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Autoimmune rheumatic diseases (ARDs) exhibit an elevated incidence of cardiovascular disease (CVD). The elevation of
inflammatory and immune stress accompanying ARDs contributes to atherosclerosis development and alterations in lipid
metabolism and lipoprotein profile add to cardiovascular (CV) risk. The plasma concentration of high-density lipoprotein
cholesterol (HDLc) is inversely related to CVD and serves as a discriminator of CV risk. However, this association is not
unequivocal, and changes in HDL functionality appear to emerge as a better indicator of CV risk, albeit difficult to measure and
monitor clinically. The modulation of HDLc itself can bring benefits in controlling autoimmunity and reducing ARD activity.
Understanding HDL function and each peculiarity involved in ARDs enables to seek means to prevent ischemic outcomes
associated with CVD, in the face of the residual CV risk persisting even with controlled disease activity and classic risk factors. By
comprehending HDL’s structural and functional nuances, it will be possible to develop more effective strategies to manage the
evolution and outcomes of ARDs. It is also necessary to standardize diagnostic methods and establish different markers for each
specific disease allowing the design of intervention strategies to restore HDL functionality, reduce residual CV, and prevent,
alleviate, or even suppress ARD activity.

1. Introduction

Autoimmune rheumatic diseases (ARDs) encompass a wide
range of clinical and laboratory manifestations, character-
ized by varying degrees of systemic immune responses and
chronic inflammation. Episodes of exacerbation alternate
with periods of remission, associated with metabolic alter-
ations that contribute to the overall pathophysiological pro-
file. The triggers and pathophysiology of these disorders are
not fully understood, but many aspects of their pathogenesis
are being elucidated, enabling the development of more spe-
cific treatments.

ARDs encompass several distinct diseases, such as rheu-
matoid arthritis (RA), systemic lupus erythematosus (SLE),
psoriatic arthritis (PsA), inflammatory spondyloarthropa-
thies (SpA), and Sjögren’s syndrome (SS). These diseases

share similar clinical, laboratory, and immunological mani-
festations. The etiology of this group of diseases is still
unknown, and the complex pathogenic mechanism has only
been partially elucidated. In the development of ARDs, there
is an intricate action of environmental factors, epigenetic
modification, and genetic susceptibility, which trigger the
autoimmune reaction [1]. It is estimated that 1.3 million
North American adults are impacted by RA, 0.6 million to
2.4 million by SpA, 161,000–322,000 by SLE, and 0.4 million
to 3.1 million by SS [2].

Individuals with ARDs face an elevated risk of athero-
sclerosis, attributed not only to inflammatory and immuno-
logical stress but also to metabolic shifts that promote a
proatherogenic environment. Insulin resistance, which
develops alongside low-grade chronic inflammation, leads
to changes in lipid and lipoprotein metabolism, marked by
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elevated plasma levels of triglycerides (TGs), small dense ath-
erogenic low-density lipoproteins (sdLDL), and diminished
high-density lipoprotein cholesterol (HDLc) (Figure 1). Inter-
estingly, the control of classic risk factors and clinical manage-
ment of the disease does not fully eliminate the risk of
cardiovascular (CV) morbidity and mortality, and residual
risk is attributed to the presence of nonclassic risk factors.
These include the accumulation of oxidation and glycoxida-
tion products that exacerbate local and systemic inflammatory
insults. Furthermore, they are represented by functional alter-
ations in lipoprotein particles, namely, HDL which may
exhibit a reduction in their ability to counteract the formation
of atherosclerotic lesions [3–7].

2. High-Density Lipoproteins (HDLs)

HDLs exhibit heterogeneity in both size and composition
ranging from 7.6 to 10.6 nm in diameter and consisting of
approximately 50% apolipoproteins (apos), 20% total cho-
lesterol, 15% phospholipids (PLs), and 5% TG. Among these
components, apoA-1 stands out as the primary protein,
playing a pivotal role in most functions attributed to HDL.
HDLs are formed as lamellar apoA-1/PL-containing struc-
tures called prebeta HDL produced by the liver and intes-
tine, and from the detachment of surface components of
TG-rich lipoproteins (very low-density lipoproteins
(VLDLs) and chylomicrons (QMs)) during lipolysis by lipo-
protein lipase (LPL). HDL generation relies on insulin sig-
naling, making it susceptible to compromise in the
presence of insulin resistance. In this state, the establishment
of hypertriglyceridemia is linked to the reduction of HDLc.

By acquiring free cholesterol from peripheral cells, HDL
enriches its core with esterified cholesterol (EC) due to the
activity of lecithin cholesterol acyltransferase (LCAT). Addi-
tionally, through the action of the cholesteryl ester transfer
protein (CETP), HDL receives TG from TG-rich lipopro-

teins, gradually increasing in size and maturation to facilitate
cholesterol delivery to the liver and its secretion into bile and
excretion in feces. This metabolic process is part of the
reverse cholesterol transport (RCT), an antiatherogenic
mechanism responsible for removing excess cellular choles-
terol, particularly from the arterial wall macrophages. Cellu-
lar cholesterol removal represents a primary action of HDL
against atherosclerosis and depends on its interaction with
the ATP-binding cassette transporter A-1 (ABCA-1) and
ATP-binding cassette transporter G-1 (ABCG-1) [8]
(Figure 2).

Along with facilitating the removal of cellular choles-
terol, HDL also mitigates LDL and cell membrane oxidation,
as well as the inflammatory response. Characteristically,
lipid accumulation predisposes the generation of reactive
oxygen species (ROS) and inflammatory signaling pathways,
primarily mediated by nuclear factor kappa B (NFKB). The
antioxidative and anti-inflammatory effects of HDL are
mainly mediated by apoA-1, apoA-4, apoM, and paraoxonase
1 (PON1). Transported by HDL, PON1 plays a key role in
neutralizing ROS, regulating vascular tone, inhibiting endo-
thelial adhesion proteins, reducing apoptosis in endothelial
cells, and enhancing endothelial integrity repair through
hematopoietic precursors. In endothelial and immune cells,
HDL impairs the expression of genes involved in inflamma-
tion, resulting in reduced secretion of inflammatory cytokines
and adhesion molecules involved in vascular damage [9–11].

HDL reorganizes the monocyte cytoskeleton, a step that
precedes cell migration in response to a chemotactic stimu-
lus. At the same time, it modifies the phenotypic differentia-
tion and the ability of monocytes to bind to endothelial wall
adhesion molecules, limiting their passage into the suben-
dothelial space and thereby preventing the development of
atherosclerotic plaque [12, 13]. In the presence of low-
intensity inflammation, the role of HDL has been demon-
strated in inhibiting the action and migration of monocytes,
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Figure 1: Autoimmune rheumatic diseases and atherosclerosis. Autoimmune rheumatic diseases (ARDs), including rheumatoid arthritis,
systemic lupus erythematosus, psoriatic arthritis, inflammatory spondyloarthropathies, and Sjögren’s syndrome, are associated with an
elevated risk of cardiovascular disease. This is primarily driven by chronic inflammation, an exacerbated autoimmune response, insulin
resistance, and alterations in plasma lipid profiles. These lipid abnormalities are characterized by increased plasma triglycerides (TGs),
the formation of small, dense LDL particles, reduced HDL cholesterol levels, and impaired HDL particle functionality (parts of the figure
were obtained from https://smart.servier.com).
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as evidenced by the lower number of active macrophages in
the peritoneal cavity [14].

HDL can improve insulin secretion by altering the cell
membrane and the cholesterol content in granules of
insulin-secreting cells (B pancreatic cells). Additionally, in
peripheral cells, apoA-1 enhances insulin signaling, promot-
ing insulin sensitivity and maintaining glucose homeosta-
sis [15].

More recently, the determination of the proteome and
lipidome of HDL has contributed to discerning the differential
function of HDL subfractions in various clinical andmetabolic
contexts. HDL acts as a cargo particle for hundreds of proteins
and bioactive lipids involved not only in lipid metabolism but
also in the modulation of the complement system, metallopro-
teinase activity, endothelial function, and hemostasis, among
others. By carrying sphingosine 1 phosphate (S1P), HDL can
induce endothelial oxide nitric synthase activity and nitric
oxide-mediated vasodilation. S1P modulates the acute-phase
protein pentraxin 3 (PTX3), alters the differentiation of lym-
phocyte lineage cells, and reduces dendritic cell activation
and cell death, resulting in an anti-inflammatory phenotype
[16, 17].

HDL transports small noncoding microRNAs (miRs)
capable of blocking the translation of target RNAs. By deliv-
ering miRs to target cells via scavenger receptor class B type
1 (SR-B1), HDL participates in the control of gene expres-
sion, a mechanism demonstrated to be relevant for athero-
genesis and the progression of other chronic and acute
diseases [18]. Moreover, HDL modulates innate immunity,
a function attributed to its ability to bind bacterial lipopoly-
saccharides (LPS), thus facilitating their transport to the liver
for detoxification rather than binding to Toll-like receptors
(TLRs) and triggering inflammatory signaling. This plethora
of actions attributed to HDL makes this lipoprotein not
strictly linked to CV risk regarding the strict control of lipid
homeostasis but also related to the modulation of immune
and inflammatory activity, which guides the genesis and
evolution of various chronic diseases including the ARDs
[12, 19, 20].

3. HDLs and ARDs

While the specific treatment of ARDs has advanced consider-
ably in recent years, not all individuals respond satisfactorily,
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Figure 2: High-density lipoprotein (HDL) functionality. HDL performs various functions that cannot be inferred solely by measuring HDL
cholesterol (HDLc) or apolipoprotein A-1. These functions link HDL to cardiovascular protection and its role in the pathophysiology of
several chronic and acute diseases. (1) HDL mediates reverse cholesterol transport, removing excess cellular cholesterol and oxysterols
(including from macrophages infiltrated in the arterial intima) and promoting its trafficking to the liver for elimination via bile and
feces; (2) diminishes the inflammatory response by minimizing the transcription of inflammatory genes; (3) reduces LDL oxidation,
decreasing its uptake by macrophages; (4) stabilizes atherosclerotic lesions by carrying protease inhibitors; (5) promotes vasodilation by
enhancing nitric oxide (NO) release from the endothelium; (6) transports microRNAs and delivers them to target cells, regulating
protein expression; and (7) supports glycemic homeostasis by positively modulating insulin sensitivity. These functions may be
compromised in ARDs contributing to CDV. Abbreviations: ABCA-1, ATP-binding cassette transporter A-1; ABCG-1, ATP-binding
cassette transporter G-1; CD-36, cluster of differentiation 36—member of class B scavenger receptor; LOX-1, lectin-type oxidized low-
density lipoprotein (LDL) receptor-1; SR-B1, scavenger receptor class B type 1 (parts of the figure were obtained from https://smart
.servier.com).
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and even those who do respond may not always be able to
completely halt the progressive evolution of immune
aggression.

A proatherogenic lipid pattern is often observed in
ARDs, including elevated levels of plasma low-density lipo-
protein cholesterol (LDLc) [21–26]. However, in RA, a
reduction in LDLc is observed, which is proportional to
the degree of disease activity. This event is described as the
lipid paradox in RA, given the higher occurrence of ischemic
events in these patients alongside the reduction in LDLc
levels. This is attributed to the increase in the fraction of
sdLDL, which is more atherogenic due to its greater passage
into the arterial intima and susceptibility to oxidative modi-
fication, favoring the chemotaxis of immune cells and their
uptake by monocyte-derived macrophages [27, 28].

A systematic review showed that circulating levels of vas-
cular cell adhesion molecule 1 (VCAM-1), intercellular
adhesion molecule 1 (ICAM-1), and selectin E have a strong
correlation with subclinical atherosclerotic disease in RA
[29]. The immunological, inflammatory, and oxidative
insults accompanying ARDs are key elements in metabolic
modulation across different clinical stages of these diseases.
Inflammation is one of the mechanisms guiding the genesis
of insulin resistance that leads to compensatory hyperinsu-
linemia and enhanced free fatty acids output from adipose
tissue. Consequently, there is increased hepatic production
of TG and secretion of VLDL, coupled with reduced pre-
beta HDL generation. The reduction in HDLc is driven by
the decreased activity of LPL on TG-rich lipoproteins and
the increased activity of CETP, which produces larger, TG–
enriched HDL particles. These become a better substrate
for hepatic lipase, resulting in the formation of smaller
HDL particles associated with lower CV protection [30,
31]. Additionally, acute-phase proteins including serum
amyloid A (SAA), ceruloplasmin, and haptoglobin, and
inflammatory cytokines bind to HDL and displace its main
protein component, apoA-1, compromising its ability to
mediate RCT and other actions [32]. The increase in phos-
pholipase A2 (PLA2) activity, seen in acute and chronic
inflammatory conditions, leads to a reduction in the concen-
tration of PL on the surface of HDL and contributes unfa-
vorably with its actions. Additionally, it produces
lysophosphatidylcholine, which intensifies the immune and
inflammatory response [31]. In this context, HDL becomes
proinflammatory and immunogenic, contributing to a
proatherogenic environment alongside other lipid alter-
ations. Indeed, the functional modifications of HDL seem
to explain why therapies focused on raising HDLc do not
unequivocally correlate with better CV outcomes. This also
exacerbates the CV risk in ARDs regardless of disease remis-
sion, management with medications, and control of other
CV risk factors [7, 33].

PL transfer protein (PLTP) is reported as an inflamma-
tory inducer in subjects with RA, regardless of its role in
metabolism. In RA, a preferential deviation of PL from the
HDL surface towards the synthesis of arachidonic acid, a
precursor of proinflammatory eicosanoids, is observed
[34]. Elevated TG levels within HDL particles have been
observed in individuals with RA, SLE, and psoriasis, and

are associated with a reduction in PL and EC in the HDL
[35]. Levels of PLA2 showed a strong association with the
presence of subclinical atherosclerotic disease and the inten-
sity of disease activity in individuals with early RA [36].

The capacity of apoB-depleted serum, containing only
HDL as lipoprotein, to mediate cholesterol efflux from mac-
rophages (named CEC) was directly related to CV protec-
tion in several clinical trials. Furthermore, in most cases, it
was shown to be independent of the inflammatory process
when adjusted for C-reactive protein (CRP), an important
inflammatory biomarker [37]. The predictive power of
CEC in acute coronary syndrome was evaluated in the pro-
spective study PREDIMED, with individuals at high CV risk.
The relative risk of events was lower with higher CEC, inde-
pendently of other traditional risk factors, including the
absolute values of plasma HDLc [38]. In SLE, there is evi-
dence of a direct relationship between carotid atherosclerotic
plaque and CEC [39]. However, in some studies in AR, the
data are controversial when trying to correlate atherogenic
disease and CEC [40]. Mehta et al. [41] demonstrated a
reduction in HDLc levels and lower CEC in psoriasis, along
with a greater association of HDL size alterations with signs
of CVD. Apo-A1 and apo-M were reduced in HDL in
replacement by acute-phase inflammatory proteins [21].

In ARDs, the increase in immune complexes containing
fractions of complement C1q reduces the activity of choles-
terol 27-hydroxylase in endothelial cells and activated mac-
rophages. This reduces the conversion of cholesterol into
27-hydroxycholesterol, a more soluble oxysterol, which,
when exported from cells, contributes as an additional path-
way to RCT, mediated by HDL [42].

The expression of the gene that encodes ABCA-1 can be
inhibited by inflammatory cytokines such as IL-6,
interferon-gamma (IFN-gamma), platelet-derived growth
factor (PDGF), and interleukin 1 beta (IL-1beta) or, on the
other hand, can be stimulated by interleukin 10 (IL-10)
and transforming growth factor beta 1 (TGFbeta1) [43].
This indicates that ABCA-1 is related to the Janus kinase
(JAK)/signal transducer and activator of transcription 3
(JAK/STAT3) inflammatory pathway, in which HDL plays
an important inhibitory role in addition to its direct role in
RCT [12].

In some ARDs, activation of neutrophil myeloperoxidase
(MPO) promotes oxidation of apoA-1, compromising LCAT
activity and CEC. Additionally, it generates glycolaldehyde,
an oxoaldehyde that modifies HDL by advanced glycation,
hindering the flow along the RCT and damaging other
HDL functions [44, 45].

On the other hand, in RA, an increase in LCAT activity
is observed, especially during disease active phase of the dis-
ease, alongside a reduction in the ABCA-1-mediated CEC/
ABCG-1-mediated CEC ratio, clearly indicating a blockade
in the maturation of pre-beta HDL to mature HDL. Systemic
inflammation markers such as CRP and RA activity score
(DAS28) have an inverse association with ABCA1-
dependent CEC. This same spectrum has been observed in
healthy volunteers who received intravenous LPS infusion,
simulating what is observed in sepsis [46]. In addition, in
individuals with RA, impairment of RCT mediated by

4 International Journal of Rheumatology



ABCG-1 was evidenced, correlating with the disease activity
inferred by the DAS28 [47].

Abca1 and Abcg1 knockout animals in dendritic cells
exhibit a SLE-like pattern of adenomegaly and glomerulone-
phritis, with cellular cholesterol accumulation and activation
of proinflammatory pathways, linking to polarization
towards T helper lymphocytes 1 (Th1) and Th17, and more
M1-inflammatory macrophages. These data suggest that
HDL-mediated RCT is important in maintaining immune
tolerance [48]. Additionally, in SLE, anti-ABCA-1 antibody
titers are higher, proportionally higher in those with athero-
sclerotic manifestations [49].

The main ARDs, including RA, SLE, AS, PsA, and SS,
exhibit quantitative and qualitative alterations in HDL parti-
cles [3, 21–24]. Interestingly, despite the observed reduction
in the quantity of HDL, a few studies have not shown differ-
ences in HDL size compared to control groups, prompting
discussions on the possibility of methodological variations.
In adolescents with SLE, the HDL-c/apoA-1 ratio was ele-
vated, indicating a lower amount of apoA-1 in the particles
and indirectly suggesting the predominance of larger parti-
cles [25]. In Behçet’s disease, it has been demonstrated that
the HDL2 fraction is reduced, while HDL3 is elevated. The
LDLc/HDLc ratio is higher than in controls and is directly
related to concentrations of CRP and TG [26]. Plasma HDLc
concentration is postulated as predictive of autoimmune dis-
ease exacerbation. One study revealed an average 9%
decrease in HDLc preceding the onset of symptoms in indi-
viduals with RA [50].

In SLE, the low concentration of HDLc involves, besides
the reduction in LPL activity, the presence of anti-LPL and
anti-apoA-1 antibodies and higher CETP activity. Approxi-
mately one-third of individuals with SLE exhibit anti-
apoA-1 antibodies, which appear primarily targeted towards
mature HDL particles and directly linked to disease activity
[51]. Elevated anti-apoA1 antibody titers are correlated with
an increase in Systemic Lupus Erythematosus Disease Activ-
ity Index (SLEDAI) and are inversely proportional to PON1
activity [52, 53]. These autoantibodies can also be detected
in individuals without autoimmune disease, shortly after
acute coronary events, although their significance remains
poorly understood [54]. Additionally, in SLE, as in RA,
HDL particles are less enriched in apoA-1, apoM, and
PON1 and have a higher content of SAA [55–57]. McMahon
et al. [58] demonstrated in SLE, HDL with proinflammatory
characteristics in a higher proportion compared to RA
(45% > 20%), and to a control population (4%). However,
such comparison is difficult considering the distinct activi-
ties of the diseases and the fact that no correlation of these
findings was observed in individuals with disease activity
in SLE, quantified by the SLEDAI score. Exacerbated immu-
nological responses increase the oxidation of apo A-1, mak-
ing this apo more immunogenic. This, in turn, further boosts
anti-apoA-1 antibody titers and accelerates the degradation
of HDL [39, 59].

Parra et al. [60] demonstrated, in a cohort of individuals
with SLE, a correlation between small, dense dysfunctional
HDL and levels of complement component 3 (C3) and com-
plement component 4 (C4), as well as activation of the com-

plement cascade, in those experiencing acute disease
episodes and unfavorable clinical outcomes. The apoM,
which anchors S1P, is reduced in patients with SLE,
inversely associated with the intensity and activity of the dis-
ease, as measured by the SLEDAI score, characterized by
leukopenia and elevated titers of anti-dsDNA antibodies
and CRP. At the same time, it is positively associated with
C3 levels [61].

Interestingly, there are reports of elevated HDLc levels or
values within the normal range in cases of ARD, still associ-
ated with a higher CV risk [62, 63]. This is described in the
general population, with a U-shaped mortality curve for
extreme HDLc values. It is important to note that at high
HDLc levels above 90mg/dL, allelic variants in genes encod-
ing SR-B1 and CETP have been identified, which impair the
RCT [64–66]. Alteration in HDL functionality is indeed evi-
denced, with compromised CEC and this alteration is pro-
portional to the degree of ARD activity [42, 48]. Recent
observations from our group have demonstrated that eleva-
tions in HDLc and HDL composition in PL and total choles-
terol, as well as the ability of HDL particles to remove cell
cholesterol, reduce the odds ratio for active RA [67].

The content of miR-1246 in HDL is higher in individuals
with RA, which is linked to higher IL-6 production, oppos-
ing the anti-inflammatory activity of HDL [37]. Moreover,
in RA with high inflammatory activity and CRP levels
> 10mg/L, a reduction in the antioxidant capacity of the
HDL3 subfraction was observed [68].

In some studies, the levels of proinflammatory HDL did
not significantly change over time in patients with SLE, at
different stages of disease activity, even when treated. This
suggests that chronic inflammatory status, albeit of low
intensity, is already sufficient to alter HDL, or that such
alterations involve genetically predetermined factors or
those linked to the etiopathogenesis of autoimmune disease.
On the other hand, when individuals with SLE and pre-
established CVD were analyzed compared to those without
atherosclerosis, levels of proinflammatory HDL were signif-
icantly higher in the former group [69].

All aspects discussed explain why traditional CV risk
scores underestimate individuals with ARDs, as they fail to
account for the inflammatory aspect and its consequences
on lipoprotein functionality. Therefore, it would be ideal to
incorporate methodologies for quantifying HDL functional-
ity in addition to HDLc in CV risk prediction [70]. Deter-
mining HDL functionality encounters methodological
challenges that include laborious and costly techniques,
which are difficult to compare when considering the differ-
ent methods of isolating these particles and determining
their various actions using different cell types, in vitro assays,
and animal models.

The use of recombinant HDL and apoA-1 mimetics is
beneficial in reducing the area of atherosclerotic lesions
and local inflammatory processes, although there are diver-
gent results [71–73]. The infusion of the apo A-1 mimetic
peptide (4FP) reduced morbidity and mortality in animal
models of sepsis [74], reinforcing the role of HDL in
immune and inflammatory control. Furthermore, in a study
using a murine model of autoimmunity, the infusion of
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apoA-1 could normalize regulatory T lymphocytes (Tregs),
which inhibit the activation of other lymphocyte popula-
tions, thereby suppressing cell-mediated immune response
and inflammatory activity [75].

4. Therapeutic Approach in ARDs and HDLs

A more in-depth approach to therapies in ARDs is beyond
the scope of this review. However, it is worth considering
that various therapies may lead to changes in HDL compo-
sition and functionality, and consequently, in the modula-
tion of CV risk in ARDs. Many individuals with active
ARDs or joint sequelae end up significantly reducing
engagement in physical activities [76]. Regular physical exer-
cise, particularly aerobic activities, raises plasma HDL con-
centrations. Aerobic exercise for 12-24 weeks increased
HDLc by 3.8 to 15.4mg/dL compared to baseline [30]. Addi-
tionally, regular aerobic activity promotes an increase in
HDL particle size in apoA-1 content, and greater PON1
activity [76, 77]. Exercise improves lipid profile and also
reduces vascular tone, controls blood pressure, and modifies
body fat distribution, reducing the waist-to-hip ratio, as
demonstrated in individuals with AR [78]. SLE subjects
who exercise little have a proinflammatory HDL profile
and a higher incidence of subclinical atherosclerosis, as
shown in a comparative study with active individuals [79].
In mice, it has been shown that aerobic exercise increases
cholesterol trafficking from macrophages to the liver for sub-
sequent biliary excretion through RCT without changes in
the expression of genes involved in macrophage cholesterol
efflux. In the liver, increased cholesterol uptake from plasma
was observed due to the upregulation of SR-B1 and LDL
receptors in wild-type mice and transgenic mice expressing
human CETP [80].

Statins, which constitute the standard treatment for
hypercholesterolemia, are frequently prescribed for individ-
uals with ARDs [81]. The pleiotropic actions of statins
extend beyond inhibiting cholesterol synthesis by blocking
the enzyme hydroxymethylglutaryl-coenzyme A reductase.
They include antioxidant activity, inhibition of metallopro-
teinases, and stabilization of atherosclerotic plaques. Some
studies indicate a modulating effect of statins on lipid micro-
domains in cell membranes [82]. Statins have been shown to
disrupt the binding of oxidized LDL to lectin-like oxidized
LDL receptor-1 (LOX-1) on endothelial cells [83] and
reduce Toll-like receptors (TLRs), interleukin-2 receptors
(IL-2r), and major histocompatibility complex 2 expression
[84–87].

In mice, simvastatin stimulated the expression of endo-
thelial SR-B1 through a mechanism involving the peroxi-
some proliferator–activated receptor alpha (PPAR alpha),
which in turn stimulated the endothelial nitric oxide syn-
thase production dependent on HDL and reduced the
expression of endothelial adhesion molecules [88]. In
another animal model, fluvastatin, through interaction with
membrane lipid microdomains, shifted macrophage polari-
zation from M1 to M2, leading to anti-inflammatory, antiox-
idative, and antiatherogenic effects [89]. Even more
compellingly, persistent statin use in a study was associated

with a lower risk of developing AR [90]. However, despite
these multiple favorable pleiotropic effects of statins, they
have not yet demonstrated the ability to reverse the proin-
flammatory state of HDL, thus leaving residual CV risk
[27]. Despite modifying various HDL systems, statins can
induce a reduction in HDL cholesterol without exerting a
significant effect on CEC [91].

Fibrates as PPAR alpha agonists promote the elevation
of HDLc and increase gene transcription of the ABCA1 gene
[92]. Their anti-inflammatory action proves beneficial in the
clinical manifestations of RA, with a significant improve-
ment in DAS28 [93, 94].

Although the transient use of corticosteroids has shown
an elevation in HDL in RA patients [95], it is known that
this therapy can worsen other CV risk factors, compromis-
ing the benefits that could result from controlling the
inflammatory process [96]. After 2 years of corticosteroid
therapy, data analysis revealed an increased risk of CVD in
SLE patients, driven by elevated apoB and TG levels, along
with reduced HDLc [96]. The adverse effects of corticoste-
roids are time and dose-dependent, and occasional use dur-
ing exacerbations to minimize symptoms does not appear to
be harmful. On the other hand, chronic doses of prednisone
in RA patients result in suppression of CEC and increased
progression of atherosclerotic plaque [46].

In general, disease–modifying antirheumatic drugs
(DMARDs) improve the lipid profile and enhance the car-
dioprotective function of HDL [97–99]. Despite some stud-
ies reporting contradictory data, a meta-analysis in patients
with RA demonstrated that CEC correlates more closely
with therapeutic benefit than the absolute quantity of HDL
particles [41]. In subjects with early RA, different combina-
tions of DMARDs led to a reduction in disease activity,
along with favorable modifications of HDL particles in their
structure and functional capacity, quantified by their com-
position of apoA-1, MPO, and PON1 [100].

In RA, the TNF inhibitor, infliximab, has shown
improvement in HDLc, an effect that persisted after 6
months of administration [101]. In general, studies have
associated anti-TNF therapies with a reduction of up to
54% in the risk of CV events [102]. Besides the elevation
of HDLc, this class is also associated with an increase in
LDLc, in total agreement with what was previously described
as the lipid paradox of RA, and the effect can also be assessed
by the reduction in the apoB/ApoA-1 ratio [103].

Adalimumab in the AMPLE study improved HDL func-
tion and CEC and altered HDL proteome, especially struc-
tural proteins involved in immune interaction, antioxidant
capacity, and anti-inflammatory action. The same profile
was observed abatacept, a costimulatory modulating drug
that acts on T lymphocytes [104]. Although TNF inhibitors
have shown potential to inhibit complement system activa-
tion, sustained inhibition was achieved only with the addi-
tion of methotrexate in one study, maintained over a 6-
month follow-up period [105].

Anti-IL-6 therapies for RA, such as tocilizumab, have
been associated with improvements in the atherogenic pro-
file of lipoproteins by modifying HDL in terms of CEC
and the expression of SAA, PON1, and PLA2 [106, 107]. A
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study compared the effects of tocilizumab with adalimumab,
and as the actions of IL-6 and TNF are not necessarily sim-
ilar, the study is aimed at seeing if there were differences in
terms of lipid profile. In this regard, tocilizumab was supe-
rior in increasing HDLc and LDLc and in reducing HDL-
SAA, PLA2, and Lp(a) [108]. In the KALIBRA study, using
tocilizumab in RA patients, it was observed that the eleva-
tion of LDLc, within the concept of the lipid paradox,
resulted from the reduction of LDL catabolism, rather than
an increase in the synthesis of this lipoprotein [109].

In a meta-analysis, methotrexate, a first-line drug in the
treatment of RA, reduced CV outcomes by 21% [110]. Meth-
otrexate induces the generation and maturation of pre-beta
HDL and reduces macrophage differentiation. Moreover, it
increased CEC, mediated by ABCG1 and SR-B1 [111]. In a
prospective study with 288 subjects with psoriasis, it was
observed a proinflammatory lipid profile in those with joint
involvement compared to those with exclusive cutaneous
manifestation. After the use of methotrexate in PsA, a signif-
icant reduction in the apoB/apoA-1 ratio was observed;
however, this benefit was observed only in men [112].

Hydroxychloroquine has been shown to increase HDLc
in subjects with SLE and RA, improving CEC and reducing
non-HDL and TG [113–115]. Chloroquine has also been
shown to reduce atherosclerotic outcomes in patients with
SLE [116].

In SLE, rituximab reduced plasma TG without a signifi-
cant alteration in LDLc and HDLc [117]. However, when
this drug was administered to individuals with RA, it
improved endothelial function and reduced carotid intima-
media thickness, despite the lipid profile alteration not being
as significant [118]. Another study, however, showed an
improvement in the functional and quantitative profile of
HDL following the administration of rituximab in subjects
with RA [55].

JAK inhibitory therapies increased HDLc in subjects
with SLE and RA and raised CEC by enhancing LCAT activ-
ity. A meta-analysis with baricitinib, an oral selective JAK1,
and JAK2 inhibitor, showed a dose-dependent increase in
HDLc [119].

Using the PREDICTS score, which utilizes various clini-
cal and laboratory parameters to quantify the risk of athero-
sclerosis in SLE, as a method of evaluating the therapeutic
response, a significant reduction in the index was obtained
with the use of the immunosuppressant mycophenolate
mofetil (MMF), but this was not observed with the use of
azathioprine or chloroquine This result is noteworthy as ele-
vated PREDICTS scores can increase the risk of atheroscle-
rotic disease by up to 28 times [120]. On the other hand,
MMF did not prove to be effective in reducing the progres-
sion of subclinical atherosclerosis, as assessed by carotid
intima-media thickness and calcium score, although the
follow-up period was only 2 years, and the sample size was
limited [121]. In an animal model of LDL receptor knockout
(LDLr-/-) mouse prone to develop SLE, MMF decreased the
size of atherosclerotic lesions and reduced the population of
CD4+ T lymphocytes both in the atheromatous lesion and in
the periphery, which was not demonstrated in the control
group with atorvastatin [122].

Anifrolumab is an inhibitor of interferon 1-mediated
signaling, linked to the etiopathogenesis of SLE. In a phase
II study (MUSE trial) with SLE patients, its use resulted in
a reduction in the formation of neutrophil extracellular traps
and TNF concentration and a significant increase in CEC
mediated by HDL [123]. Also, in SLE subjects resistant or
intolerant to traditional medications, sirolimus, a mamma-
lian target of rapamycin complex 1 (mTORC1) inhibitor,
was used, reducing the sensitivity of IL-2r receptors on T
and B lymphocytes. A significant improvement in SLEDAI
and BILAG activity scores was observed after 12 months of
treatment, as well as a reduction in the required corticoste-
roid dose and an expansion of the Treg population. The only
unexpected finding was the maintenance of HDLc plasma
levels when an elevation was expected [124].

Knock-out mice for ABCA1 and ABCG1 in dendritic
cells show activation of inflammatory pathways and devel-
opment of ARDs, which are attenuated after the administra-
tion of reconstituted HDL (rHDL). Infusion of rHDL was
tested in mouse models of RA, which naturally present lower
CEC with reduced expression of ABCA1. The therapy inhib-
ited myelopoiesis and prevented the accumulation of mono-
cytes in endothelial lesions [125]. The combination of 4FP
with pravastatin was used in experimental models of RA
and demonstrated the ability to minimize the inflammatory
process and improve the clinical severity score of the disease
[126]. Since individuals with the apoA-1Milano allelic variant
were shown to be protected against CVD, despite low levels
of HDLc, a recombinant mimetic of the same variant
(MDCO216) was infused in individuals after acute coronary
artery disease, and although significant regression of athero-
sclerotic plaque was not observed compared to the placebo
group, the difference in CEC was 80.4% and 41.6%, respec-
tively, after 5 weeks of follow-up [127]. At the same time,
administration of CSL112, a reconstituted plasma-derived
apoA-1, was shown to significantly increase CEC in patients
with a recent history of acute coronary syndrome [128].

5. Conclusions

HDL acts in modulating the inflammatory and immune
response through interaction with different cells of the
immune system. Therefore, the importance of a more in-
depth study of the relationship between HDL and ARDs is
justified, to minimize complications resulting from immune
aggression and to reduce residual CV risk, despite therapy
and control of major traditional risk factors. Although the
specific treatment of ARDs has evolved considerably in
recent years, not all subjects respond satisfactorily, and those
who do respond are not always able to completely halt the
progressive evolution of immune aggression. HDL, due to
its pleiotropic actions, represents an important effector in
the link between ARDs and atherosclerosis.
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