulmonary hypertension (PH), and venous thromboembolism events (VTE), contrib-
uting to increased mortality. Moreover, autoimmune abnormalities can accelerate atherogenesis and lead
to many SLE manifestations, including coronary artery disease (CAD) and cerebrovascular events. The cur-
rent review aimed to Systematize existing data from the latest works and summarize published guidelines
and recommendations. In particular, the prevalence of cardiovascular disorders in SLE patients, advances
in diagnostics (including imaging methods and biomarker laboratory testing), the possible future direction
of therapy, and the latest European Alliance of Associations for Rheumatology (FULAR) guidelines for optimal
management of cardiovascular risk in SLE were overviewed.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease associated with widespread inflammation
resulting in the malfunction of multiple tissues and or-
gans. The pathophysiology of SLE includes the production
of autoantibodies to nuclear and cytoplasmic antigens and
the deposition of immune complexes in tissues. Systemic
lupus erythematosus is one of the most common auto-
immune diseases and affects approx. 3.4 million people
worldwide, including around 18,500 cases in Poland. How-
ever, epidemiological data are lacking from some regions.!-
In the context of this review, we consider cardiovascular
complications of SLE (Fig. 1), which occur due to functional
changes of the endothelium, oxidative stress increased
by inflammation, and aberrations in the immune response.*

Systemic lupus erythematosus predominantly affects
women, with a 9:1 female-to-male ratio, and patients tend
to present symptoms during childbearing age.> Cardio-
vascular mortality risk in SLE is about 3 times higher
compared to the general population. Antiphospholipid
antibodies (aPLs) are found in about 50% of SLE patients
and are a significant independent risk factor for throm-
botic events.® Independent of aPLs, increased incidence
of traditional cardiovascular and lupus-related thrombosis
risk factors significantly increase the risk of premature
atherosclerosis in SLE patients.”

Objectives

Due to the constantly expanding knowledge on the oc-
currence of cardiovascular complications, their pathomech-
anisms and their treatment methods in SLE, this review
aimed to systematize data from the latest works and sum-
marize the published guidelines and recommendations.
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Materials and methods

The literature search used PubMed, Embase and Google
Scholar databases, references from relevant articles, and
internet sources, including the World Health Organization
(WHO) and other reports. Search terms included “cardio-

vascular complications SLE,” “arrhythmias SLE,” “athero-
genesis SLE,” “cardiovascular complications APS,” “pulmo-
nary hypertension SLE,” “thromboembolic events SLE,” and

“valvular disorders SLE,” using SLE and antiphospholipid
syndrome (APS) as abbreviations and the full name — sys-
temic lupus erythematosus. No publication date filters were
applied, with the last literature search performed on July
29,2023. Titles and abstracts were screened by the authors
to identify relevant works, and the most appropriate sources
that included data on epidemiology, complications, diag-
nostics, and suggested treatment were summarized.

Accelerated atherogenesis

Studies unambiguously show that SLE patients suffer
atherosclerosis more often and, as a result, coronary ar-
tery disease (CAD), myocardial infarction (MI) and stroke,
compared to the general population. Research suggests
that chronic inflammation promotes accelerated athero-
genesis. Although traditional risk factors are vital in ac-
celerated atherogenesis pathophysiology in autoimmune
diseases,®’ the high incidence of cardiovascular disease
(CVD) in SLE patients cannot be fully explained by tradi-
tional cardiovascular risk factors.'

Excessive immune system activity in SLE leads to oxida-
tive stress, granulocyte activation, subsequent thrombin
generation, and macrophage differentiation to foam cells,
leading to accelerated lipoprotein accumulation and oxi-
dation in the endothelium, which may stimulate plaque
formation.! These processes are also mediated by aPLs,

Fig. 1. Cardiovascular
complications in systemic lupus
erythematosus compared

to a healthy population. Created
with Biorender.com
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which account for a higher risk of cardiovascular events
in APS patients.!? The presence of aPLs is one of the SLE
diagnostic criteria, and up to 40% of SLE patients have APS.13
Such patients are at a similar risk of new plaque formation
as those with diabetes mellitus and have a 3.3 times higher
risk than healthy controls.'* The prevalence of coronary
artery plaques in SLE patients was assessed by multiple stud-
ies,!>1¢ and, depending on the study, plaques were found
in 16.3%" or 42.1%!'8 of patients. Patients with SLE also have
a twofold higher prevalence of plaque compared to controls
and a similar prevalence to patients with diabetes melli-
tus or rheumatoid arthritis.!” In addition, 32% of the SLE
group had atherosclerotic plaques in their carotid arteries
after a 5-year follow-up, while it was 4% in healthy control.°
Moreover, a retrospective analysis revealed that the presence
of either lupus anticoagulant or anti-cardiolipin antibod-
ies was significantly associated with cardiovascular events,
whereas the presence of anti-beta-2-glycoprotein I antibod-
ies was not, which, after confirmation in other studies, may
be used as a risk assessment factor in SLE patients.?!

The high atherosclerosis incidence in women with SLE
was first observed in autopsies in 1975, with many studies
confirming the association between SLE and cardiovas-
cular diseases.?>2* Atherosclerosis causes vessel narrow-
ing through plaque buildup, and some plaques are prone
to rupture, which may lead to MI or stroke. Generally, MI
incidence is approx. 9 times greater in SLE patients than
in the general population.?® In the Framingham Offspring
Study, women with SLE aged between 35 and 44 had an over
50 times higher risk of MI than similar-aged female partici-
pants.26 A Dutch study analyzed 3,411 patients with SLE and
matched control subjects and assessed their absolute 10-
year MI risk at 2.17% (95% confidence intervals (95% Cls):
1.66-2.80) for SLE patients and 1.49% (95% CI: 1.26-1.75)
in the healthy population. A meta-analysis by Ballocca et al.
showed that 4.1% of 17,187 SLE patients presented with
acute ML%” The cohort study published in 2021 showed
that, among over 4,000 patients with SLE, the incidence
of MI was 9.6 (95% CI: 8.9-10.5) events/1,000 person-year,
contrary to the comparison cohort, where the incidence
of MI was 4.9 (95% CI: 4.8-5.1) events/1,000 person-year.?

Coronary artery disease, angina pectoris and MI were
found significantly more frequently in SLE patients com-
pared to age-matched controls (15.2% compared to 3.6%,
p = 0.0041).%° The rate of ischemic stroke and MI was also
up to twice as high in SLE compared with the general pop-
ulation.?0 Such cerebrovascular events in SLE patients may
be directly attributed to the disease, as a neuropsychiatric
manifestation of SLE, or the result of impaired endothelial
function or accelerated clot formation resulting in isch-
emic incidents.?! In a long-term follow-up study including
over 17,000 patients, 3.75% (95% CI: 3.06—4.54%) of those
in the SLE cohort developed ischemic stroke compared
to 1.92% (95% CI: 1.66-2.20%) of control subjects.3? An-
other study showed a stroke in 7.4% of SLE patients after
a 3-year follow-up.?* Stroke is responsible for 15% of SLE
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patient deaths.?® Recent data from the Japan registry
showed that the most common type of stroke is cerebral
infarction (80%), and no significant differences were found
in post-stroke prognosis and the degree of SLE activity.3*
In this regard, SLE not only influences stroke risk directly
but also through the more frequent presence of comorbidi-
ties such as arterial hypertension.

Another concern is the recovery process after cardiovas-
cular events, with analysis of patient medical history after
acute MI showing that SLE subjects had higher inpatient
mortality during the index hospitalization and higher 30-day
hospital readmission compared to patients without SLE.3

A recent cross-sectional study showed a higher preva-
lence of hypertension, dyslipidemia and carotid atheroscle-
rosis in women with SLE. Moreover, CC homozygosity for
the GCKR rs1260326 gene (odds ratio (OR) = 0.111, 95% CI:
0.015-0.804, p = 0.030) and an increase of 1 mmol/L in tri-
glyceride concentrations was associated with a greater risk
of carotid plaque in women with SLE (OR = 7.576, 95% CI:
2.415-23.767, p = 0.001).3¢ Studying GCKR rs1260326 vari-
ants may be useful for adjusting lipid-lowering treatment
or primary prevention by prescribing statins for these
patients. However, current European Alliance of Asso-
ciations for Rheumatology (EULAR) guidelines only rec-
ommend statin prescriptions accompanying estimation
of CVD risk from the Systematic Coronary Risk Evaluation
(SCORE), not considering SLE as a unique factor, probably
due to the conflicting results, especially regarding atorv-
astatin.®” Studies on atorvastatin, despite good drug toler-
ance, failed to prove beneficial on subclinical atheroscle-
rosis progression or disease activity in children and adult
populations with SLE.3%3 Data suggest that atorvastatin
may normalize the T helper (Th)17/T regulatory (Treg)
cell balance and apoptosis induction and may interact with
C-reactive protein (CRP) and interleukin (IL)-6, which are
elevated in SLE.*° Thus, future studies should evaluate
the direct effects in vitro and in SLE patients. Moreover,
arecent study suggests that children with 2 or more copies
of C4b genes may benefit more from atorvastatin therapy.*!
However, current guidelines recommend guiding lipid
treatment in line with the general population.? To prevent
CVD-related complications, low-aspirin treatment should
be considered based on the patient’s cardiovascular risk.*?

Arterial hypertension is a frequent complication of SLE
and APS, which may result from the presence of renal dis-
ease or as an unwanted treatment effect.*> Up to 77% of SLE
patients can have arterial hypertension, compared to 7.7%
in the healthy population aged 22—44 years.** Hyperten-
sion is related to increased CVD incidence in such patients
and may be associated with up to a 2 times higher risk
of cognitive dysfunction or stroke.*>#¢ Current guidelines
suggest that a blood pressure (BP) target of <130/80 mmHg
should be considered in this group of patients.*> Moreover,
patients with SLE may have a different circadian BP pat-
tern, with the non-dipper pattern frequently presented,*
s0 24-h ambulatory BP monitoring is suggested.
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Valvular disorders

Inflammation, initiated by deposits of antibodies and
complement components, leads to fibrotic processes
that result in valve damage. Multiple studies have shown
a strong link between the presence of aPLs and valvular
disorders,*®->3 which are common lupus manifestations
— including leaflet thickening, vegetations, regurgitation,
and stenosis (Fig. 1). Such abnormalities are reported
in over 30% of SLE patients,**° though most cases display
no clinical symptoms concomitant to valvular disorder.>!->*
Therefore, there is a risk of overlooking this condition
in a significant group of patients, which may lead to more
advanced defects requiring surgical treatment.

The most affected valve is the mitral valve, followed,
in order of prevalence, by tricuspid, aortic and pulmonary
valves. Mitral valve abnormalities are found in over 30%
of patients, and the most common valvular dysfunction

Fig. 2. Valvular disorders in patients with SLE

SLE - systemic lupus erythematosus. Created with Biorender.com
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is regurgitation.*8555¢ According to a 2016 meta-analysis, pa-
tients with SLE tend to have an 11-fold increased risk of com-
bined valvular alterations, and a 10-fold increase in mitral
valve thickening, aortic valve thickening, mitral valve regur-
gitation, and mitral valve vegetation in comparison to healthy
controls. Furthermore, SLE patients have a 5 times higher
risk of tricuspid and aortic valve regurgitation and mitral
valve stenosis (Fig. 2). However, there were no differences
in tricuspid valve thickening or aortic valve stenosis.””
Valvular disorders are also associated with aPLs. After
analyzing 23 studies with 1,656 SLE patients, valvular dis-
ease was found in 43% (95% CI: 40—47) of aPL-positive in-
dividuals and 22% (95% CI: 19-25) of aPL-negative patients
(OR =3.13, 95% CI: 2.31-4.24, p < 0.00001).* Meanwhile,
the likelihood of developing valvular disease is estimated
to be 8% for APS patients.>® High aPL levels, defined as ti-
ters over 20, were associated with the presence of valve ab-
normality after adjusting for disease duration and patient
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age.*® Furthermore, there was a significant association be-
tween valvular heart disease in SLE and immunoglobulin
G (Ig@Q) anti-cardiolipin antibody positivity, suggesting
that IgG anticardiolipin-positive SLE patients may profit
from echocardiography screening.”

After discovering a valvular disorder, adequate person-
alized treatment should be considered. The latest reports
indicate that the socio-demographic index (SDI) may be
auseful predictor of cardiovascular outcomes after cardiac
valve surgery.®® However, results should be interpreted
carefully due to the limited patients number. Furthermore,
xenograft should be the preferred option for patients with
SLE or APS, but more data should be obtained to confirm
these observations.®® Guidelines do not indicate special
treatment for patients with SLE.%2

Libman-Sacks (LS) endocarditis is a nonbacterial throm-
botic endocarditis found in approx. 1 in 10 SLE patients.>!
The vegetation on valves may develop as a result of fibrin
and platelet aggregation without bacterial infection pres-
ent.% Rarely, LS is associated with valve dysfunction — usu-
ally left side valves — mitral and aortic, but the involvement
of other valves is not excluded. The endothelial damage
is caused by hypercoagulability, typical for SLE, APS and
neoplasms,® so anticoagulant treatment should be con-
sidered in all patients with LS endocarditis. There is a sig-
nificant association between APS and LS endocarditis.
In one of the latest retrospective cohort studies, patients
with LS endocarditis were more likely to have p2GP1 IgG
antibodies and lupus anticoagulant.”? In another study, af-
ter comparing SLE patients with and without LS endocar-
ditis, the SLE group had a significantly higher prevalence
of aPL and a lower prevalence of SLE-specific antibodies.>®
However, the direct mechanism of endocarditis in these
patients is unknown and may be associated with immuno-
suppressive therapy. In practice, performing transthoracic
echocardiography in SLE patients with triple aPL positivity
can be useful for screening and can be confirmed by trans-
esophageal echocardiography. Anticoagulant treatment
should be considered alongside SLE treatment.

Electrophysiologic dysfunctions

SLE-linked structural changes can affect the conduc-
tion system. As previously stated, patients with SLE are
more likely to develop atherogenesis and, due to that, com-
monly suffer from ischemic cardiac events that can dam-
age conduction pathways and lead to arrhythmogenesis.®®
The prevalence of sinus node dysfunction was reported
as 4.3%.%” Of these patients, only 3.6% had a pacemaker im-
planted over a 5-year period.®” As inflammation processes
progress, myocardial cells are replaced by connective tis-
sue, disturbing repolarization and conduction.®® Patients
with SLE develop atrial fibrillation (AF) more frequently
than the general population,? with the most common
arrhythmias being tachyarrhythmias, specifically, sinus
tachycardia, AF and atrial ectopies.®’
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An association exists between anti-Ro/SSA antibodies
and QT prolongation.” Myung et al. reviewed 12-lead
electrocardiogram (ECG) records of 235 SLE patients and
assessed 53 patients with abnormalities that included si-
nus tachycardia (18% of patients), sinus bradycardia (14%),
QT prolongation (17%), and tachyarrhythmias (6%) such
as AF, atrial flutter, atrial tachycardia, and atrioventricular
nodal reentrant tachycardia (AVNRT)/atrioventricular re-
entry tachycardia (AVRT).”! Electrocardiography findings
correlated positively with age, disease duration, anti-nu-
clear antibody (ANA) titer, and disease activity (systemic
lupus erythematosus disease activity index (SLEDAI)-2K),
and were associated with hypertension, positive anti-SSA
and secondary Sjogren syndrome.”? A 2018 study con-
firmed the independent association between SLE and AF,
even after adjusting for age, sex, race, and CAD.” Further-
more, SLE patients have almost twice the increased risk
of hospitalization due to AF.7*

Corticosteroids and anti-malarial drugs, standard SLE
treatments, may cause tachyarrhythmias and QRS pro-
longation, but chloroquine may have a protective effect
on the conduction system.”>”® Furthermore, hydroxychlo-
roquine might induce QTc prolongation in SLE patients,”’
though the findings of the study published in 2022 did not
confirm clinically consequential QTc prolongation in SLE
patients treated with hydroxychloroquine.”®”® Tachycardia
can also be induced by other SLE therapeutics, including
mycophenolate mofetil, tacrolimus and rituximab, while
AF can be caused by rituximab. In the opinion of the Fed-
eral Drug Administration (FDA), azathioprine and belim-
umab do not affect conduction processes.®°

Pulmonary hypertension

The link between pulmonary hypertension (PH) and SLE
was first observed over 30 years ago.?-82 However, studies
assessing the prevalence of PH in SLE patients gave am-
biguous results. Pulmonary hypertension is a rare but se-
vere condition in SLE patients, and some papers report PH
as the first clinical lupus manifestation,®*-% with the prev-
alence of PH in SLE patients estimated at between 0.5%
and 17.5%.8¢ A meta-analysis of 23 cross-sectional studies
showed that PH may be present in 8% of patients with SLE,
though the prevalence differed depending on patient age,
gender, geographical region, and the year of the study.®”
Patients with SLE may present with different types of PH
resulting from interstitial lung disease, left heart disease,
pulmonary arterial hypertension (PAH), and chronic
thrombo-embolic complications.

According to Sun et al,, 2 clinical types of PAH can be
distinguished in SLE, including vasculopathic, character-
ized by low lupus activity, and vasculitic, with broad clini-
cal manifestations including pericarditis, rash, arthritis,
nephritis, and neuropsychiatric lupus.3® Kaplan—Meier
survival analysis showed that patients with the vascu-
litic type had a higher 3-year mortality rate than those
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with the vasculopathic type (34.5-40.2% compared to
13.0-18.6%, p < 0.05; hazard ratio (HR) 2.84-3.15) after
adjusting for treatment variations.?® The authors suggest
that 2 distinct phenotypes of PAH in SLE may have dif-
ferent pathophysiological processes. Moreover, the vascu-
litic PAH type seems more sensitive to immunosuppres-
sive therapy. There are 2 independent predictive factors
of the vasculitic subtype, which include the time interval
between the diagnosis of SLE and PAH (<2 years) and
an SLEDAI > 9. A weighted score 22, combining these
2 factors (time interval <2 years and >2 years were 1 and
0 points, respectively, while SLEDAI >9, 5-9 and <5 were
2, 1 and 0 points, respectively), was further developed
as a prediction model of vasculitic subtype.88-2°

The mechanism of PAH secondary to SLE was studied
employing genetic analysis due to the shared and unique
gene signatures of these diseases. The shared interferon
(IFN)-induced genes might be crucial for identifying new
biomarkers and potential therapeutic targets.”* Meta-anal-
ysis showed that modern therapy provides a similar reduc-
tion in morbidity/mortality risk in patients with connective
tissue disease-PAH compared to the PAH population over-
all and revealed that survival rates of SLE-PAH patients are
higher than those with systemic sclerosis-PAH.”® D-dimer
levels are a known predictive factor for PAH and may act
as a mediator of reduced low-density lipoprotein (LDL),
although optimal cutoff points and estimations of indi-
vidual pressure ranges are unknown.”?

Patients with SLE may benefit from PH screening us-
ing transthoracic ECG, lung function tests (forced vital
capacity and diffusion lung capacity for carbon monoxide)
and an N-terminal pro-B-type natriuretic peptide (NT-
proBNP) test, particularly in combination.”® Moreover,
genetic phenotyping may be a standard beneficial option
in the future. The latest work revealed HLA-DQA1%03:02
as a genetic variant associated with PAH in SLE patients.”*
The study included 172 patients with SLE and PAH con-
firmed by right heart catheterization and over 11,000
controls. Patients with PAH and the presence of HLA-
DQA1*03:02 had significantly lower rates of target role
achievement (p = 0.005) and survival (p = 0.04). Therefore,
genetic typing may open the way for individualized patient
care, which may be particularly beneficial in autoimmune
diseases since they have different patterns and manifes-
tations in each patient.”* Current guidelines recommend
the same algorithm for treating PAH associated with con-
nective tissue disease and idiopathic PAH, including treat-
ment of the underlying condition.®®

Heart failure

Pathomechanisms of heart failure (HF) include CAD,
but there are also many other causes, highlighting
the complexity of its development. Myocarditis and peri-
carditis, which are relatively common cardiac complica-
tions in SLE, may lead to HF.”*7 Patients with SLE have
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up to a twofold higher risk of developing HF compared
to the healthy population,®? and the coexistence of SLE
and HF contributes to increased mortality. Current HF
classification based on ejection fraction includes HF with
reduced ejection fraction (HFrEF), HF with mildly re-
duced ejection fraction (HFmrEF) and HF with preserved
ejection fraction (HFpEF),”® which is the most common
type in these patients, probably due to the multifacto-
rial nature of the disease and widespread inflammation.
Complications of HF in SLE patients are similar to those
in patients without autoimmune disorders and may con-
tribute to hospitalization or death. Diagnostic pathways
to confirm HF in SLE patients do not differ from those for
the general population,” and include symptoms, labora-
tory and echocardiographic assessments. Interestingly,
the high prevalence of subclinical HF confirmed with
cardiac magnetic resonance (CMR) is observed in SLE pa-
tients.'%° A prognostic tool was developed based on CMR
to enable stratification of SLE HFpEF risk, which may con-
tribute to a more accurate diagnosis and better treatment
approach. Nevertheless, this solution should be validated
in future trials.!®! Current guidelines do not recommend
special treatment for this group.”

Venous thromboembolism

The latest meta-analysis indicates a significantly higher
risk of venous thromboembolism (VTE) events, including
deep vein thrombosis and pulmonary embolism (risk ratio
(RR) =4.38,95% CI: 2.63-7.29), in SLE patients compared
to the general population.” Moreover, the absolute risk
of VTE in younger patients with SLE (<40 years) is higher
than in patients with SLE at the age of 41-64.7 A retro-
spective study with a median follow-up period of 13 years
revealed that VTE was the most frequent cardiovascular
event, accounting for 50% of the total.?!

The absolute risk of VTE events is higher in SLE pa-
tients with APS or aPL.” Similar to healthy populations,
SLE patients with normal D-dimer levels are at low risk
for thrombosis, and those with elevated D-dimer levels,
without other influencing comorbidities, are at high risk
for thrombosis.!?2 Higher risks of VTEs and the associated
risk factors among patients with SLE should be considered
when optimizing treatment to balance the risks and ben-
efits of the chosen therapy.’

Antiphospholipid syndrome is the primary determi-
nant for the recurrence risk of a first SLE-associated VTE,
meaning that indefinite anticoagulant therapy may be war-
ranted in SLE patients with secondary APS. In the absence
of APS treatment, decisions on SLE-associated VTE may
be approached similarly to the general population. How-
ever, studies on the bleeding risk of anticoagulant therapy
are needed to make an adequate benefit—risk assessment.
Furthermore, active SLE at the time of a VTE may act
as a transient provoking factor, but this finding needs to be
confirmed in future research.1%
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Advances in diagnostics

Accurate tools can detect and monitor even subclinical
changes in the cardiovascular system to prevent future car-
diovascular events (Fig. 3). The detection of CAD and per-
fusion deficits may be supported with computed tomog-
raphy (CT), single photon emission tomography (SPECT),
CMR, and invasive angiography, though there are no spe-
cific recommendations for patients with SLE in the cur-
rent guidelines.!®* The CAD diagnostic algorithm should
be primarily based on non-invasive assessments if there
are no severe symptoms refractory to medical therapy.!%*
Multidetector CT (MDCT) is used for non-invasive assess-
ment of calcium score, which reflects the extent, severity
and distribution of atherosclerotic plaques in arteries.1%>106
The specificity of this method is high, so it can exclude
clinically relevant stenosis, though the disease should be
confirmed using coronary angiography.

CT-fractional flow reserve (FFR) can be used to coronary
flow physiology, while single photon emission tomogra-
phy (SPECT) is a sensitive method to evaluate myocardial
perfusion defects. The extent, severity and reversibility
of myocardial perfusion abnormalities can be identified
at rest and under stress.!%-1%8 Ag myocardial perfusion de-
fects are predictors of CAD in SLE patients,'® SPECT may
be used for risk stratifying purposes. Myocardial blood
flow can also be measured using PET (positron emission
tomography) to reflect coronary flow reserve and may be
an early predictor of CAD in SLE patients.!'® Moreover,
it can assess coronary microvascular dysfunction in this
group.!!!

The presence of diffuse contrast enhancement in ves-
sel walls visualized with CMR indicates inflammation
and atherosclerosis in SLE patients.!'? However, such pat-
terns of enhancement can also be found in asymptomatic
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patients.!!® Other pathological findings include late gado-
linium enhancement (LGE) and signs of stress-perfusion
deficit observed in over 40% of SLE patients without known
CAD.M* Moreover, CMR is commonly used to assess myo-
cardial edema and ischemia and may be used to confirm
myocarditis. Patients with evidence of LGE on CMR are
more likely to develop CAD, atrial tachycardia, myocar-
ditis, pericarditis, HF, and myopericarditis, suggesting
that CMR should be considered as part of routine sur-
veillance in patients with SLE for prognostic value and
to guide management. Cardiac magnetic resonance can
help answer the question of the substrate behind cardiac
hypertrophy in SLE and what will guide the final deci-
sion for patients’ risk stratification and further treatment
(mainly to differentiate hypertrophic cardiomyopathy
from CAD). Cardiac magnetic resonance can also identify
the underlying pathophysiology of myocardial injury, such
as inflammation, fibrosis, microvascular damage, or sub-
epicardial ischemia,''®!1¢ which contribute to individual-
ized treatment management. Cardiac magnetic resonance
is widely used in the diagnostic pathway in patients with
SLE in early and even preclinical stages of autoimmune
diseases.”®!1” However, besides these benefits and general
use, there are no specific recommendations for the usage
of this method in SLE, probably due to poor availability
and high cost.

Future perspectives include the use of artificial intelli-
gence in accelerating the process of imaging, scar analysis
with prediction of major arrhythmic events, and obtain-
ing global circumferential strain, which may have prog-
nostic value in patients with normal CMR.!'#1° However,
it should be highlighted that, before considering introduc-
ing these solutions in patients with SLE, the algorithm
ought to be optimized for this group, which is often under-
represented in the trials.

Fig. 3. Suggested diagnostic
methods for patients with SLE
and high cardiovascular risk

ECG - electrocardiography;
SLE — systemic lupus
erythematosus. Created with
Biorender.com.
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The role of echocardiography cannot be ignored since,
as in other populations, it can assess cardiac systolic and
diastolic functions, valve abnormalities and contractil-
ity disorders and estimate the pulmonary hypertension
probability. There are no specific guidelines for using this
method in SLE patients, though it is commonly used due
to its wide availability, low cost and minimal complica-
tion risk. Libman—Sacks endocarditis is routinely detected
and monitored using transthoracic echocardiography and
transesophageal echocardiography, though studies report-
ing successful use of magnetic resonance imaging (MRI),
MDCT, PET-CT, and SPECT in endocarditis diagnostics
have also been published 120121

Therapeutic options and future directions

EULAR recommendations were formulated for the op-
timal management of cardiovascular risk in SLE patients
(Fig. 2). They include hyperlipidemia treatment in line
with the general population and BP control with a target
BP of less than 130/80 mm Hg, especially in concomi-
tant lupus nephritis. In this case, angiotensin-converting
enzyme inhibitors (ACEI)/angiotensin receptor blocker
(ARB) therapy should be used. In SLE patients with no
history of thrombosis or pregnancy complications, a pro-
phylactic dose of aspirin (75-100 mg daily) should be
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recommended for those with high aPL levels and may be
considered in those with low aPL.%2

High lupus activity is associated with increased car-
diovascular risk, so lupus activity should be carefully
controlled.*>!22 In lupus pharmacotherapy, glucocorti-
coids, immunosuppressants and anti-malarials are used,
though most studies suggest that a high mean daily and
cumulative dose of glucocorticoid increases cardiovas-
cular risk.!?2123 Therefore, EULAR recommends the low-
est possible glucocorticoid dose.*? In turn, hydroxychlo-
roquine is recommended for all SLE patients without
contraindications. Hydroxychloroquine use is associ-
ated with lower lupus activity, risk of atherothrombotic
events and CAD.*? Moreover, the latest meta-analysis
showed that anti-malarial agents, of which the most
popular was hydroxychloroquine, were associated with
reduced risk of diabetes mellitus type 2 and reduced
diastolic BP.1%*

There are no specific immunosuppressant recommen-
dations, though there was no association between car-
diovascular risk and the use of methotrexate, mycophe-
nolate, cyclosporine, or rituximab, while studies testing
cyclophosphamide and azathioprine gave incompatible
results*? (Fig. 4). Immunosuppressants and glucocorti-
coids are non-specific therapeutics with various systemic
adverse effects.

Fig. 4. European Alliance of Associations for Rheumatology Recommendations for CVR management in SLE and APS

CVR - cardiovascular risk; SLE — systemic lupus erythematosus; APS — antiphospholipid syndrome; ACE — angiotensin-converting enzyme;

aPL - antiphospholipid antibody. Based on Drosos et al.#?
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Currently, we face the challenge of developing bio-
logical molecular target-specific drugs.!?®> Belimumab,
an antibody against B cell-activating factor (BAFF) used
since 2011, was the first biologic approved for SLE pa-
tients. Studies found that belimumab modifies the course
of the disease and enables the gradual lowering of glu-
cocorticoid doses.!?® Anifrolumab, an anti-type I [FN
receptor antibody, was approved in the USA in 2021.1%
Ustekinumab targets I1L-12/23 (p40) and is currently
in clinical trials. In a randomized study, 37 (62%) of 60 pa-
tients in the ustekinumab group and 14 (33%) of 42 pa-
tients in the placebo group achieved a SLEDAI-2K re-
sponder index-4 (SRI-4) response (percentage difference
28%, 95% CI: 10-47, p = 0.006), which meant more pro-
nounced improvements in clinical parameters, including
global SLE disease activity responder index, joint counts,
mucocutaneous disease, disease flares, and laboratory pa-
rameters (C3 complement concentrations and anti-double
stranded deoxyribonucleic acid (dAsDNA) autoantibodies)
at week 24.128 Another drug, baricitinib, a Janus kinase
1/2 (JAK 1/2) inhibitor, mediates signal transduction for
IL-6,1L-12, IL-23, and IFN.!? Biological treatment seems
to be a promising strategy in SLE treatment and may lead
to the reduction of cardiovascular risk.

So far, we know that blood biomarkers such as IgG
against high-density lipoprotein (HDL) and paraox-
onase 1 (PON1) are increased in SLE patients (Table 1).
Anti-PONI is an indicator of decreased PON1 activity
in rheumatoid arthritis and is associated with carotid
intima-media thickness in SLE, while anti-HDL poses
a higher risk of CVD and lower HDL serum levels at dis-
ease onset.!3%131 A study from 2020 found an elevated
monocyte-to-HDL cholesterol ratio and a low-density

Table 1. Biomarkers in SLE patients related to increased CVD risk
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granulocytes-to-HDL cholesterol ratio in SLE patients
with traditional risk factors or subclinical atheromatosis
but not in those who were CVD-free.!®? The level of dys-
functional HDLs in atherosclerosis in SLE was found to be
affected by lupus therapy, which may be promising for
monitoring lupus treatment.!31:133.13

Asymmetric dimethyl arginine (ADMA) is an acute-
phase plasma protein, an endogenous nitric oxide in-
hibitor that rises through the activation of inducible
endothelial nitric oxide synthase (eNOS), and is a reli-
able marker of endothelial dysfunction in APS patients.
High serum ADMA levels may represent a risk factor
for disease activity and poor prognosis among SLE pa-
tients.!3>136 Other potentially useful biomarkers are pre-
sented in Table 1.121131.137-139

Biomarkers may help to detect SLE patients at high car-
diovascular risk and need further investigation to develop
personalized treatment.!*? Assessing biomarker levels and
genomic profiles may be the standard future strategy for
early detection of CVD or estimating cardiovascular risk
and monitoring therapies.

Limitations

Due to the complex characteristics of SLE, little is known
about the pathomechanisms affecting the development
of cardiovascular complications. As such, an explanation
for their presence has not been described in full. Further-
more, the autoimmune nature of SLE means the disease
course can vary greatly between patients. The studies ref-
erenced primarily refer to whole populations, though there
are subgroups in which the frequency of complications may
differ from those described in this work.

Biomarker Sample type | Levelin patients with SLE Clinical application
Associated with accelerated atherosclerosis;
lg-G against HDL and PON1 serum clevated can indicate early endothghal damage or premature
atherosclerosis in SLE patients;
therapeutic targets for preventing CVD in SLE patients.
LHR: MHR serum clevated Indicative of CVD risk in SI_'E patients even at the onset
of disease.
hs-cTriT serum clevated Independently associated WIFh cardiovascular events in SLE
patients.
lgG-anticardiolipin antibodies; E-selectin serum elevated Associated with CVD and disease activity.
Dysfunctional HDLs serum el Useful in monitoring the treatment of SLE.
by pharmacotherapy
) ) Useful for CVD risk stratification in accelerated carotid
Adiponectin serum elevated S
atherosclerosis in SLE young women.
S LOX-1 serum clevated Associated with |cheased CVD risk in SLE patients;
potential therapeutic target.
ADMA serum clevated Independently associated vgggeirlfothehal dysfunction in APS

SLE - systemic lupus erythematosus; CVD - cardiovascular disease; PON1 — paraoxonase 1; HDL - high-density lipoprotein; MHR — monocyte-to-high-
density lipoprotein cholesterol ratio; LHR — low-density granulocytes-to-high-density lipoprotein cholesterol ratio; hs-cTnT — high-senstivity cardiac

troponin; ADMA — asymmetric dimethyl arginine.
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Conclusions

Systemic lupus erythematosus is associated with an in-
creased risk of cardiovascular disorders, so its management
should involve early diagnosis and treatment of such com-
plications. At present, there are no specific guidelines for
cardiovascular risk prevention in SLE patients, and further
research on the topic is warranted. In the treatment process
of SLE patients, a personalized adaptation of EULAR and Eu-
ropean Society of Cardiology (ESC) guidelines should be im-
plemented to maintain low disease activity and use the low-
est possible glucocorticoid dosage to avoid complications.
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