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Systemic lupus erythematosus (SLE) is an autoimmune in�ammatory disease in which pathogenic autoantibodies and immune
complexes are formed and mediate multiple organ and tissue damage. �rombosis is one of the most common causes of death in
patients with SLE. Anticoagulant therapy blocks the vicious cycle between in�ammation and thrombosis, which may greatly
improve the long-term prognosis of patients with SLE. However, the etiology and pathogenesis of this disease are very complicated
and have not yet been fully clari�ed. �erefore, in the present review, we will highlight the characteristics and mechanisms of
thrombosis and focus on the anticoagulant drugs commonly used in clinical practice, thus, providing a theoretical basis for
scienti�c and reasonable anticoagulant therapy in clinical practice.

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disease with vasculopathy, as demonstrated by varying
clinical presentations ranging from mild mucocutaneous
disorders to multiorgan involvement in patients. �e global
incidence rate of SLE ranges from 1.5 to 11 per 100,000
person years, while the prevalence ranges from 13 to 7,713.5
per 100,000 individuals [1]. �e reasons for these di�erences
may be due to actual variation and due to di�erences in
study design and case de�nition.Women of childbearing age
are usually vulnerable to this disease. Genetic factors, in-
cluding polygenic and monogenic factors (such as HLA,
IRF5, ITGAM, STAT4, and CTLA4) [2] and genetic in-
teractions with environmental factors, particularly UV light
exposure, the Epstein–Barr virus (EBV) infection [3], hor-
monal factors, smoking [4], or medications [5] (such as
procainamide, hydralazine, quinidine, isoniazid, TNF-α
inhibitors [6], and anticonvulsants [7, 8]) are associated with
the pathogenesis of SLE. �romboembolic diseases were
responsible for one of every four deaths worldwide in 2010
and are the leading cause of death in patients with SLE [9].
SLE patients have 25-to 50-fold higher incidence of

thrombosis than the general population [10], with an in-
cidence of venous or arterial thrombosis exceeding 10%; the
incidence rate exceeds 50% in high-risk patients [11]. Men
are more likely to experience thrombotic events than women
[12, 13], and previous studies have shown that the risk of
myocardial infarction is 3-fold higher in men than in women
[14]. �rombosis is one of the most common causes of death
in patients with SLE [15]. However, most studies have fo-
cused on patients with antiphospholipid syndrome (APS) or
high-risk factors, ignoring that SLE itself is an independent
risk factor for thrombotic events; moreover, anticoagulation
therapy has also been mostly aimed at patients with APS and
pregnant patients, and the need for preventive anti-
coagulation therapy for patients with SLE has been rarely
studied.�erefore, in the present review, we will focus on the
causes of thrombosis in SLE and the commonly used an-
ticoagulant drugs in clinical practice.

1.1. Search Strategy. To identify all available studies, a de-
tailed search pertaining to thrombosis and anticoagulation
therapy in SLE was conducted. A systematic search was
performed in the electronic database PubMed (NCBI) by
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using the following search terms in all possible combina-
tions: systemic lupus erythematosus, autoimmune disease,
arterial thrombosis, vein thrombosis, cardiovascular disease,
anticoagulation, antithrombotic treatment, and antith-
rombotic prophylaxis. +e last search was performed on
March 15, 2022.

2. Thrombosis in SLE

+rombosis is a pathological process that involves the
formation of blood clots or emboli in blood vessels under
certain conditions. A prospective 5-year follow-up study of
219 patients with SLE demonstrated that 16% of patients had
a thrombotic event during the study period, among which
3.5% had arterial thrombosis and 12.5% had venous
thrombosis [16]. Smoking, old age, disease activity, use of a
lupus anticoagulant, and glucocorticoid dose were observed
to be the risk factors for the occurrence of venous throm-
bosis in lupus patients [17], whereas diabetes mellitus, hy-
pertension, dyslipidemia, nephrotic syndrome, and chronic
damage were found to be associated with arterial thrombosis
[10]. +e etiology and pathogenesis of SLE are very com-
plicated and have not yet been fully clarified. Recent studies
have reported that the contributing factors to thrombosis in
lupus are mainly related to major factors such as vascular
endothelial injury caused by autoantibodies, neutrophil
extracellular traps (NETs), scavenger receptors, protein C
pathway disorders, and glucocorticoid treatment.

2.1. Vascular Endothelial Injury. Endothelial cells maintain
the normal blood coagulation function through a dynamic
balance between coagulation and anticoagulation [18]. In
flares of SLE, the vascular endothelium plays a pivotal role in
initiating vasculopathy and thus contributes to organ injury.
Immune complexes, autoantibodies, and various cytokines
(TNF-α, MCP-1, IL-6, IL-8, IL-17, IL-12, and IL-18 [19–21])
are responsible for vascular endothelial injury in lupus. +is
is described in greater detail in the following section.

2.1.1. Anti-Endothelial Cell Antibody-Mediated Vascular
Endothelial Injury. Anti-endothelial cell antibody (AECA)
is an antibody that plays a role in SLE by acting as a potential
trigger of vasculopathy; it belongs to immunoglobulin A, G,
or M [22] and binds to antigens through the F (ab) 2 region
[23]. AECA is a heterogeneous group of autoantibodies that
can react with different endothelial cell-associated antigenic
structures [24], such as heparin-like compounds, DNA and
DNA-histone complexes, PO and L6 ribosome proteins,
elongation factor 1a, fibronectin, and β2-glycoprotein I [25],
which promote tissue factor (TF) production and lead to
vascular damage. Endothelial cell apoptosis may also be
induced by AECA [26]. Several studies have also revealed
that the presence of AECA is associated with renal in-
volvement, vascular lesions, pulmonary hypertension,
anticardiolipin antibodies, and thrombosis in lupus [27–29].
+erefore, AECA is one of the important factors of vascular
endothelial injury.

2.1.2. Antiphospholipid Antibody-Mediated Vascular Endo-
thelial Injury. Statistics indicate that 30% to 50% of patients
with SLE are positive for antiphospholipid antibody (aPL).
aPL is widely considered one of the top risk factors for
thrombosis [30]. It is speculated that aPL interferes with the
endothelial function and promotes thrombosis. Amital et al.
suggested that the deposition of aPL in the heart valves
initiates the inflammatory process. Supporting evidence for
this hypothesis was provided by Afek et al., who demon-
strated that the markers of endothelial cell activation were
upregulated in the valves of patients with APS [31]. Man-
ukyan et al. showed that aPL can induce the expression and
procoagulant activity of TF in monocytes and endothelial
cells. +ese results indicate that aPL plays an important role
in TF expression. +e high expression of TF increases the
production of activated coagulation factors FVII, FX, and
thrombin which contribute to the development of a hy-
percoagulable state and an increased risk of thrombosis. In
conclusion, aPL induces the production of proadhesive,
proinflammatory, and procoagulant molecules that provide
a persuasive explanation for the induction of thrombosis in
APS [31].

2.1.3. Anti-Neutrophil Cytoplasmic Autoantibody-Mediated
Vascular Endothelial Injury. Anti-neutrophil cytoplasmic
autoantibodies (ANCA) are a class of autoantibodies re-
sponsible for causing systemic vascular inflammation by
binding to target antigens on neutrophils [32]. Several
studies have shown that ANCA can activate neutrophils that
attach to the endothelium of the blood vessels and release
reactive oxygen species (ROS), nitric oxide, inflammatory
cytokines (TNF-α, IL-1β, IL-8, and IL-12), toxic substances
(serine proteases), and NETs, which result in vascular en-
dothelial injury in small blood vessels [33, 34].

2.1.4. Coagulation System Activation. Endothelial cells
provide a nonthrombotic surface under physiological con-
ditions, which avoids the adhesion of platelets or other blood
cells and thus prevents the occurrence of clotting cascades.
When endothelial cells are damaged by autoantibodies, a
series of coagulation reactions are initiated [35]. If there is a
vessel damage, vasoconstriction occurs as a critical initial
response. +is causes a reduction in vessel diameter and
slows down the blood flow, which is the hemodynamic basis
for the subsequent hypercoagulability processes [18, 36].
Circulating blood cells and endothelial cells lining blood
vessels generally do not express TF and are exposed to blood
after vascular injury [18, 37]. TF is a promoter of the ex-
trinsic pathway [38]. Moreover, when the endothelium is
damaged, the underlying collagen is exposed to circulating
platelets, which activates the intrinsic coagulation pathway.
Platelets that circulate in the bloodstream adhere directly to
collagen through the glycoprotein (GP) Ia/IIa surface re-
ceptors. +is adhesion is further enhanced by the von
Willebrand factor (vWF) released by vascular endothelial
cells and platelets. +ese interactions also activate platelets.
Activated platelets release ADP, serotonin, platelet activating
factor (PAF), vWF, and thromboxane A2 (TXA2) into
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plasma, which subsequently activates additional platelets.
Activated platelets change their shape from spherical to
stellate, and fibrinogen is crosslinked with GP IIb/IIIa, which
contributes to the aggregation of adjacent platelets [39].
Eventually, these reactions result in increased platelet ag-
gregation and an increased risk of thrombosis (Figure 1).

2.2. NETs. Neutrophils are well known as an important part
of innate immunity [40]. +e role of neutrophils in
thrombosis has only recently received attention. Darbousset
et al. demonstrated that neutrophils are the first cytokines to
be recruited to the location of endothelial dysfunction prior
to thrombosis [41]. Neutrophils can cause pathological
venous and arterial thrombosis or “immune thrombosis” by
releasing NETs, which are networks of chromatin fibers
released during neutrophil necrosis. NETs include histones,
antimicrobial peptides, and oxidizing enzymes such as
neutrophil elastase and myeloperoxidase [42]. Neutrophils
have been shown to have an enhanced ability to produce
NETs in patients with SLE [43]. Moreover, most patients
with SLE have an impaired ability to degrade NETs [44].
Neutrophils that produce NET structures trigger an in-
flammatory response that leads to endothelial damage and
induces dendritic cells to produce interferons, thus, am-
plifying the autoimmune response [45]. NETs play a crucial
role in thrombosis by participating in platelet adhesion and
fibrin generation [46]. +erefore, intervening NETs could be
a potential target for anticoagulation therapy.

2.3. Administration of Glucocorticoids. Synthetic glucocor-
ticoids are commonly used as the first-line treatment of
lupus because of their strong anti-inflammatory effects and
immunosuppressive properties. However, glucocorticoids
may damage the homeostasis of the coagulation system and
increase the risk of thrombosis in patients with lupus [47].
Glucocorticoids may aggravate coagulation abnormalities by
releasing coagulation factors, inhibiting fibrinolysis, and
aggravating endothelial injury [48]. Glucocorticoids can
increase the levels of blood clotting factors FVII, FVIII, FXI,
and PAI-1, thereby promoting coagulation and inhibiting
fibrinolysis [47]. Glucocorticoids can also cause abnormal
lipid metabolism, thus aggravating the existing hypercoag-
ulable state [48]. Consequently, during chronic maintenance
treatment, glucocorticoids should be minimized to less than
7.5mg/day and withdrawn when possible. If possible, the
tapering/discontinuation of glucocorticoids should be ex-
pedited by initiating treatment with appropriate immuno-
modulatory agents [49].

2.4. Macrophage Scavenger Receptors. Scavenger receptors
(SRs) have a wide range of functions and are thought to be
involved in complex events such as antigen presentation,
lipid metabolism, phagocytosis, and apoptotic cell clearance
[50]. SRs are structurally diverse and are categorized into
seven classes (A–G) according to the multidomain structure
of the individual members [51]. Current studies have con-
firmed that the dysfunction of SRs is involved in the

pathogenesis of SLE [52, 53]. CD36 is a transmembrane
glycoprotein of the class B SR family that has proatherogenic
properties in SLE [54, 55]. In addition, by stimulating CD36
on the surface of platelets, oxLDL promotes platelet acti-
vation and renders a prothrombotic state [50, 56]. Reiss AB
reported that SLE patient plasma markedly stimulated ex-
pression of CD36 message in a dose-dependent manner in
THP-1 human monocytes [57]. +erefore, a strategy to
prevent atherosclerosis by blocking CD36 activity may be an
attractive target for pharmacological intervention.

2.5. Protein C Pathway. +e protein C pathway is a natural
anticoagulant that plays an important role in regulating
coagulation and fibrinolysis and in preventing thrombosis
[58]. +e pathway includes thrombin, thrombomodulin,
endothelial cell protein C receptor (EPCR), protein C, and
protein S [59]. Disorders of the protein C pathway in SLE
have received considerable attention in recent years.
Antithrombomodulin antibodies interfere with the activated
protein C (APC) and aPL interferes with the protein C
pathway, which leads to an increased risk of thrombosis [60].
+e lupus anticoagulant also increases resistance to APC
[61]. Although APC resistance increases the risk of venous
thrombosis, it remains unclear whether it increases the risk
of arterial thrombosis [62]. Patients with SLE have been
found to carry anti-PS autoantibodies that can form immune
complexes which induce increased protein S clearance or
interfere with the protein C-protein S system [63]. +us,
modulation of this pathway may be therapeutically
beneficial.

3. Current Treatment Options

Over the past decades, the treatment of SLE has shifted from
the use of hydroxychloroquine (HCQ), glucocorticosteroids,
and conventional immunosuppressive drugs to biological
agents, among which belimumab is the first and only bio-
logical agent approved for treating SLE to date [64]. Because
of the application of biological agents, the prognosis of
patients with SLE has significantly improved; however, with
the prolongation of patients’ survival, the incidence of
complications such as thrombosis has increased. Treatment
strategies are mostly focused on controlling disease activity
while minimizing the accumulation of damage associated
with active disease and drug-related adverse effects [65, 66];
however, anticoagulant treatment strategies in lupus are
limited. +erefore, we will focus on the commonly used
anticoagulant drugs in clinical practice and their mechanism
in treating SLE.

3.1. Aspirin. Aspirin is an acidic nonsteroidal drug with
antipyretic, analgesic, and anti-inflammatory properties.
Apart from its original use as an analgesic and antipyretic
drug, aspirin is commonly used today in low doses to
prevent cardiovascular disease (CVD) [67]. Aspirin induces
an antithrombotic effect by suppressing platelet reactivity
through the inhibition of the cyclooxygenase activity of
prostanglandin H synthase-1 (COX-1), which inhibits TXA2
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synthesis [68]. A long-term retrospective cohort study
showed the use of low-dose aspirin as the primary pro-
phylaxis for cardiovascular events in patients with SLE [69].
Multiple meta-analyses and EULAR recommended that low-
dose aspirin reduces the risk of first thrombotic events in
asymptomatic aPL individuals, patients with SLE, and
pregnant women with APS [70–72]. Low doses of aspirin
reduced the embryo resorption in a model of experimental
APS induced in pregnant mice and restored placental hCG
secretion abolished by the effect of aPL [73]. On the basis of
these studies, it seems logical that all patients with SLE
should be considered for low-dose aspirin treatment unless
there are definite contraindications. +e evidence, however,
mainly comes from observational studies, and rigorous
large-scale experimental studies are required to provide
stronger scientific evidence in the future.

3.2. Warfarin. Warfarin is the most commonly used oral
anticoagulant. It interferes with the formation of clotting
factors II, VII, IX, and X, as well as proteins C and S by
antagonizing vitamin K [74].Warfarin is commonly used for
thromboembolic prophylaxis in patients with APS [75, 76].
However, less evidence is available on the use of warfarin in
patients with SLE. A prospective multicenter research trial
showed that warfarin (1–5mg/day) started at the same time
as a steroid therapy for at least 3 months can prevent the
occurrence of osteonecrosis associated with SLE [77]. +e
most common side effect is bleeding. +erefore, pro-
thrombin time (PT) should be monitored during warfarin
administration. To overcome the differences in PT acqui-
sition through the use of different reagents, standardized
ratios (international standardized ratios or INR) have been
developed, with a target INR of 2.5 believed to provide a

good balance between antithrombotic activity and bleeding
risk. When PT and INR do not meet the standard levels, the
drug should not be used [78]. Warfarin can cross the pla-
centa, and exposure to warfarin between 6 and 12 weeks of
gestation can cause fetal warfarin syndrome [79]. +erefore,
the use of warfarin should be avoided during the 6–12 weeks
of gestation [80].

3.3.Heparin. Heparin is a glycosaminoglycan that inhibits
thrombin and several activated clotting factors (XIIa, IXa,
XIa, and Xa) by inducing conformational alterations that
enhance antithrombin III activity [81]. Currently, the
commonly used heparins in clinical practice include
unfractionated heparin and low-molecular-weight hepa-
rin. Because unfractionated heparin has a highly variable
dose-response relationship, activated partial thrombo-
plastin time (aPTT) levels need to be monitored fre-
quently to ensure treatment levels [82]. Low-molecular-
weight heparin also shows little nonspecific binding with
plasma proteins and endothelial cells, thereby reducing
the risk of severe bleeding, thrombocytopenia, and os-
teoporosis caused by heparin [83]. +erefore, low-mo-
lecular-weight heparin is often used as an adjuvant
treatment for patients with SLE, which can effectively
improve the pregnancy outcome of these patients [84, 85].
Girardiet al. conducted an experimental in vivo study and
demonstrated that C3 and C5 activation can amplify the
procoagulant effects of aPL. Heparin appears to prevent
aPL-induced pregnancy loss by inhibiting C3 and C5
activation rather than its anticoagulant effect [86].

3.4. HCQ. HCQ is a hydroxylated analog of chloroquine
that inhibits the plasmodium heme polymerase and was
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Figure 1: When endothelial cells are damaged by autoantibodies (ANCA,AECA,APL) and neutrophil extracellular traps, collagen and TF
are exposed to the circulating blood, which the coagulation cascade is activated. Circulating platelets adhere directly to collagen via
glycoprotein Ia/IIa surface receptors. +is adhesion is further enhanced by the release of von Willebrand factor (vWF) from the damaged
vascular endothelium and activated platelets. +ese interactions further activate platelets,which ultimately lead to increased platelet ag-
gregation and thrombosis.
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originally used as an antimalarial drug [87]. However, recent
studies have revealed that it can not only block antigen
presentation, reduce T cell activation [88], and inhibit the
production of proinflammatory cytokines and angiogenesis
[89] but it can also serve as a basic medicine for lupus. More
importantly, HCQ possesses multiple hematological
mechanisms, including reduction in red blood cell sludging,
blood viscosity, and platelet aggregation, which may explain
its benefit as an antithrombotic agent [90]. Several studies
have shown that HCQ is protective against thrombosis
[91–93]. HCQ can also inhibit the binding of the anti-
phospholipid antibody β2-glycoprotein I complex to the
phospholipid bilayer, which reduces the risk of thrombosis
in APS [94]. Given that HCQ has been shown to be beneficial
in patients with lupus by delaying the onset of damage in
general increasing long-term survival, it is recommended for
all patients with lupus [95]. However, its long-term use may
be rarely accompanied by some serious side effects, espe-
cially retinopathy. Hence, the risk of eye complications
should be assessed regularly [87].

4. Conclusion

In conclusion, patients with SLE are prone to thrombotic
events. Currently, the management of anticoagulation relies
on experts’ opinion, and consensus is lacking. Despite the
lack of evidence from randomized controlled trials, given the
broad spectrum of beneficial effects and the safety profile,
HCQ is recommended for all lupus patients, and all patients
with SLE should be considered for low-dose aspirin treat-
ment. In the future, more evidence-based studies are re-
quired to delineate the patients who may benefit from
anticoagulation, especially non-high-risk patients with SLE.
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