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Cardiovascular (CV) morbidity and mortality are a challenge in management of patients with systemic lupus erythematosus (SLE).
Higher risk of CV disease in SLE patients is mostly related to accelerated atherosclerosis. Nevertheless, high prevalence of
traditional cardiovascular risk factors in SLE patients does not fully explain the increased CV risk. Despite the pathological bases
of accelerated atherosclerosis are not fully understood, it is thought that this process is driven by the complex interplay between
SLE and atherosclerosis pathogenesis. Hydroxychloroquine (HCQ) is a cornerstone in treatment of SLE patients and has been
thought to exert a broad spectrum of beneficial effects on disease activity, prevention of damage accrual, and mortality.
Furthermore, HCQ is thought to protect against accelerated atherosclerosis targeting toll-like receptor signaling, cytokine
production, T-cell and monocyte activation, oxidative stress, and endothelial dysfunction. HCQ was also described to have
beneficial effects on traditional CV risk factors, such as dyslipidemia and diabetes. In conclusion, despite lacking randomized
controlled trials unambiguously proving the protection of HCQ against accelerated atherosclerosis and incidence of CV events
in SLE patients, evidence analyzed in this review is in favor of its beneficial effect.

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune inflammatory disease characterized by a broad range
of clinic manifestations and serologic findings [1, 2]. The
prevalence of SLE ranges between 28.3 and 149.5 cases per
100,000 people and is higher in females of childbearing
age [3]. Patients with SLE have a 2 to 3 times increased
risk of premature death. Cardiovascular disease (CVD) is
the leading cause of mortality regardless of time after diag-
nosis [4, 5]. The overall risk of myocardial infarction (MI)
in SLE patients is 10-fold higher than that in the general
population; however, it is much greater in young SLE

women aged 35–44 years old, who are over 50 times more
likely to have a MI, than in age-matched women without
SLE [6, 7]. Noteworthy, the increased awareness of the
burden of CVD in patients with SLE has not yet translated
into decreased rates of hospitalization for acute MI or
stroke [8, 9].

The higher risk of CVD in SLE patients is mostly related
to accelerated atherosclerosis, which leads to clinical symp-
toms and manifestations at an earlier age compared to the
general population [10]. Despite the pathobiological bases
of accelerated atherosclerosis are not fully understood, it
is thought that this process is driven by the complex inter-
play between autoimmunity, inflammation, vascular repair,
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traditional risk factors, and therapeutic agents [10, 11]. As
a result, not surprisingly, the traditional Framingham
cardiac risk factors do not fully explain the increased prev-
alence of CVD observed in SLE [6, 12–14]. Moreover,
multiple SLE-related features of autoimmunity have been
associated with accelerated atherosclerosis [10, 11, 15, 16].

Hydroxychloroquine (HCQ) has been used for more
than 50 years in the treatment of SLE patients. Over the last
decades, an increasing number of in vitro and in vivo studies
have highlighted the potential protective effect of HCQ
against CVD through multiple mechanisms of action. This
review discusses the role of SLE-related and SLE-unrelated
factors in the pathophysiology of accelerated atherosclerosis,
the pharmacology of HCQ, and the available evidence
regarding the effects of this agent in reducing CV risk in
SLE patients.

2. SLE and Accelerated Atherosclerosis

Roman et al. reported an increased prevalence of atheroscle-
rosis, as determined by ultrasound assessment of carotid
plaques, in patients with SLE (RR 2.4; 95% confidence inter-
val (CI), 1.7–3.6; P < 0 001), particularly in those younger
than 40 years which prevalence was 5.6 times higher than
healthy controls [17]. Similarly, Asanuma et al. found a
significantly higher prevalence of coronary calcification
(OR 9.8, 95%CI 2.5–39.0, P = 0 001) and greater coronary
artery calcium scores (P < 0 001) in SLE patients than in
healthy controls [18].

Longer disease duration (OR 2.14, 95%CI 1.28–3.57;
P = 0 004) and higher disease-related Systemic Lupus Inter-
national Collaborating Clinics (SLICC)/damage index (SDI)
(OR 1.26 per SDI point score, 95%CI 1.03–1.55, P = 0 03)

were identified as independent predictors of carotid plaque
in SLE [17]. In some studies, lupus disease activity was
significantly associated with subclinical measures of athero-
sclerosis in univariate analysis, but its independent effect
was not confirmed in multivariate analysis [19–21].

3. Interplay between SLE and Atherogenesis

The increasing evidence that both adaptive and innate
immunity take part in the initiation and progression of
atherosclerosis suggests that the dysregulation of the immune
system of SLE could play an independent role in atherogene-
sis (Table 1) [22].

3.1. Endothelial Dysfunction. Endothelial dysfunction is
one of the earliest signs of atherosclerosis [16, 23], result-
ing in increased expression of adhesion molecules and
impaired vasodilation [24]. A recent meta-analysis, of 25
case-control studies involving 1313 SLE patients and 1012
healthy controls, confirmed that patients with SLE who are
naïve of cardiovascular disease have impaired endothelial
function as determined by brachial artery flow-mediated
dilation [25].

An imbalance between circulating apoptotic endothe-
lial cells (ECs), indicative of vascular damage, endothelial
progenitor cells (EPCs), and circulating myelomonocytic
angiogenic cells (CACs), expression of vascular repair
mechanisms, was described in SLE patients [26, 27]. Such
findings correlate with the presence of endothelial dysfunc-
tion (beta =−4.5, P < 001) assessed by brachial artery flow-
mediated dilation [26].

Both endothelial damage and the initiation of the athero-
genic process are influenced by the redox environment.

Table 1: Possible protective effects of HCQ on the interplay between atherosclerosis and SLE pathogenesis.

Features of SLE pathogenesis HCQ Features of atherosclerosis pathogenesis

Imbalance between endothelial damage
and repair mechanisms

Endothelial dysfunction

Increased oxidative stress Endothelial damage and impaired vasodilatation

Increased macrophage activation Monocyte recruitment and activation in atherosclerotic plaques

Hyperactive T-cell with increased survival T-cell recruitment and activation in atherosclerotic plaques

Dysregulation of TLR2 and TLR4 activation;
activation of TLR7 and TLR9 by anti-DNA

Overexpression and activation of TLRs (especially TLR2/TLR4)

Increased levels of IFNα
Increased activation of macrophages and foam cells

in the atherosclerotic plaques

Increased levels of TNF-α, IL-17, IL-6
Increased macrophage activation, adhesion molecule expression,

chemotaxis, and inhibition of SMC proliferation

Increased levels of IFN-γ
Increased expression of adhesion molecule expression and
inhibition of SMC proliferation and collagen production

Increased prevalence of anti-ApoA-1
antibodies and proinflammatory HDL

Decreased antiatherosclerosis HDL function

The arrows represent the interplay between SLE and atherogenesis. The crosses represent the proved (black) or potential (blank) action of HCQ in inhibiting the
proatherogenic effect of SLE.
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Patients with SLE have increased concentrations of reactive
oxygen species (ROS) and decreased antioxidant defense
mechanisms which provide a favorable environment for
oxidation of lipoproteins and atherosclerosis development
[28, 29]. Moreover, a positive correlation between SLE dis-
ease activity and oxidative stress was observed in some
studies [28, 30, 31], but not in others [32, 33].

Further potential mechanisms involved in endothelial
dysfunction in SLE include alterations in lipid profile with
increased oxidized LDL (ox-LDL) and proinflammatory
high-density lipoproteins (HDL) [11], high frequency of
low-density granulocytes (LDG) with direct toxic effect on
the endothelium [34], renal involvement, and antiphospholi-
pid antibodies [35, 36].

3.2. Monocytes and T-Cell Recruitment and Activation.
Due to the overexpression of adhesion molecules and the
increased chemokine releasing by activated ECs, mono-
cytes can migrate into the intima and differentiate into
macrophages. The uptake of ox-LDL by scavenger recep-
tors leads to a further transformation into foam cells that
secrete proinflammatory cytokines under the toll-like
receptor (TLR) stimuli [22]. Macrophage activation, as
assessed by serum neopterin measurement, was demon-
strated to be increased in SLE patients (median (IQR) serum
neopterin nmol/L: 8.0 (6.5–9.8) versus 5.7 (4.8–7.1) in SLE
and healthy controls, resp.) [37] and to correlate with
SLE disease activity [38, 39]. However, a significant associ-
ation with coronary calcium in SLE patients was not
observed [37].

T-cells, consisting predominately of CD4+ T helper 1,
are recruited to nascent atherosclerotic plaques similarly
to monocytes and represent approximately 7–17% of the
cells in the lesion [40]. T-cells have been shown to be
hyperactive in lupus patients, with reduced apoptosis rate
and increased survival [41–43]. In support of the role of
CD4+ T-cells in the link between SLE and atherosclerosis,
Stanic et al. demonstrated an increased infiltration of
CD4+ T-cells into the atherosclerotic lesions of LDLr−/−

mice following transfer of bone marrow from lupus-
susceptible mice [44].

3.3. Toll-Like Receptors. The toll-like receptors (TLRs), a class
of pattern recognition receptors expressed on multiple cells
involved in innate immunity, were demonstrated to be
involved in atherogenesis [45, 46]. Edfeldt et al. found that
the expression of TLR1, TLR2, and TLR4 was markedly
enhanced in human atherosclerotic plaques [47]. Miller
et al., in their in vitro experiments, reported that the binding
of TLR4 and CD14 to ox-LDL on macrophages inhibits the
phagocytosis of apoptotic cells, upregulates the expression
of the scavenger receptor, and increases the uptake of
ox-LDL [48].

Recent studies described a dysregulated activation of
TLR2 and TLR4 in SLE patients, resulting in upregulated
production of autoantibodies and cytokines [49]. Moreover,
the endogenous anti-DNA antibody immune complexes typ-
ical of SLE can bind TLR7 and TLR9 on active plasmacytoid
dendritic cells (DCs) and promote the release of IFNα. This

leads to the recruitment of activated inflammatory cells,
self-perpetuating the process of inflammation and plaque
formation [46].

3.4. Cytokines. Many cytokines are involved both in athero-
sclerosis and SLE pathogenesis. IFNα is a multifunctional
cytokine which plays a pivotal role in SLE pathogenesis. IFNα
concentrations are increased in SLE patients, associate with
disease activity [50], and seem to be involved in endothelial
dysfunction. Denny et al. demonstrated that IFNα induces
EPC and CAC apoptosis and skews myeloid cells toward
nonangiogenic phenotypes, whilst neutralization of IFN
pathways led to a normalization of the EPC/CAC phenotype
[27, 43]. Recently, IFNα has been claimed to serve as a
proatherogenic mediator through repression of endothelial
NO synthase-dependent pathways promoting the develop-
ment of endothelial dysfunction and cardiovascular disease
in SLE [51].

IFNγ, a key regulator of immune function, was demon-
strated to be highly expressed and to play a crucial role both
in SLE and in atherosclerosis [52, 53]. IFNγ participates in
atherogenesis by stimulating ECs and macrophage activa-
tion, proinflammatory mediator production, and adhesion-
molecule expression and by inhibiting smooth muscle cell
proliferation and collagen production [22, 54].

Other cytokines overexpressed in SLE, such as TNF-α,
IL-17, and IL-6, participate in the initiation and perpet-
uation of the atherosclerotic process by stimulating the
activation of macrophages, inducing the secretion of
matrix metalloproteinases, upregulating the expression
of adhesion molecules on the ECs, increasing the con-
centration of chemotactic messengers, and affecting the
proliferation of smooth muscle cells [15, 55–59]. In
SLE, serum TNF-α concentrations have been reported to
be elevated and to correlate with CVD and altered lipid
profiles [60, 61].

3.5. Reduced Protective Effect of High-Density Lipoproteins.
HDL have atheroprotective effects through the inhibition
of oxidative modification of LDL, stimulation of reverse
cholesterol transport, and attenuation of endothelial dys-
function. During the acute phase of inflammation, HDL
can be converted from anti-inflammatory to proinflamma-
tory molecules that promote LDL oxidation [62, 63].
McMahon et al. found that a higher proportion of SLE
patients had proinflammatory HDL (44.7% of SLE patients
versus 4.1% of controls, P < 0 006 between all groups), which
correlated with ox-LDL concentrations (r = 0 37, P < 0 001)
and coronary artery disease (P < 0 001) [64].

The prevalence of antibodies against apolipoprotein A1
(anti-ApoA-1), the main component of HDL, is significantly
higher in patients with acute coronary syndrome (21%) and
in patients with SLE and/or antiphospholipid syndrome
(13–32%), than in healthy subjects (1%) [65, 66]. Although
the direct demonstration of a cause-effect relationship is
needed, the high prevalence of anti-ApoA-1 autoanti-
bodies in SLE patients is supposed to play a role in
accelerated atherosclerosis.
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4. Increased Prevalence of Traditional
Cardiovascular Risk Factors in SLE

Some of the traditional risk factors for atherosclerosis,
such as dyslipidemia, diabetes, and hypertension, have an
increased prevalence in SLE patients [67].

4.1. Dyslipidemia. SLE patients exhibit an increased
incidence of proatherogenic lipid profile, consisting in low
concentrations of HDL and high concentrations of triglycer-
ides, total cholesterol, and LDL [43]. The increased preva-
lence of dyslipidemia in SLE may be due to both steroid
therapy and disease-related pathogenetic mechanisms,
including increased C-reactive protein levels, cytokine release
(e.g., TNF-alpha and IL-6), and antibodies against lipopro-
tein lipase (LPL) affecting the balance between pro- and
antiatherogenic lipoproteins [68]. In 918 SLE patients of
the Systemic Lupus International Collaborating Clinics’
cohort, the prevalence of hypercholesterolemia was 36%
at diagnosis and 60% 3 years later [69]. Moreover, in the
same cohort, hypercholesterolemia was significantly associ-
ated with CV events (OR=4.4, 95%CI 1.51–13.99) [70].

4.2. Hypertension.Hypertension is an independent risk factor
CV in SLE (OR 5.0; 95%CI 1.3–18.2) [70]. In a case-control
study, Bruce et al. reported a 2.59 RR (95%CI 1.79–3.75) of
hypertension in women with SLE [12]. In a multivariate anal-
ysis, Doria et al. found that hypertension was associated with
atherosclerosis by means of higher carotid intima-media
thickness in SLE patients [21].

4.3. Diabetes and Insulin Resistance. An increased prevalence
of insulin resistance and diabetes was reported in several
studies [70–72], but not in all [73]. Bruce et al. reported a
6.6 RR (95%CI 1.36–26.53) of diabetes, which is an estab-
lished risk factor for CVD, in SLE women [12].

An unbalance in adipokine production, consisting of
lower concentrations of adiponectin and higher concentra-
tions of leptin, was proposed as a potential cause of the
increased prevalence of insulin resistance in SLE, as well as
corticosteroid use [74]. However, neither insulin resistance
nor diabetes has been shown to independently predict CV
events in SLE cohorts [70, 72].

Dyslipidemia, hypertension, and insulin resistance can
be part of metabolic syndrome that was observed to be
more frequent in SLE patients compared with controls
(32.4% versus 10.9%; P < 0 001) and associated to an
increased risk of atherosclerosis by means of aortic pulse
wave velocity [75, 76].

5. Hydroxychloroquine Pharmacology

HCQ is an antimalarial agent that has been used for many
years in treating inflammatory rheumatic diseases, especially
SLE and rheumatoid arthritis. HCQ is administered orally as
the sulphate salt and, being a weakly basic drug, is rapidly
absorbed in the upper gastrointestinal tract with a large vol-
ume of distribution. HCQ is then dealkylated by cytochrome
P450 enzymes into its active metabolite desethyl-HCQ [77].
The systemic clearance is by renal excretion with a long tissue
half-life of 40–50 days. HCQ may take up to 4–6 weeks for
the onset of therapeutic action and 3–6 months to achieve
the maximal clinical efficacy. The recommended dose of
HCQ is 200–400mg daily or about 5mg/kg/day in a
weight-based regimen [77]. According to Durcan et al. [78],
HCQ dosing based on actual body weight, instead of ideal
weight, is appropriate for patients with SLE. Blood HCQ
concentrations can be measured with available commercial
kits, which may help in adherence monitoring and the
identification of individualized therapeutic regimens [79].

HCQ has numerous and complex mechanisms of
action (Figure 1). The increasing pH in the intracellular
compartments (“lysosomotropic action”) favors HCQ-
mediated interference with phagocytosis, receptor recycling,
antibody production, and selective presentation of self-
antigens [67]. Moreover, HCQ blocks T-cell and monocyte
proliferation, inhibits TLR signaling, and downregulates
cytokine production including TNF-alpha, IL-17, IL-6, IFNα,
and IFNγ [77].

6. Hydroxychloroquine Clinical Benefits in SLE

6.1. Disease Activity. The first study on HCQ clinical efficacy
in SLE randomized 25 patients to continue HCQ on
stable dose therapy and 22 patients to switch to placebo for
24 weeks. A lower rate of flare (36% versus 73%, P = 0 02;

T-cell proliferation TLR activation cytokines production (TNF�훼, IFN�훼, and IL-6) 

self-antigen presentation

antibody production

prostaglandin production

platelet aggregation

oxidative stress insulin clearance lipids level

Hydroxychloroquine
mechanisms of action

Figure 1: HCQ mechanisms of action.
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RR 2.5 95%CI 1.1–5.6) was observed in the HCQ group [80].
More recently, Ruiz-Irastorza et al. systematically reviewed
the effect of HCQ on lupus activity and identified 8 studies,
of which 3 were randomized controlled trials [81]. All studies
were of high quality and consistently found lupus disease
activity and flares to be significantly reduced in patients
treated with HCQ [81, 82].

6.2. Atherosclerosis. Some studies did not find any effect
of current [20, 83] or past [84–87] treatment with HCQ
on the presence of atherosclerosis. On the other hand,
Roman et al., in multivariate analysis, found a borderline-
independent effect of current or former treatment with
HCQ (adjusted OR 0.49; 95%CI 0.21–1.12; P = 0 09) in
reducing plaque burden, on carotid ultrasound, of SLE
patients [17]. Moreover, the current use of HCQ was associ-
ated with significantly lower (partial R2 0.025; P = 0 032)
aortic stiffness, measured by pulse wave velocity, in premen-
opausal SLE women [88]. Noteworthy, the only study
specifically designed to analyze the effect of treatment with
HCQ on atherosclerosis, albeit conducted in a relatively
small population (n = 41), found increased large artery
elasticity (13.7 versus 8.3mmHg×ml× 10; P = 0 006) and
reduced systemic vascular resistance (14.4 versus 18.4
dyne× sec× 10−3; P = 0 05) among patients treated with
HCQ compared with those receiving corticosteroids only
[89]. Overall, the available evidence is inconclusive, mainly
as a result of poor study quality and design [81].

6.3. Irreversible Target Organ Damage and Survival. The
beneficial effects of HCQ on target organ damage and
survival in SLE patients have been demonstrated by several
high-quality evidence studies [81, 90–93]. For example,
HCQ was protective (HR 0.73; 95%CI 0.52 to 1.00) against
damage accrual, calculated using the SLICC damage index,
in the prospective LUMINA (Lupus in Minorities: nature
versus nurture) study cohort, particularly in those patients
without damage at baseline (HR 0.55, 95%CI 0.34 to 0.87)
(94). In the same cohort, 17% of patients not taking HCQ
died during the follow-up versus 5% of those treated with
HCQ (P < 0 001), accounting for a 0.28 unadjusted OR
(95%CI 0.05 to 0.30) and 0.32 adjusted OR (95%CI 0.12 to
0.86) [94]. Moreover, HCQ use was associated with less
cerebrovascular damage on brain MRI of SLE patients (OR
0.08; 95%CI 0.01–0.73) [95], less thrombosis (OR 0.31,
95%CI 0.13–0.71) [96], less CV events (HR 0.04, 95%CI
0.004–0.48) [97], and less, albeit not statistically significant,
cardiovascular mortality (0% versus 36.8%) [98].

In a multinational Latin American inception cohort, a
lower mortality rate was observed in antimalarial users
compared with nonusers (4.4% versus 11.5%; P < 0 001),
and, after adjustment for potential confounders in a Cox
regression model, antimalarial use was associated with a
38% reduction in the mortality rate (hazard ratio 0.62,
95%CI 0.39–0.99) [99].

It remains to be established whether HCQ exerts its
protective effects on damage accrual and survival in SLE
patients through lowering disease activity, preventing
atherosclerosis, or both.

7. Hydroxychloroquine and SLE-Related Risk
Factors for Atherosclerosis

7.1. Endothelial Dysfunction. Endothelial dysfunction (ED)
is a potentially reversible alteration thus representing an
attractive target for CVD prevention and treatment.
Gómez-Guzmán et al. [100] found that short-term treat-
ment with HCQ in advanced disease stages is able to
reverse large artery ED in a murine model of SLE. This
effect was mediated by a reduction of nicotinamide ade-
nine dinucleotide phosphate (NAD(P)H) oxidase activity,
which is a major ROS source. Recently, Virdis et al. con-
firmed that early treatment with HCQ exerts protective effect
by decreasing vascular oxidative stress and improving
endothelium-dependent relaxation, essentially by preserving
the NO-mediated component [101].

7.2. Toll-Like Receptor Signaling and Cytokine Production.
Evidence that HCQ acts by blocking the nucleic acid-
sensing TLRs (TLR3, TLR7, TLR8, and TLR9) is the most
important advance in our understanding of its mechanism
of action. Nucleic-sensing TLRs, located in intracellular com-
partments, are activated when interacting with foreign
nuclear material presented by specialized molecules such as
FC-gamma receptor on DCs or B-cell receptor on the surface
of B-cells. HCQ interferes with the TLR7 and TLR9 signaling
pathways, reducing the production of IFNα, IL-6, and TNF-α
[102]. It has been postulated that, by altering the lysosomal
pH, HCQ prevents TLR functional transformation and
activation [103]. However, it is also possible that, by binding
nucleic acids, HCQ masks their TLR-binding epitope
preventing TLR activation [104].

Beyond the inhibition of TLR signaling, experimental
evidence showed that HCQ reduces the concentration of
proatherogenic cytokines, such as IFNα, IL6, TNF-α, IL17,
and IL22, in SLE patients through different mechanisms
[105, 106]. The observation that HCQ reduces the expression
of miR155 in NZB/NZWmice, a SLE animal model, suggests
additional therapeutic effects through an epigenetic control
of cytokine gene expression [107].

7.3. Actions on Immune System Cells and Autoantibody
Production. T-cell and B-cell activities may be directly or
indirectly affected by HCQ [103]. The HCQ “lysosomotropic
action” is responsible for altering the process of self-antigen
presentation, whilst preserving that of exogenous antigens,
and may also inhibit the intracellular calcium signals after
T-cell-receptor stimulation, preventing T-cell activation
and proliferation [103, 108]. Furthermore, the inhibition
of IFNα, IL6, IL17, and TNF-α production affects B-cell
activation and autoantibody production and favors the dif-
ferentiation of endothelial cells [103].

The reported HCQ-mediated effects may theoretically
reduce the initiation and progression of atherosclerosis by
inhibiting the monocyte adhesion to endothelial cells, reduc-
ing smooth cell proliferation and favoring vascular repair.
However, to date, no study has investigated whether the
described effects of HCQ may have a direct benefit in
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preventing atherosclerosis in SLE patients. More research is
warranted to confirm, or refute, this hypothesis.

8. Hydroxychloroquine and Traditional
Atherosclerosis Risk Factor

8.1. Effects on Lipid Profile. The beneficial effect of HCQ on
dyslipidemia in patients with SLE has been known for some
time. Potential mechanism underlying the beneficial effect
of antimalarials on dyslipidemia may be represented by
upregulation of LDL receptors with an enhancement of the
plasma removal of this lipoprotein [109]. This potential
effect of antimalarials would minimize the increased lipo-
protein hepatic synthesis induced by steroids [110]. Petri
et al. [111] found that HCQ treatment was independently
associated with lower serum cholesterol concentrations in
multivariate analysis (effect on mg% −8.94; P = 0 009). In
a cohort of 815 patients, Rahman et al. [13] showed that
the lipid lowering effect of antimalarials (mainly HCQ)
was higher in patients on a stable dose of steroids and
consisted of a reduction in total cholesterol concentrations
of 11.3% at 3 months (P = 0 0002) and 9.4% at 6 months
(P = 0 004). Contrasting results have been reported on the
different lipoprotein profiles [112–114]. However, two recent
prospective studies specifically designed to analyze the effect
of HCQ on lipoprotein concentrations, after correction for
the confounding effect of other variables, found lower
LDL (P = 0 036) [113], VLDL (P = 0 002), and triglyceride
concentrations (P = 0 043) and higher HDL concentrations
(P = 0 03) [114] in patients treated with HCQ.

8.2. Effects on Glucose Level.Hypoglycemia has been reported
in patients treated with antimalarials. In vitro and animal
studies, antimalarials affected insulin metabolism, increasing
insulin binding to its receptor, altering hepatic insulin
metabolism, potentiating insulin action, and reducing the
insulin clearance [115–117]. A small randomized study in
decompensated diabetic patients showed that HCQ signifi-
cantly lowered glycated hemoglobin A1c (3.3%; 95%CI,
−3.9 to −2.7, P = 0 001) when added to insulin therapy,
possibly by improving insulin secretion and peripheral
sensitivity [118].

Recently, the use of HCQ has been associated with lower
concentrations of serum glucose (85.9 versus 89.3mg/dl,
P = 0 04) [119] and a lower incidence of diabetes mellitus
in SLE patients, in a dose-dependent manner (HR 0.26;
95%CI 0.18–0.37; P < 0 001) [120].

8.3. Effects on Thrombosis. HCQ has a protective effect
against thrombosis both in SLE patients with and without
antiphospholipid antibodies [86]. Such an effect seems
mediated by reduced platelet aggregation and protection of
the annexin A5 anticoagulant shield from disruption by
aPL antibodies [121].

9. Discussion

There is good evidence from prospective studies of an
increased CV risk in SLE patients [4–7]. Accelerated

atherosclerosis, in the presence of traditional risk factors,
may explain at least in part this enhanced risk. However,
SLE-related factors, as endothelial dysfunction and inflam-
mation, autoantibodies, damage accrual, and disease activity
are equally or even more important [10–14]. Such a complex
interplay of pathogenetic mechanisms presents clinical chal-
lenges, particularly because of the lack of data on the effects
of the modification of traditional and SLE-specific CVD risk
factors. Presently, in order to lower the CV risk in SLE, the
main objectives should be treating the disease targeting
remission or low disease activity [122] and sparing cortico-
steroids when possible, whilst monitoring traditional CVD
risk factors at least once a year [123].

HCQ should be an essential part of SLE treatment
strategy and should be started as soon as the diagnosis has
been made and maintained for an indefinite period if toxicity
does not occur [81]. Although for a long time it has been
considered a minor component in the management of SLE,
in fact, increasing evidence demonstrates that HCQ has a
broad spectrum of beneficial effects on disease activity,
prevention of damage accrual, and mortality [124]. Further-
more, HCQ is thought to protect against accelerated athero-
sclerosis by means of several mechanisms of action targeting
both SLE-related and traditional CV risk factors.

One of the main limitations to be considered, when
interpreting the available data, is the lack of a direct
demonstration of the cause-effect relationship between
HCQ treatment and atheroprotection from randomized
controlled trials. On the other hand, given the many evi-
dences of beneficial effects on HCQ in SLE patients, a
placebo-controlled trial would be probably not ethically
sustainable. Studies addressing the potential effect of HCQ
on CV risk in patients with no existing rheumatic disease
with a very high risk of a recurrent CV event, such as
the OXI trial (NCT02648464), may shed some light on
mechanistic insights regarding the cardioprotective effect
of HCQ [125].

In conclusion, despite the lack of randomized controlled
trials, the available evidence strongly suggests that HCQ
exerts beneficial effects against atherosclerosis and CVD in
SLE patients.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Authors’ Contributions

Alberto Floris and Matteo Piga contributed equally to
this work.

References

[1] L. Lisnevskaia, G. Murphy, and D. Isenberg, “Systemic
lupus erythematosus,” The Lancet, vol. 384, no. 9957,
pp. 1878–1888, 2014.

6 Mediators of Inflammation

https://clinicaltrials.gov/ct2/show/NCT02648464


[2] M. Steri, V. Orrù, M. L. Idda et al., “Overexpression of the
cytokine BAFF and autoimmunity risk,” The New England
Journal of Medicine, vol. 376, no. 17, pp. 1615–1626, 2017.

[3] N. Danchenko, J. A. Satia, and M. S. Anthony, “Epidemiology
of systemic lupus erythematosus: a comparison of worldwide
disease burden,” Lupus, vol. 15, no. 5, pp. 308–318, 2006.

[4] J. Nossent, N. Cikes, E. Kiss et al., “Current causes of death in
systemic lupus erythematosus in Europe, 2000—2004:
relation to disease activity and damage accrual,” Lupus,
vol. 16, no. 5, pp. 309–317, 2007.

[5] G. Thomas, J. Mancini, N. Jourde-Chiche et al., “Mortality
associated with systemic lupus erythematosus in France
assessed by multiple-cause-of-death analysis,” Arthritis &
Rheumatology, vol. 66, no. 9, pp. 2503–2511, 2014.

[6] J. M. Esdaile, M. Abrahamowicz, T. Grodzicky et al.,
“Traditional Framingham risk factors fail to fully account
for accelerated atherosclerosis in systemic lupus erythemato-
sus,” Arthritis & Rheumatology, vol. 44, no. 10, pp. 2331–
2337, 2001.

[7] S. Manzi, E. N. Meilahn, J. E. Rairie et al., “Age-specific
incidence rates of myocardial infarction and angina in
women with systemic lupus erythematosus: comparison with
the Framingham study,” American Journal of Epidemiology,
vol. 145, no. 5, pp. 408–415, 1997.

[8] M. Piga, L. Casula, D. Perra et al., “Population-based analysis
of hospitalizations in aWest-European region revealed major
changes in hospital utilization for patients with systemic
lupus erythematosus over the period 2001–2012,” Lupus,
vol. 25, no. 1, pp. 28–37, 2016.

[9] M. G. Tektonidou, Z. Wang, and M. M. Ward, “Brief report:
trends in hospitalizations due to acute coronary syndromes
and stroke in patients with systemic lupus erythematosus,
1996 to 2012,” Arthritis & Rheumatology, vol. 68, no. 11,
pp. 2680–2685, 2016.

[10] I. N. Bruce, ““Not only…but also”: factors that contribute to
accelerated atherosclerosis and premature coronary heart
disease in systemic lupus erythematosus,” Rheumatology,
vol. 44, no. 12, pp. 1492–1502, 2005.

[11] B. J. Skaggs, B. H. Hahn, and M. McMahon, “Accelerated
atherosclerosis in patients with SLE—mechanisms and
management,” Nature Reviews Rheumatology, vol. 8, no. 4,
pp. 214–223, 2012.

[12] I. N. Bruce, M. B. Urowitz, D. D. Gladman, D. Ibañez, and
G. Steiner, “Risk factors for coronary heart disease in women
with systemic lupus erythematosus: the Toronto risk factor
study,” Arthritis & Rheumatology, vol. 48, no. 11, pp. 3159–
3167, 2003.

[13] P. Rahman, D. D. Gladman, M. B. Urowitz, K. Yuen,
D. Hallett, and I. N. Bruce, “The cholesterol lowering effect
of antimalarial drugs is enhanced in patients with lupus
taking corticosteroid drugs,” The Journal of Rheumatology,
vol. 26, no. 2, pp. 325–330, 1999.

[14] R. Bessant, A. Hingorani, L. Patel, A. MacGregor, D. A.
Isenberg, and A. Rahman, “Risk of coronary heart disease
and stroke in a large British cohort of patients with systemic
lupus erythematosus,” Rheumatology, vol. 43, no. 7, pp. 924–
929, 2004.

[15] M. McMahon and B. H. Hahn, “Atherosclerosis and systemic
lupus erythematosus—mechanistic basis of the association,”
Current Opinion in Immunology, vol. 19, no. 6, pp. 633–
639, 2007.

[16] L. Atehortúa, M. Rojas, G. M. Vásquez, and D. Castaño,
“Endothelial alterations in systemic lupus erythematosus
and rheumatoid arthritis: potential effect of monocyte
interaction,” Mediators of Inflammation, vol. 2017, Article
ID 9680729, 12 pages, 2017.

[17] M. J. Roman, B.-A. Shanker, A. Davis et al., “Prevalence and
correlates of accelerated atherosclerosis in systemic lupus
erythematosus,” The New England Journal of Medicine,
vol. 349, no. 25, pp. 2399–2406, 2003.

[18] Y. Asanuma, A. Oeser, A. K. Shintani et al., “Premature
coronary-artery atherosclerosis in systemic lupus erythema-
tosus,” The New England Journal of Medicine, vol. 349,
no. 25, pp. 2407–2415, 2003.

[19] M. J. Roman, M. K. Crow, M. D. Lockshin et al., “Rate and
determinants of progression of atherosclerosis in systemic
lupus erythematosus,” Arthritis & Rheumatology, vol. 56,
no. 10, pp. 3412–3419, 2007.

[20] S. Manzi, F. Selzer, K. Sutton-Tyrrell et al., “Prevalence and
risk factors of carotid plaque in women with systemic lupus
erythematosus,” Arthritis & Rheumatology, vol. 42, no. 1,
pp. 51–60, 1999.

[21] A. Doria, Y. Shoenfeld, R. Wu et al., “Risk factors for
subclinical atherosclerosis in a prospective cohort of patients
with systemic lupus erythematosus,” Annals of the Rheumatic
Diseases, vol. 62, no. 11, pp. 1071–1077, 2003.

[22] G. K. Hansson and P. Libby, “The immune response in
atherosclerosis: a double-edged sword,” Nature Reviews
Immunology, vol. 6, no. 7, pp. 508–519, 2006.

[23] J. Davignon and P. Ganz, “Role of endothelial dysfunction in
atherosclerosis,” Circulation, vol. 109, no. 23, Supplement 1,
pp. III-27–III-32, 2004.

[24] S. Sitia, L. Tomasoni, F. Atzeni et al., “From endothelial
dysfunction to atherosclerosis,” Autoimmunity Reviews,
vol. 9, no. 12, pp. 830–834, 2010.

[25] A. Mak, N. Y. Kow, H. Schwarz, L. Gong, S. H. Tay, and
L. H. Ling, “Endothelial dysfunction in systemic lupus
erythematosus – a case-control study and an updated meta-
analysis and meta-regression,” Scientific Reports, vol. 7,
no. 1, p. 7320, 2017.

[26] S. Rajagopalan, E. C. Somers, R. D. Brook et al., “Endothe-
lial cell apoptosis in systemic lupus erythematosus: a
common pathway for abnormal vascular function and
thrombosis propensity,” Blood, vol. 103, no. 10, pp. 3677–
3683, 2004.

[27] M. F. Denny, S. Thacker, H. Mehta et al., “Interferon-α
promotes abnormal vasculogenesis in lupus: a potential
pathway for premature atherosclerosis,” Blood, vol. 110,
no. 8, pp. 2907–2915, 2007.

[28] G. Wang, S. S. Pierangeli, E. Papalardo, G. A. S. Ansari, and
M. Firoze Khan, “Markers of oxidative and nitrosative stress
in systemic lupus erythematosus: correlation with disease
activity,” Arthritis & Rheumatology, vol. 62, no. 7,
pp. 2064–2072, 2010.

[29] J. Delgado Alves, P. R. J. Ames, S. Donohue et al., “Antibodies
to high-density lipoprotein and β2-glycoprotein I are
inversely correlated with paraoxonase activity in systemic
lupus erythematosus and primary antiphospholipid syn-
drome,” Arthritis & Rheumatology, vol. 46, no. 10,
pp. 2686–2694, 2002.

[30] D. Shah, R. Kiran, A. Wanchu, and A. Bhatnagar, “Oxidative
stress in systemic lupus erythematosus: relationship to Th1

7Mediators of Inflammation



cytokine and disease activity,” Immunology Letters, vol. 129,
no. 1, pp. 7–12, 2010.

[31] P. E. Morgan, A. D. Sturgess, and M. J. Davies, “Increased
levels of serum protein oxidation and correlation with disease
activity in systemic lupus erythematosus,” Arthritis & Rheu-
matology, vol. 52, no. 7, pp. 2069–2079, 2005.

[32] I. Avalos, C. P. Chung, A. Oeser et al., “Oxidative stress in
systemic lupus erythematosus: relationship to disease activity
and symptoms,” Lupus, vol. 16, no. 3, pp. 195–200, 2007.

[33] P. R. Ames, J. Alves, I. Murat, D. A. Isenberg, and J. Nourooz-
Zadeh, “Oxidative stress in systemic lupus erythematosus and
allied conditions with vascular involvement,” Rheumatology,
vol. 38, no. 6, pp. 529–534, 1999.

[34] E. Villanueva, S. Yalavarthi, C. C. Berthier et al., “Netting
neutrophils induce endothelial damage, infiltrate tissues,
and expose immunostimulatory molecules in systemic lupus
erythematosus,” The Journal of Immunology, vol. 187, no. 1,
pp. 538–552, 2011.

[35] G. L. Erre, L. Bosincu, R. Faedda et al., “Antiphospholipid
syndrome nephropathy (APSN) in patients with lupus
nephritis: a retrospective clinical and renal pathology study,”
Rheumatology International, vol. 34, no. 4, pp. 535–541,
2014.

[36] J. T. Gustafsson, M. Herlitz Lindberg, I. Gunnarsson et al.,
“Excess atherosclerosis in systemic lupus erythematosus,—a
matter of renal involvement: case control study of 281 SLE
patients and 281 individually matched population controls,”
PLoS One, vol. 12, no. 4, article e0174572, 2017.

[37] Y. H. Rho, J. Solus, P. Raggi et al., “Macrophage activation
and coronary atherosclerosis in systemic lupus erythemato-
sus and rheumatoid arthritis,” Arthritis Care & Research,
vol. 63, no. 4, pp. 535–541, 2011.

[38] L. Leohirun, P. Thuvasethakul, V. Sumethkul, T. Pholcharoen,
and V. Boonpucknavig, “Urinary neopterin in patients with
systemic lupus erythematosus,” Clinical Chemistry, vol. 37,
no. 1, pp. 47–50, 1991.

[39] K. L. Lim, A. C. Jones, N. S. Brown, and R. J. Powell,
“Urine neopterin as a parameter of disease activity in
patients with systemic lupus erythematosus: comparisons
with serum sIL-2R and antibodies to dsDNA, erythrocyte
sedimentation rate, and plasma C3, C4, and C3 degrada-
tion products,” Annals of the Rheumatic Diseases, vol. 52,
no. 6, pp. 429–435, 1993.

[40] L. Jonasson, J. Holm, O. Skalli, G. Bondjers, and G. K.
Hansson, “Regional accumulations of T cells, macrophages,
and smooth muscle cells in the human atherosclerotic
plaque,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 6, no. 2, pp. 131–138, 1986.

[41] J. K. Zhu, X. B. Liu, C. Xie et al., “T cell hyperactivity in lupus
as a consequence of hyperstimulatory antigen-presenting
cells,” The Journal of Clinical Investigation, vol. 115, no. 7,
pp. 1869–1878, 2005.

[42] V. M. Budagyan, E. G. Bulanova, N. I. Sharova, M. F.
Nikonova, M. L. Stanislav, and A. A. Yarylin, “The resistance
of activated T-cells from SLE patients to apoptosis induced by
human thymic stromal cells,” Immunology Letters, vol. 60,
no. 1, pp. 1–5, 1998.

[43] A. J. Wilhelm and A. S. Major, “Accelerated atherosclerosis
in SLE: mechanisms and prevention approaches,” Interna-
tional Journal of Clinical Rheumatology, vol. 7, no. 5,
pp. 527–539, 2012.

[44] A. K. Stanic, C. M. Stein, A. C. Morgan et al., “Immune
dysregulation accelerates atherosclerosis and modulates
plaque composition in systemic lupus erythematosus,” Pro-
ceedings of the National Academy of Sciences of the United
States of America, vol. 103, no. 18, pp. 7018–7023, 2006.

[45] K. Takeda, T. Kaisho, and S. Akira, “Toll-like receptors,”
Annual Review of Immunology, vol. 21, no. 1, pp. 335–376,
2003.

[46] Q. Huang and R. M. Pope, “Toll-like receptor signaling: a
potential link among rheumatoid arthritis, systemic lupus,
and atherosclerosis,” Journal of Leukocyte Biology, vol. 88,
no. 2, pp. 253–262, 2010.

[47] K. Edfeldt, J. Swedenborg, G. K. Hansson, and Z. Q. Yan,
“Expression of toll-like receptors in human atherosclerotic
lesions: a possible pathway for plaque activation,” Circula-
tion, vol. 105, no. 10, pp. 1158–1161, 2002.

[48] Y. I. Miller, S. Viriyakosol, C. J. Binder, J. R. Feramisco, T. N.
Kirkland, and J. L. Witztum, “Minimally modified LDL binds
to CD14, induces macrophage spreading via TLR4/MD-2,
and inhibits phagocytosis of apoptotic cells,” The Journal of
Biological Chemistry, vol. 278, no. 3, pp. 1561–1568, 2003.

[49] Y. Liu, H. Yin, M. Zhao, and Q. Lu, “TLR2 and TLR4 in auto-
immune diseases: a comprehensive review,” Clinical Reviews
in Allergy & Immunology, vol. 47, no. 2, pp. 136–147, 2014.

[50] C. E. Weckerle, B. S. Franek, J. A. Kelly et al., “Network
analysis of associations between serum interferon-α activity,
autoantibodies, and clinical features in systemic lupus
erythematosus,” Arthritis & Rheumatology, vol. 63, no. 4,
pp. 1044–1053, 2011.

[51] J. J. Buie, L. L. Renaud, R. Muise-Helmericks, and J. C. Oates,
“IFN-α negatively regulates the expression of endothelial
nitric oxide synthase and nitric oxide production: implica-
tions for systemic lupus erythematosus,” The Journal of
Immunology, vol. 199, no. 6, pp. 1979–1988, 2017.

[52] J. E. McLaren and D. P. Ramji, “Interferon gamma: a master
regulator of atherosclerosis,” Cytokine & Growth Factor
Reviews, vol. 20, no. 2, pp. 125–135, 2009.

[53] M. Al-Janadi, S. Al-Balla, A. Al-Dalaan, and S. Raziuddin,
“Cytokine profile in systemic lupus erythematosus, rheuma-
toid arthritis, and other rheumatic diseases,” Journal of
Clinical Immunology, vol. 13, no. 1, pp. 58–67, 1993.

[54] P. Libby, P. M. Ridker, and A. Maseri, “Inflammation and
atherosclerosis,” Circulation, vol. 105, no. 9, pp. 1135–1143,
2002.

[55] E. Svenungsson, A. Cederholm, K. Jensen‐Urstad, G. Z. Fei,
U. de Faire, and J. Frostegård, “Endothelial function and
markers of endothelial activation in relation to cardiovascular
disease in systemic lupus erythematosus,” Scandinavian
Journal of Rheumatology, vol. 37, no. 5, pp. 352–359, 2008.

[56] M. Y. Mok, H. J. Wu, Y. Lo, and C. S. Lau, “The relation of
interleukin 17 (IL-17) and IL-23 to Th1/Th2 cytokines and
disease activity in systemic lupus erythematosus,” The Jour-
nal of Rheumatology, vol. 37, no. 10, pp. 2046–2052, 2010.

[57] J. M. Kahlenberg and M. J. Kaplan, “The interplay of
inflammation and cardiovascular disease in systemic lupus
erythematosus,” Arthritis Research & Therapy, vol. 13,
no. 1, p. 203, 2011.

[58] P. Sarén, H. G. Welgus, and P. T. Kovanen, “TNF-alpha and
IL-1beta selectively induce expression of 92-kDa gelatinase
by human macrophages,” The Journal of Immunology,
vol. 157, no. 9, pp. 4159–4165, 1996.

8 Mediators of Inflammation



[59] N. Haddy, C. Sass, S. Droesch et al., “Il-6, TNF-α and
atherosclerosis risk indicators in a healthy family population:
the STANISLAS cohort,” Atherosclerosis, vol. 170, no. 2,
pp. 277–283, 2003.

[60] E. Svenungsson, G. Z. Fei, K. Jensen-Urstad, U. de Faire,
A. Hamsten, and J. Frostegard, “TNF-α: a link between
hypertriglyceridaemia and inflammation in SLE patients with
cardiovascular disease,” Lupus, vol. 12, no. 6, pp. 454–461,
2003.

[61] Y. H. Rho, C. P. Chung, A. Oeser et al., “Novel cardiovascular
risk factors in premature coronary atherosclerosis associated
with systemic lupus erythematosus,” The Journal of Rheuma-
tology, vol. 35, no. 9, pp. 1789–1794, 2008.

[62] B. J. Van Lenten, S. Y. Hama, F. C. de Beer et al., “Anti-
inflammatory HDL becomes pro-inflammatory during the
acute phase response. Loss of protective effect of HDL against
LDL oxidation in aortic wall cell cocultures,” The Journal of
Clinical Investigation, vol. 96, no. 6, pp. 2758–2767, 1995.

[63] B. J. Ansell, M. Navab, S. Hama et al., “Inflammatory/
antiinflammatory properties of high-density lipoprotein
distinguish patients from control subjects better than high-
density lipoprotein cholesterol levels and are favorably
affected by simvastatin treatment,” Circulation, vol. 108,
no. 22, pp. 2751–2756, 2003.

[64] M. McMahon, J. Grossman, J. FitzGerald et al., “Proin-
flammatory high-density lipoprotein as a biomarker for
atherosclerosis in patients with systemic lupus erythemato-
sus and rheumatoid arthritis,” Arthritis & Rheumatology,
vol. 54, no. 8, pp. 2541–2549, 2006.

[65] N. Vuilleumier, G. Reber, R. James et al., “Presence of
autoantibodies to apolipoprotein A-1 in patients with acute
coronary syndrome further links autoimmunity to cardiovas-
cular disease,” Journal of Autoimmunity, vol. 23, no. 4,
pp. 353–360, 2004.

[66] A. R. Dinu, J. T. Merrill, C. Shen, I. V. Antonov, B. L. Myones,
and R. G. Lahita, “Fequency of antibodies to the cholesterol
transport protein apolipoprotein A1 in patients with SLE,”
Lupus, vol. 7, no. 5, pp. 355–360, 1998.

[67] D. P. M. Symmons and S. E. Gabriel, “Epidemiology of CVD
in rheumatic disease, with a focus on RA and SLE,” Nature
Reviews Rheumatology, vol. 7, no. 7, pp. 399–408, 2011.

[68] K. Tselios, C. Koumaras, D. D. Gladman, and M. B. Urowitz,
“Dyslipidemia in systemic lupus erythematosus: just another
comorbidity?,” Seminars in Arthritis and Rheumatism,
vol. 45, no. 5, pp. 604–610, 2016.

[69] M. B. Urowitz, D. Gladman, D. Ibañez et al., “Clinical mani-
festations and coronary artery disease risk factors at diagnosis
of systemic lupus erythematosus: data from an international
inception cohort,” Lupus, vol. 16, no. 9, pp. 731–735, 2007.

[70] M. B. Urowitz, D. D. Gladman, N. M. Anderson et al.,
“Cardiovascular events prior to or early after diagnosis of
systemic lupus erythematosus in the systemic lupus interna-
tional collaborating clinics cohort,” Lupus Science & Medi-
cine, vol. 3, no. 1, article e000143, 2016.

[71] C. P. Chung, A. Oeser, J. F. Solus et al., “Inflammation-
associated insulin resistance: differential effects in rheuma-
toid arthritis and systemic lupus erythematosus define poten-
tial mechanisms,” Arthritis & Rheumatology, vol. 58, no. 7,
pp. 2105–2112, 2008.

[72] K.-E. Sada, Y. Yamasaki, M. Maruyama et al., “Altered levels
of adipocytokines in association with insulin resistance in

patients with systemic lupus erythematosus,” The Journal of
Rheumatology, vol. 33, no. 8, pp. 1545–1552, 2006.

[73] S. Cortes, S. Chambers, A. Jerónimo, and D. Isenberg,
“Diabetes mellitus complicating systemic lupus erythemato-
sus – analysis of the UCL lupus cohort and review of the
literature,” Lupus, vol. 17, no. 11, pp. 977–980, 2008.

[74] C. P. Chung, A. G. Long, J. F. Solus et al., “Adipocytokines in
systemic lupus erythematosus: relationship to inflammation,
insulin resistance and coronary atherosclerosis,” Lupus,
vol. 18, no. 9, pp. 799–806, 2009.

[75] J. M. Sabio, J. Vargas-Hitos, M. Zamora-Pasadas et al.,
“Metabolic syndrome is associated with increased arterial
stiffness and biomarkers of subclinical atherosclerosis in
patients with systemic lupus erythematosus,” The Journal of
Rheumatology, vol. 36, no. 10, pp. 2204–2211, 2009.

[76] C. P. Chung, I. Avalos, A. Oeser et al., “High prevalence of
the metabolic syndrome in patients with systemic lupus
erythematosus: association with disease characteristics and
cardiovascular risk factors,” Annals of the Rheumatic Dis-
eases, vol. 66, no. 2, pp. 208–214, 2007.

[77] K. D. Rainsford, A. L. Parke, M. Clifford-Rashotte, and W. F.
Kean, “Therapy and pharmacological properties of hydroxy-
chloroquine and chloroquine in treatment of systemic lupus
erythematosus, rheumatoid arthritis and related diseases,”
Inflammopharmacology, vol. 23, no. 5, pp. 231–269, 2015.

[78] L. Durcan, W. A. Clarke, L. S. Magder, and M. Petri, “Hydro-
xychloroquine blood levels in systemic lupus erythematosus:
clarifying dosing controversies and improving adherence,”
The Journal of Rheumatology, vol. 42, no. 11, pp. 2092–
2097, 2015.

[79] N. Costedoat-Chalumeau, L. Galicier, O. Aumaître et al.,
“Hydroxychloroquine in systemic lupus erythematosus:
results of a French multicentre controlled trial (PLUS
Study),” Annals of the Rheumatic Diseases, vol. 72, no. 11,
pp. 1786–1792, 2013.

[80] Canadian Hydroxychloroquine Study Group, “A randomized
study of the effect of withdrawing hydroxychloroquine sulfate
in systemic lupus erythematosus,” The New England Journal
of Medicine, vol. 324, no. 3, pp. 150–154, 1991.

[81] G. Ruiz-Irastorza, M. Ramos-Casals, P. Brito-Zeron, and
M. A. Khamashta, “Clinical efficacy and side effects of
antimalarials in systemic lupus erythematosus: a systematic
review,” Annals of the Rheumatic Diseases, vol. 69, no. 01,
pp. 20–28, 2010.

[82] A. Floris, M. Piga, A. Cauli, and A. Mathieu, “Predictors of
flares in systemic lupus erythematosus: preventive therapeu-
tic intervention based on serial anti-dsDNA antibodies
assessment. Analysis of a monocentric cohort and literature
review,” Autoimmunity Reviews, vol. 15, no. 7, pp. 656–663,
2016.

[83] A. N. Kiani, J. Vogel-Claussen, A. Arbab-Zadeh, L. S. Magder,
J. Lima, and M. Petri, “Semiquantified noncalcified coronary
plaque in systemic lupus erythematosus,” The Journal of
Rheumatology, vol. 39, no. 12, pp. 2286–2293, 2012.

[84] S. Sazliyana, M. S. Mohd Shahrir, C. T. N. Kong, H. J. Tan,
B. B. Hamidon, and M. T. Azmi, “Implications of immuno-
suppressive agents in cardiovascular risks and carotid intima
media thickness among lupus nephritis patients,” Lupus,
vol. 20, no. 12, pp. 1260–1266, 2011.

[85] J. M. Von Feldt, L. V. Scalzi, A. J. Cucchiara et al., “Homocys-
teine levels and disease duration independently correlate with
coronary artery calcification in patients with systemic lupus

9Mediators of Inflammation



erythematosus,” Arthritis & Rheumatology, vol. 54, no. 7,
pp. 2220–2227, 2006.

[86] K. Maksimowicz-McKinnon, L. S. Magder, and M. Petri,
“Predictors of carotid atherosclerosis in systemic lupus
erythematosus,” The Journal of Rheumatology, vol. 33,
no. 12, pp. 2458–2463, 2006.

[87] Y. Ahmad, J. Shelmerdine, H. Bodill et al., “Subclinical
atherosclerosis in systemic lupus erythematosus (SLE): the
relative contribution of classic risk factors and the lupus
phenotype,” Rheumatology, vol. 46, no. 6, pp. 983–988, 2007.

[88] F. Selzer, K. Sutton-Tyrrell, S. Fitzgerald, R. Tracy,
L. Kuller, and S. Manzi, “Vascular stiffness in women with
systemic lupus erythematosus,” Hypertension, vol. 37, no. 4,
pp. 1075–1082, 2001.

[89] A. Tanay, E. Leibovitz, A. Frayman, R. Zimlichman, and
D. Gavish, “Vascular elasticity of systemic lupus erythemato-
sus patients is associated with steroids and hydroxychloro-
quine treatment,” Annals of the New York Academy of
Sciences, vol. 1108, no. 1, pp. 24–34, 2007.

[90] Y. Molad, A. Gorshtein, A. J. Wysenbeek et al., “Protective
effect of hydroxychloroquine in systemic lupus erythemato-
sus. Prospective long-term study of an Israeli cohort,” Lupus,
vol. 11, no. 6, pp. 356–361, 2002.

[91] M. Petri, S. Purvey, H. Fang, and L. S. Magder, “Predictors of
organ damage in systemic lupus erythematosus: the Hopkins’
lupus cohort,” Arthritis & Rheumatology, vol. 64, no. 12,
pp. 4021–4028, 2012.

[92] P. S. Akhavan, J. Su, W. Lou, D. D. Gladman, M. B. Urowitz,
and P. R. Fortin, “The early protective effect of hydroxychlor-
oquine on the risk of cumulative damage in patients with
systemic lupus erythematosus,” The Journal of Rheumatology,
vol. 40, no. 6, pp. 831–841, 2013.

[93] B. J. Fessler, G. S. Alarcón, G. McGwin et al., “Systemic lupus
erythematosus in three ethnic groups: XVI. Association of
hydroxychloroquine use with reduced risk of damage
accrual,” Arthritis & Rheumatology, vol. 52, no. 5, pp. 1473–
1480, 2005.

[94] G. S. Alarcón, G. McGwin, A. M. Bertoli et al., “Effect of
hydroxychloroquine on the survival of patients with systemic
lupus erythematosus: data from LUMINA, a multiethnic US
cohort (LUMINA L),” Annals of the Rheumatic Diseases,
vol. 66, no. 9, pp. 1168–1172, 2007.

[95] M. Piga, M. T. Peltz, C. Montaldo et al., “Twenty-year brain
magnetic resonance imaging follow-up study in systemic
lupus erythematosus: factors associated with accrual of dam-
age and central nervous system involvement,” Autoimmunity
Reviews, vol. 14, no. 6, pp. 510–516, 2015.

[96] H. Jung, R. Bobba, J. Su et al., “The protective effect of
antimalarial drugs on thrombovascular events in systemic
lupus erythematosus,” Arthritis & Rheumatology, vol. 62,
no. 3, pp. 863–868, 2010.

[97] S. Fasano, L. Pierro, I. Pantano, M. Iudici, and G. Valentini,
“Longterm hydroxychloroquine therapy and low-dose
aspirin may have an additive effectiveness in the primary
prevention of cardiovascular events in patients with sys-
temic lupus erythematosus,” The Journal of Rheumatology,
vol. 44, no. 7, pp. 1032–1038, 2017.

[98] G. Ruiz-Irastorza, M.-V. Egurbide, J.-I. Pijoan et al., “Effect of
antimalarials on thrombosis and survival in patients with
systemic lupus erythematosus,” Lupus, vol. 15, no. 9,
pp. 577–583, 2006.

[99] S. K. Shinjo, E. Bonfá, D. Wojdyla et al., “Antimalarial treat-
ment may have a time-dependent effect on lupus survival:
data from a multinational Latin American inception cohort,”
Arthritis & Rheumatology, vol. 62, no. 3, pp. 855–862, 2010.

[100] M. Gómez-Guzmán, R. Jiménez, M. Romero et al., “Chronic
hydroxychloroquine improves endothelial dysfunction and
protects kidney in a mouse model of systemic lupus ery-
thematosus,” Hypertension, vol. 64, no. 2, pp. 330–337,
2014.

[101] A. Virdis, C. Tani, E. Duranti et al., “Early treatment with
hydroxychloroquine prevents the development of endothe-
lial dysfunction in a murine model of systemic lupus
erythematosus,” Arthritis Research & Therapy, vol. 17,
no. 1, p. 277, 2015.

[102] K. Sacre, L. A. Criswell, and J. M. McCune, “Hydroxychloro-
quine is associated with impaired interferon-alpha and tumor
necrosis factor-alpha production by plasmacytoid dendritic
cells in systemic lupus erythematosus,” Arthritis Research &
Therapy, vol. 14, no. 3, article R155, 2012.

[103] D. J. Wallace, V. S. Gudsoorkar, M. H. Weisman, and S. R.
Venuturupalli, “New insights into mechanisms of therapeutic
effects of antimalarial agents in SLE,” Nature Reviews Rheu-
matology, vol. 8, no. 9, pp. 522–533, 2012.

[104] A. Kužnik, M. Benčina, U. Švajger, M. Jeras, B. Rozman,
and R. Jerala, “Mechanism of endosomal TLR inhibition
by antimalarial drugs and imidazoquinolines,” The Journal
of Immunology, vol. 186, no. 8, pp. 4794–4804, 2011.

[105] J. C. Silva, H. A. Mariz, L. F. Rocha Jr. et al., “Hydroxychlor-
oquine decreases Th17-related cytokines in systemic lupus
erythematosus and rheumatoid arthritis patients,” Clinics,
vol. 68, no. 6, pp. 766–771, 2013.

[106] R. Willis, A. M. Seif, G. McGwin Jr. et al., “Effect of hydroxy-
chloroquine treatment on pro-inflammatory cytokines and
disease activity in SLE patients: data from LUMINA (LXXV),
a multiethnic US cohort,” Lupus, vol. 21, no. 8, pp. 830–835,
2012.

[107] C. B. Chafin, N. L. Regna, S. E. Hammond, and C. M. Reilly,
“Cellular and urinary microRNA alterations in NZB/W mice
with hydroxychloroquine or prednisone treatment,” Interna-
tional Immunopharmacology, vol. 17, no. 3, pp. 894–906,
2013.

[108] F. D. Goldman, A. L. Gilman, C. Hollenback, R. M. Kato,
B. A. Premack, and D. J. Rawlings, “Hydroxychloroquine
inhibits calcium signals in T cells: a new mechanism to
explain its immunomodulatory properties,” Blood, vol. 95,
no. 11, pp. 3460–3466, 2000.

[109] J. C. Sachet, E. F. Borba, E. Bonfá, C. G. C. Vinagre, V. M.
Silva, and R. C. Maranhão, “Chloroquine increases low-
density lipoprotein removal from plasma in systemic lupus
patients,” Lupus, vol. 16, no. 4, pp. 273–278, 2007.

[110] E. Cairoli, M. Rebella, N. Danese, V. Garra, and E. F. Borba,
“Hydroxychloroquine reduces low-density lipoprotein cho-
lesterol levels in systemic lupus erythematosus: a longitudinal
evaluation of the lipid-lowering effect,” Lupus, vol. 21, no. 11,
pp. 1178–1182, 2012.

[111] M. Petri, C. Lakatta, L. Magder, and D. Goldman, “Effect of
prednisone and hydroxychloroquine on coronary artery
disease risk factors in systemic lupus erythematosus: a longi-
tudinal data analysis,” The American Journal of Medicine,
vol. 96, no. 3, pp. 254–259, 1994.

[112] H. N. Hodis, F. P. Quismorio Jr., E. Wickham, and D. H.
Blankenhorn, “The lipid, lipoprotein, and apolipoprotein

10 Mediators of Inflammation



effects of hydroxychloroquine in patients with systemic
lupus erythematosus,” The Journal of Rheumatology, vol. 20,
no. 4, pp. 661–665, 1993.

[113] L. S. Tam, E. K. Li, C. W. K. Lam, and B. Tomlinson,
“Hydroxychloroquine has no significant effect on lipids and
apolipoproteins in Chinese systemic lupus erythematosus
patients with mild or inactive disease,” Lupus, vol. 9, no. 6,
pp. 413–416, 2000.

[114] L. Durcan, D. A. Winegar, M. A. Connelly, J. D. Otvos,
L. S. Magder, and M. Petri, “Longitudinal evaluation of
lipoprotein variables in systemic lupus erythematosus reveals
adverse changes with disease activity and prednisone and
more favorable profiles with hydroxychloroquine therapy,”
The Journal of Rheumatology, vol. 43, no. 4, pp. 745–750,
2016.

[115] R. J. Pease, G. D. Smith, and T. J. Peters, “Degradation of
endocytosed insulin in rat liver is mediated by low-density
vesicles,” Biochemical Journal, vol. 228, no. 1, pp. 137–146,
1985.

[116] A. P. Bevan, J. R. Christensen, J. Tikerpae, and G. D. Smith,
“Chloroquine augments the binding of insulin to its recep-
tor,” Biochemical Journal, vol. 311, no. 3, pp. 787–795, 1995.

[117] J. Emami, F. M. Pasutto, J. R. Mercer, and F. Jamali, “Inhibi-
tion of insulin metabolism by hydroxychloroquine and its
enantiomers in cytosolic fraction of liver homogenates from
healthy and diabetic rats,” Life Sciences, vol. 64, no. 5,
pp. 325–335, 1999.

[118] A. Quatraro, “Hydroxychloroquine in decompensated,
treatment-refractory noninsulin-dependent diabetes melli-
tus: a new job for an old drug?,” Annals of Internal Medicine,
vol. 112, no. 9, pp. 678–681, 1990.

[119] S. K. Penn, A. H. Kao, L. L. Schott et al., “Hydroxychloro-
quine and glycemia in women with rheumatoid arthritis
and systemic lupus erythematosus,” The Journal of Rheuma-
tology, vol. 37, no. 6, pp. 1136–1142, 2010.

[120] Y.-M. Chen, C.-H. Lin, T.-H. Lan et al., “Hydroxychloroquine
reduces risk of incident diabetes mellitus in lupus patients in a
dose-dependent manner: a population-based cohort study,”
Rheumatology, vol. 54, no. 7, pp. 1244–1249, 2015.

[121] J. H. Rand, X.-X. Wu, A. S. Quinn et al., “Hydroxychloro-
quine protects the annexin A5 anticoagulant shield from
disruption by antiphospholipid antibodies: evidence for a
novel effect for an old antimalarial drug,” Blood, vol. 115,
no. 11, pp. 2292–2299, 2010.

[122] R. F. van Vollenhoven, M. Mosca, G. Bertsias et al., “Treat-to-
target in systemic lupus erythematosus: recommendations
from an international task force,” Annals of the Rheumatic
Diseases, vol. 73, no. 6, pp. 958–967, 2014.

[123] M. Mosca, C. Tani, M. Aringer et al., “European league
against rheumatism recommendations for monitoring
patients with systemic lupus erythematosus in clinical prac-
tice and in observational studies,” Annals of the Rheumatic
Diseases, vol. 69, no. 7, pp. 1269–1274, 2010.

[124] G. Ruiz-Irastorza and M. A. Khamashta, “Hydroxychloro-
quine: the cornerstone of lupus therapy,” Lupus, vol. 17,
no. 4, pp. 271–273, 2008.

[125] O. Hartman, P. T. Kovanen, J. Lehtonen, K. K. Eklund,
and J. Sinisalo, “Hydroxychloroquine for the prevention
of recurrent cardiovascular events in myocardial infarction
patients: rationale and design of the OXI trial,” European
Heart Journal - Cardiovascular Pharmacotherapy, vol. 3,
no. 2, pp. 92–97, 2017.

11Mediators of Inflammation



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

