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Abstract
Background: Maintaining low concentrations of plasma low-density lipopro-
tein cholesterol (LDLc) over time decreases the number of LDL particles trapped 
within the artery wall, slows the progression of atherosclerosis and delays the age 
at which mature atherosclerotic plaques develop. This substantially reduces the 
lifetime risk of atherosclerotic cardiovascular disease (ASCVD) events.  In this 
context, plaque development and vulnerability result not only from lipid accumu-
lation but also from inflammation.
Results: Changes in the composition of immune cells, including macrophages, 
dendritic cells, T cells, B cells, mast cells and neutrophils, along with altered cy-
tokine and chemokine release, disrupt the equilibrium between inflammation 
and anti-inflammatory mechanisms at plaque sites. Considering that it is not 
a competition between LDLc and inflammation, but instead that they are part-
ners in crime, the present narrative review aims to give an overview of the main 
inflammatory molecular pathways linked to raised LDLc concentrations and to 
describe the impact of lipid-lowering approaches on the inflammatory and lipid 
burden. Although remarkable changes in LDLc are driven by the most recent 
lipid lowering combinations, the relative reduction in plasma C-reactive protein 
appears to be independent of the magnitude of LDLc lowering.
Conclusion: Identifying clinical biomarkers of inflammation (e.g. interleukin-6) 
and possible targets for therapy holds promise for monitoring and reducing the 
ASCVD burden in suitable patients.
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1   |   INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) remains 
a leading cause of morbidity and mortality despite excel-
lent pharmacological and revascularization approaches. 
Following the seminal 4S (Scandinavian Simvastatin 
Survival Study) trial, demonstrating that statin therapy re-
duced rates of recurrent myocardial infarction (MI), stroke 
and cardiovascular death among secondary prevention pa-
tients with overt hyperlipidaemia,1 statin trials have shown 
that an extensive range of patients benefited from statins, 
including those without evidence of overt vascular dis-
ease or hyperlipidaemia.2 Among patients with clinically 
evident vascular disease who receive optimal treatment, 
a significant proportion (>20% and even >30%) remain at 
risk of recurrent events (e.g. MI, stroke or vascular death) 
over a 10-year period.3 While one aspect of the residual 
risk is undoubtedly related to the further reduction in low-
density lipoprotein cholesterol (LDLc), it is worth recalling 
that Rudolf Virchow, more than a century ago, proposed 
that atherosclerosis was a chronic inflammatory condition 
induced by cholesterol.4 In addition to data from the inter-
ventional studies reducing LDLc concentrations, the PESA 
(Progression of Early Subclinical Atherosclerosis) study 
found an independent and a direct link between LDLc 
and atherosclerotic burden (as assessed by subclinical 
atherosclerosis) in apparently healthy individuals without 
conventional ASCVD risk factors (e.g. smoking and hyper-
tension).5 Indeed, maintaining low blood LDLc over time 
decreases the number of LDL particles trapped within the 
artery wall, slows the progression of atherosclerosis, delays 
the age at which mature atherosclerotic plaques develop, 
and substantially reduces the lifetime risk of ASCVD 
events.6

Moving to the inflammatory hypothesis,7 inflamma-
tion in both its chronic and acute forms may represent one 
of the yet underappreciated cardiovascular risk factors 
considering that many patients presenting with an acute 
MI do not exhibit elevated LDLc but show features of in-
creased inflammation.8 Data from the proof-of-concept 
CANTOS (Canakinumab Anti-Inflammatory Thrombosis 
Outcome Study) trial have clearly identified inflamma-
tion as one of the critical biological processes leading to 
coronary events.9 Similarly, in the COLCOT (Colchicine 
Cardiovascular Outcomes Trial) study, low-dose colchi-
cine effectively prevented major adverse cardiovascu-
lar events (MACE) in patients who experienced a recent 
MI compared to placebo.10 As a result, the US Food and 
Drug Administration approved using low-dose colchicine 
for patients with established ASCVD. Additionally, the 
European Society of Cardiology guidelines recommended 
considering colchicine as an option to the standard of care 
to prevent recurrent cardiovascular events in patients with 

acute coronary syndromes.11 However, the impact of col-
chicine on atherosclerotic plaque needs to be directly clar-
ified. The COLCOT study (Colchicine for the Stability of 
Coronary Plaque in Acute Coronary Syndrome) demon-
strated that in patients with acute coronary syndrome, 
colchicine resulted in plaque stabilization, evidenced by 
a greater increase in minimum fibrous cap thickness, a 
reduction in the lipid arc and decreased macrophage in-
filtration.12 Conversely, the results of the COCOMO-ACS 
trial (COlchicine for COronary Plaque MOdification in 
Acute Coronary Syndrome) found that optical coherence 
tomography did not detect a significant effect of colchicine 
on minimum fibrous cap thickness, maximum lipid arc in 
non-culprit imaged segments or lipid-rich plaques.13

Thus, identifying biomarkers of inflammation that 
could be used in clinical practice (e.g. interleukin-6 (IL-
6) or IL-1β) holds promise for targeting the right patients 
with the aim of reducing ASCVD.14 Besides that, in pa-
tients receiving more intensive lipid-lowering therapy, 
high-sensitivity C-reactive protein (hs-CRP) was a stron-
ger predictor of future cardiovascular events than LDLc 
alone.15,16 Elevated hs-CRP levels were associated with 
an increased risk of recurrent cardiovascular events and 
mortality, regardless of the vessel territory involved (i.e. 
coronary artery disease, cerebrovascular disease, periph-
eral artery disease and abdominal aortic aneurysm).17 
Prospective studies also indicated that elevated preop-
erative hs-CRP levels were linked to an increased risk 
of early restenosis following carotid endarterectomy.18 
Notably, among 1069 individuals who underwent end-
arterectomy, those with hs-CRP levels ≥2 mg/L exhibited 
a pro-inflammatory and adverse plaque phenotype char-
acterized by elevated plaque cytokine levels of IL-6 and 
IL-8.19

Since chronic inflammation hallmarks lipid-mediated 
atherogenesis, the presence of an inflammatory state 
cannot be overlooked in individuals with familial hyper-
cholesterolemia (FH).20 FH is a metabolic disorder due 
to impaired hepatic uptake of blood LDL particles, trig-
gering an increased compensatory cholesterol synthesis 
and ultimately resulting in high plasma LDLc levels. 
The uptake of LDL by the LDL-receptor (LDLR) depen-
dent pathway is impaired as a consequence of genetic 
variants on the LDLR, apolipoprotein B (APOB), and 
pro-protein convertase subtilisin kexin type 9 (PCSK9) 
genes, accounting respectively for >90%, >5% and >1% 
of cases.21 FH is inherited as an autosomal dominant 
disease and can be distinguished as mono-allelic or bi-
allelic. The first condition, known as heterozygous FH 
(HeFH), is the most frequent monogenic disease, with 
an estimated prevalence of one in 200–350 subjects.22–24 
The second condition, commonly known as homozygous 
FH (HoFH), is infrequent with an estimated prevalence 
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of one in 160–300,000 subjects.21,25,26 HoFH can also 
be caused by variants in the LDLR-associated protein 1 
(LDLRAP1), which is transmitted as an autosomal reces-
sive disease. This form of FH accounts for <1% of cases 
and is caused by bi-allelic loss-of-function variants in 
LDLRAP1.27,28

The lifelong exposure to increased LDLc concentrations 
since childhood associates this condition with an increased 
risk of premature coronary artery disease.29 However, con-
siderable variability in the latter's expression has been re-
ported. On one side, up to 45% of HeFH subjects do not 
exhibit any ASCVD, and some HoFH patients have also 
been reported as resilient to atherosclerosis.30,31 Conversely, 
despite sharing the same genetic and environmental back-
ground, some patients encounter a much more accelerated 
disease that evolves into premature cardiovascular artery 
disease despite statin treatment.32 However, early diagno-
sis and treatment are essential in attenuating the excessive 
cardiovascular risk in both sexes.33

Finally, although not within the remit of the present 
article, it is worth reporting that autoimmune diseases, 
including systemic lupus erythematosus and rheumatoid 
arthritis, are associated with an increased risk of ASCVD 
and cardiovascular death. As reviewed by Porsch & Binder, 
inflammation is a dominant contributor to cardiovascular 
risk in patients with autoimmune conditions.34

Based on this background, the aim of the present 
narrative review was to give an overview of the main 

inflammatory molecular pathways linked to raised levels 
of LDLc, including those linked to FH, and to describe the 
differences among lipid-lowering approaches in amelio-
rating the double sword of inflammation and lipid burden 
(Figure 1).

2   |   ATHEROSCLEROSIS AND 
INFLAMMATION: A MOLECULAR 
OVERVIEW

Plaque development and vulnerability result not only 
from lipid accumulation but also from inflammation.35 
The critical players in plaque rupture include the extent of 
the inflamed area, lipid core dimension, fibrous cap thick-
ness, apoptosis of smooth muscle cells, and the balance 
between proteolytic enzymes and plaque calcification.36 
Changes in the composition of immune cells,37 includ-
ing macrophages, dendritic cells, T cells, B cells, mast 
cells, and neutrophils, along with altered cytokine and 
chemokine release, disrupt the equilibrium between in-
flammation and anti-inflammatory mechanisms at plaque 
sites.38 The initial step in atherogenesis involves the sub-
endothelial retention of apolipoprotein B—containing 
lipoproteins. Local biological responses to these retained 
lipoproteins, including chronic and maladaptive inflam-
matory reactions dominated by macrophage and T cells, 
contribute to subsequent lesion formation.39

F I G U R E  1   Schematic representation of the mechanisms by which lipid-lowering processes lead to a decreased production of 
atherogenic lipoproteins. Low-density lipoprotein (LDL) is the main factor in the development of atherogenesis. Important aspects include 
the entry and retention of LDL in the arterial intima, followed by modification processes that result in the accumulation of extracellular 
cholesterol and the creation of macrophage foam cells filled with cholesteryl ester droplets. Once in circulation, triglycerides are removed 
from very low-density lipoproteins (VLDL) by lipoprotein lipase (LpL) to become VLDL remnant particles and then LDL. Angiopoietin-like 
protein 3 (ANGPTL3) is a regulator of lipid metabolism by virtue of its inhibitory effect on LpL and endothelial lipase. Proprotein convertase 
subtilisin/kexin type 9 (PCSK9) fosters the degradation of LDL receptor (LDLR). Vascular smooth muscle cells (VSMCs) are capable of 
adopting various phenotypes such as those similar to foam cells or macrophages, thus influencing the disease progression. Foam cells trigger 
the production of cytokines and chemokines, leading to the further recruitment of circulating immune cells and initiating the cascade of the 
inflammatory response.
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The inflammatory nature of atherosclerosis is con-
firmed by the consequent endothelial dysfunction leading 
to a pro-adhesive and prothrombotic phenotype of endo-
thelial cells associated with disease progression.40 The role 
of shear stress in early atherogenesis is mediated mainly 
through the stimulation of intramural synthesis of mole-
cules (e.g. proteoglycans), which promotes the retention 
of lipoproteins.39 The particular sensitivity of endothelial 
cells is crucial, given their exposure to noxious stimuli. It 
is thus part of an extensive process involving several im-
munity and inflammation mediators with more severe 
consequences in the presence of elevated cholesterol. 
Within the context of atheroma formation, dysfunctional 
maintenance of lipid rafts plays a significant role. Lipid 
rafts are formed because of molecular interactions be-
tween cholesterol and sphingolipids.41 At the membrane 
level, these lipid rafts create a sensitive area by clustering 
receptors, which affects how leukocytes roll and adhere to 
the endothelium. Upon activation, resident and recruited 
proteins within lipid rafts initiate signalling cascades that 
lead to inflammation.42

Additionally, lipid rafts have been suggested to play a 
role in the production and composition of extracellular 
vesicles (EVs).43 These are a heterogeneous population of 
small phospholipid bilayer-delimited particles, devoid of 
a nucleus, released from all cell types in most biological 
fluids. While once thought to be a means of eliminating 
cellular waste, EVs are now known to play a pivotal role 
in various physiological and pathological processes. They 
are considered key players in intercellular communica-
tion owing to their ability to transport proteins, lipids and 
nucleic acids, all reflecting the state of their specific cell 
of origin.44 It is well-established that EVs are involved in 
multiple cardiovascular diseases,45 including atherosclero-
sis,46,47 heart failure, cardiomyopathies,48 and atrial fibril-
lation.49 An improved understanding of the role of lipid 
rafts has become of particular significance in the processes 
regulating vascular inflammation and holds promise in the 
prevention and treatment of ASCVD.50

A further connection between lipoproteins and in-
flammation arises from prolonged or excessive exposure 
to oxidized phospholipids, a subset of oxidation-specific 
epitopes. Oxidized phospholipids are usually carried by 
pro-atherogenic lipoprotein(a) particles. The innate and 
adaptive immune systems recognize these epitopes as 
damage-associated molecular patterns. Oxidized phos-
pholipids engage specific receptors on a variety of vascu-
lar cells, including a cluster of differentiation (CD)36 and 
other scavenger receptors, CD14, toll-like receptors, and 
oxidized LDL (oxLDL) receptor 1 (also known as LOX1), 
triggering a pro-inflammatory cascade.51

Along with toll-like receptors, scavenger receptors 
share a fundamental role in internalizing modified LDL 

particles, generally oxLDL. Within the nascent plaque, 
plaque macrophages internalize oxidized lipids through 
scavenger receptors and differentiate into foam cells.52 
Macrophages are usually subdivided into two subgroups: 
M1 macrophages (pro-inflammatory) and M2 (anti-
inflammatory). While the formation of M1 is induced by 
proinflammatory cytokines or by pathogens producing 
inflammatory cytokines (IL-1β, IL-6, IL-12, IL-23 and tu-
mour necrosis factor (TNF)-α), M2 arise from exposure 
to cytokines IL-4 and IL-13 and produce IL-10, this latter 
with anti-inflammatory properties. In early atherosclerotic 
lesions, M1 are present, and their proportion increases as 
plaques progress to more complex inflammatory lesions.

Conversely, during atherosclerosis regression, there is a 
shift in the balance between M1 and M2, with M2 becom-
ing more prominent.53 Activation of M1 primarily relies 
on anaerobic glycolysis, leading to significant metabolic 
rewiring, which is characterized by increased glucose up-
take and enhanced aerobic glycolysis. This metabolic shift 
coincides with impaired oxidative phosphorylation via the 
tricarboxylic acid cycle. In contrast, M2 exhibit a sharp in-
crease in fatty acid oxidation and oxidative phosphoryla-
tion, which is believed to contribute to anti-inflammatory 
responses.54

When oxLDL are taken up without regulation, it forms 
intracellular cholesterol crystals that can activate the 
nucleotide-binding oligomerization domain, leucine-rich 
repeat–containing receptor (NLR) family pyrin domain-
containing 3 (NLRP3).55 NLRP3 assembles a cytosolic in-
nate immune complex that activates the cysteine protease 
caspase-1, which in turn cleaves gasdermin D to induce 
pyroptosis, a regulated mode of lytic cell death.56 These 
steps favour plaque macrophages to produce a higher 
amount of IL-1β, thus amplifying the transductional path-
ways involved in inflammation.57 Pro-inflammatory sig-
nals from saturated fatty acids undergoing intracellular 
crystallization can also go through the toll-like receptors, 
particularly the isoform 4, activating an inflammatory 
cascade.58 Within this context, Yalcinkaya et al. suggested 
that transport of cholesterol between the plasma mem-
brane cholesterol and endoplasmic reticulum triggers in-
flammasome activation.59

Lymphocyte T helper 1 (Th1) cells have pro-atherogenic 
roles, and T regulatory (Treg) cells have anti-atherogenic 
roles, although the function of these latter may change 
in specific conditions.60 Immune adaptive cells can hold 
pro-inflammatory (Th1 or Th17 lymphocytes) and anti-
inflammatory (Treg lymphocytes) properties. Th1 are pres-
ent in high numbers in atherosclerotic plaques and by 
favouring the release of pro-inflammatory cytokines may 
activate macrophages, lymphocytes, and other cells in the 
plaque, thus raising the inflammatory response.61 Another 
lineage to be considered is the Th17 cells, a subset of CD4+ 
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T helper cells characterized by the production of IL-17. 
This cytokine has mixed effects on atheroma, perhaps pro-
moting inflammation and increasing fibrosis.62 Treg cells, 
which have anti-inflammatory properties, may lose these 
characteristics during atherosclerosis. Cholesterol accu-
mulation in Tregs of ASCVD patients may enhance differ-
entiation into pro-atherogenic T-cell subsets.63 Reduced 
numbers of Tregs are detected in vulnerable plaques com-
pared to stable plaques.64 Additionally, tissue-resident 
memory T cells (TRM), which are a T-cell subset, reside at 
the site of prior antigen recognition, providing protection 
against reoccurring encounters.65 Despite being a minor 
population in atherosclerotic lesions, TRM is associated 
with increased lesion stability.66

The role of B cells in atherosclerosis is complex and 
multifaceted. While some evidence suggests that B cells 
play a significant role in influencing the progression of 
atherosclerotic plaques, other studies have shown compet-
ing effects of B cell populations on plaque formation.67 In 
the context of humoral response, N-glycosylation of IgG, 
which reflects galactosylation and sialylation patterns, is 
consistently associated with the recurrence of ASCVD 
events. Alterations in the pattern of IgG glycosylation can 
modulate IgG receptor binding, directly impacting the in-
flammatory cascade.68

During the atheroma development, activated neutro-
phils degranulate to promote monocyte recruitment and 
secrete reactive oxygen species and proteases. This process 
dysregulates the endothelial cell layer, allowing LDLc to 
extravasate. As atherosclerosis progresses, neutrophils also 
secrete myeloperoxidase, which oxidize LDL particles, fur-
ther forming foam cells. In advanced atherosclerotic le-
sions, neutrophils can destabilize the plaque by secreting 
neutrophil extracellular traps (NETs), which perforate and 
lyse vascular smooth muscle cells, leading to thinning of 
the fibrous cap and the formation of vulnerable rupture-
prone plaques.69 Both observational and genetic data sup-
port the hypothesis that elevated blood neutrophil counts 
are a causal risk factor for ASCVD.70

In advanced age myeloid associated changes are gen-
erally characterized by two aspects: (a) NETosis, which is 
a major mechanism responsible for bacterial killing, but 
also for sterile inflammation such as in arterial disease,71 
and (b) epigenetic changes in neutrophils, potentially 
leading to dysfunction associated with low grade inflam-
mation, altering immune response and facilitating inflam-
matory responses.72 NETs and NETosis add an anatomical 
marker of neutrophil infiltration in atherosclerotic le-
sions. NLRP3 activation indirectly stimulates neutrophil 
recruitment and entry into plaques leading to NETosis.73

The bone marrow was originally not thought to be re-
sponsible for an enhanced inflammatory cell recruitment 
(particularly monocytes) in the arterial intima,74 but more 

recently a definite reduction of circulating haematopoi-
etic progenitor cells was encountered in patients with pe-
ripheral arterial disease.75 Clonal expansion of mutated 
haematopoietic cells, termed clonal haematopoiesis, is 
common in aging humans and leads to a raised ASCVD 
risk.76

Clonal haematopoiesis reduces the epigenetic modi-
fier enzyme ten-eleven translocation 2 (TET2) linked to 
a raised atherosclerosis risk.77 This epigenetic modifier 
is an effective intermediary in the inflammatory pattern 
of atherosclerosis and was identified in the epigenetic re-
modelling of macrophages. Through DNA methylation 
or histone modifications (e.g. methylation, acetylation, 
and lactylation), TET2 determines or switches the macro-
phage polarization via transcriptional reprogramming of 
gene expression and intracellular metabolic rewiring, thus 
representing a promising target for anti-inflammatory 
therapy in arterial disease.78 Direct clinical evaluation 
of clonal haematopoiesis of indeterminate potential may 
provide a practical approach to improve the feasibility of 
specific anti-inflammatory treatments in large number of 
cardiological patients.79

Clonal haematopoiesis, particularly in TET2 defi-
cient cells, markedly increases plaque size and NLRP3 
inflammasome-mediated IL-1β secretion.80 An explor-
atory analysis of CANTOS study showed that patients with 
haematopoiesis of indeterminate potential due to somatic 
variants in TET2 had reduced risk for MACE while tak-
ing canakinumab.81 Genetic mutations of DNA methyl-
transferase 3 alpha (DNMT3A) are of particular interest. 
DNMT3A catalyses the de novo DNA methylation of cy-
tosine, which is associated with gene silencing, whereas 
TET2 encodes a methylcytosine dioxygenase initiating a 
sequence of reactions leading to cytosine demethylation. 
Loss of Dnmt3a enhanced inflammation in macrophages 
in  vitro and generated a distinct adventitial macrophage 
population in  vivo which merges a resident macrophage 
profile with an inflammatory cytokine signature.82

Another interesting mechanism linking cholesterol 
and inflammation involves galectin-9 (gal9), a mem-
ber of β-galactoside binding proteins family expressed 
by the endothelium in inflammatory environments. 
Following high fat diet, apoE−/−, Gal9−/− mice had sig-
nificantly reduced aortic plaque burden compared to their 
ApoE−/− littermates.83

Reverse cholesterol transport (RCT), a highly antia-
therogenic process responsible for the efflux of excess 
cholesterol to apolipoprotein A-I,84 is impaired by in-
flammation which can impede several steps of the RCT 
pathways, particularly cholesterol flux through the liver 
to bile and faeces.85 Defective cholesterol efflux pro-
motes monocyte and neutrophil production in the bone 
marrow and the spleen, involving the proliferation of 
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haematopoietic stem cells and myeloid progenitor cells, 
mobilization of haematopoietic stem cells and extra-
medullary haematopoiesis.86

The high interest in high-density lipoproteins (HDL) 
functionality is witnessed, among others, by the pre-β1 
HDL paradox, where an elevated pre-β1 HDL fraction, 
generally indicative of improved RCT, associates instead 
with decreased functionality and lower cholesterol CEC in 
patients with acute coronary syndrome and elevated levels 
of hs-CRP.87

3   |   INFLAMMATION, 
IMMUNITY AND FAMILIAL 
HYPERCHOLESTEROLEMIA

Low-grade inflammation and alteration of the immune 
response are key features of ASCVD, and some clini-
cal trials have provided evidence of the benefits associ-
ated with therapeutic targeting of the immune system in 
atherosclerosis.88

Classical inflammatory markers such as hs-CRP 
are strongly associated with atherogenic dyslipidaemia 
and atherosclerosis in patients with FH and their fam-
ily members.89 FH is associated with an increased risk 
of ASCVD, which may reflect the significant impact of 
cholesterol on inflammation and the immune response. 
Such effects result from the impact of LDLc at the ath-
erosclerotic plaque level but also in the bone marrow 
compartment. Indeed, hypercholesterolemia drives in-
flammation through a direct action in cells from the 
vascular arterial wall but also in the proliferation, dif-
ferentiation, and mobilization of haematopoietic stem/
progenitor cells, leading to an expansion of immune 
cells and inflammatory response.90 A recent study pro-
posed that upregulation of the Srebp2-regulated Notch1 
signalling might orchestrate haematopoietic stem/
progenitor cell homeostasis in hypercholesterolemic 
individuals.91

Thus, LDLc concentrations in patients with FH led to 
a marked modulation of leucocyte counts characterized 
by an increased number of monocytes and lymphocytes, 
whereas that of granulocytes was reduced.92 Elevated 
count of neutrophils contributes to the development of 
atherosclerosis. However, the impact of hypercholes-
terolemia on the circulating levels of neutrophils is not 
strongly supported in humans and no data are available 
on FH patients.93

Under high-intensity cholesterol-lowering therapy, 
circulating CD4+ T lymphocytes isolated from FH pa-
tients were independently associated with coronary 
artery calcium presence.94 Beyond an elevation of the 
lymphocyte count, an increased activation of CD4+ T 

cells and an impaired Treg immunosuppressive response 
were detected in patients with FH.95 In addition, LDLR 
variants in patients with FH contributed to a defective 
CD8+ T cell activation by altering lysosomal cholesterol 
availability and activating the protein kinase mechanis-
tic target of rapamycin complex 1 (mTORC1).96 Notably, 
these effects were not observed in CD4+ T cells, high-
lighting a distinct role of cholesterol metabolism ac-
cording to T cell subpopulations. A recent study further 
emphasized the dysregulation of lymphocyte function 
upon hypercholesterolemia by demonstrating that the 
increased extracellular vesicle release originating from 
T cells was associated with immunity and endothelial 
dysfunction in patients with FH and could contribute to 
accelerated atherosclerosis.97

In FH patients, LDLc levels drive the production of 
proinflammatory monocytes enriched in lipid droplets 
by impacting haematopoiesis.92 Interestingly, treat-
ment with cholesterol-lowering therapy reverted the 
myelomonocytic skewing but not the pro-inflammatory 
and pro-migratory pathways of monocytes in the bone 
marrow.

In humans, blood monocytes are usually classi-
fied in subsets based on the expression of CD14 and 
CD16 markers (classical: CD14++CD16−, intermedi-
ate: CD14++CD16+, non-classical: CD14+CD16++) with 
specific inflammatory signatures associated with aor-
tic infiltration.98 Previous studies indicated that these 
monocyte subsets' amount and functions were modified 
in patients with FH99,100 although this alteration was 
not consistently observed.101 However, monocytes from 
hypercholesterolemic patients exhibited an increased 
expression of activation markers, including CCR2, as 
compared to monocytes from control individuals.101–103 
Exacerbated pro-inflammatory phenotype, migratory 
capacity, and lipid accumulation of circulating classi-
cal monocytes from patients with FH were dampened 
by LDLc lowering by PCSK9 monoclonal antibodies and 
statins.103 The anti-inflammatory effect of PCSK9 mono-
clonal antibodies in FH also involved the attenuated 
adhesion of leucocytes to dysfunctional arterial endo-
thelium.104 Monocytes from patients with FH displayed 
a marked regulation of genes involved in cholesterol 
metabolism and an increased oxidized or native LDL 
uptake and lipid accumulation compared to those from 
healthy individuals.105

Analysis of the circulating monocyte profile from FH 
patients by RNA sequencing revealed an enrichment of 
the immune and metabolic (oxidative phosphorylation, 
glycolysis, and amino acid synthesis) pathways as com-
pared to normocholesterolemic individuals underlying 
the trained immune phenotype of FH monocytes.101 This 
trained immunity is characterized by enhanced cytokine 
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production, a pro-inflammatory transcriptional repro-
gramming associated with persistent epigenetic changes 
of histone modifications that statin treatment did not re-
vert.101 Thus, trained immunity of monocytes might con-
tribute to the residual cardiovascular risk of patients with 
familial hypercholesterolemia treated with cholesterol-
lowering therapies.

Monocyte-derived macrophages exert a major role in 
the development of ASCVD by modulating inflamma-
tion and cholesterol homeostasis in response to elevated 
LDLc within atherosclerotic plaques. In FH, macrophages 
were characterized by an increased pro-inflammatory 
phenotype which may also be independent of LDLc 
and involved epigenetic control such as miR-505-3p.106 
However, numerous studies reported alterations between 
both lipid metabolism and the inflammatory phenotype 
of macrophages in FH. Cholesterol efflux to exogenous 
acceptors and lipoprotein lipase activity, which play an 
essential role in lipid accumulation in macrophages, were 
respectively unaltered107 or increased108 in macrophages 
from FH patients compared to those from control indi-
viduals. Interestingly, Artieda et al. described that macro-
phage from FH patients with tendon xanthomas exhibited 
a higher inflammatory phenotype and cholesterol uptake 
in the presence of oxidized LDL than those from FH pa-
tients without tendon xanthomas.109 Beyond variants 
in the LDLR gene, macrophages from patients with FH 
preserved their capacity to uptake lipids after aggregated 
LDL exposure through the LRP5 receptor, for which the 
expression was more elevated than in macrophages from 
healthy individuals. Such a mechanism alters the CD163 
expression, an anti-inflammatory marker, in macrophages 
from patients with FH.110

4   |   IMPACT OF LIPID -LOWERING 
APPROACHES TO REDUCE 
INFLAMMATION

Management of the inflammatory condition by lipid-
lowering drugs is a therapeutic strategy based on the 
knowledge that pathogenic lipids, such as lipopolysac-
charides (LPS), are incorporated into LDL, subsequently 
being cleared from the circulation by hepatocytes through 
the LDLR.111 The demonstration of a pharmacological 
therapeutic benefit of LDLc reduction in hypercholes-
terolemic patients started almost 40 years ago with the 
non-absorbable bile acid binding resins, cholestyramine, 
and colestipol, afterward partly replaced by coleseve-
lam. This drug reduced LDLc by 20%–30%, but with 
better tolerability. The LRC-CPPT (The Lipid Research 
Clinics Coronary Primary Prevention Trial) study test-
ing the efficacy of cholestyramine in 3806 patients with 

hypercholesterolemia was the first to show evidence for 
a causal role of LDLc in the pathogenesis of cardiovascu-
lar events.112 It opened the way to a large series of clinical 
investigations on this major therapeutic strategy. A ben-
eficial coronary atheroma regression was reported later in 
the CLAS (Cholesterol Lowering Atherosclerosis Study) 
trial with colestipol plus niacin.113

Studies on resins did not go far into the potential pro-
tective mechanisms other than the lipid reduction linked 
to the binding of bile acids to the resins. Bile acids exerted 
inflammatory changes by activating pro-inflammatory 
cytokine release from Kupffer cells.114 Cytokines go from 
capillaries to hepatocytes, activating the toll-like receptor 
signalling and the Ras/MEK4/7/JNK1/2 signal cascade.115 
The colesevelam HCl, which was hydrophilic, not hydro-
lysed by digestive enzymes, and not undergoing intestinal 
absorption, was effective in lowering LDLc concentrations 
in monotherapy and in combination with statins and 
fenofibrate. In patients with mild hypercholesterolemia, 
colesevelam reduced hs-CRP, however without affecting 
IL-6 and TNF-α.116

Statins are definitely associated with dramatic plasma 
LDLc lowering with concurrent ASCVD risk reduc-
tion.2,117,118 However, several cholesterol-independent 
cardioprotective mechanisms, prominent among others, 
an anti-inflammatory effect associated with significant 
reductions of hs-CRP,119 were reported (Figure 2). Statins 
inhibit the expression of adhesion molecules in endothe-
lial cells and monocytes. By regulating different oxidation 
pathways that control NADPH oxidase, myeloperoxidase, 
and endothelial nitric oxide (eNOS) activity,120 statins 
promote antioxidation and restore redox homeostasis.121 
Statins reduce NF-κB activation and chemokine and 
metalloproteinase (MMP) expression and promote the 
expression of anti-inflammatory and cytoprotective mol-
ecules in endothelium.122

The anti-inflammatory effects of statins translating 
into a reduction of plasma hs-CRP have been repeatedly 
reported. In the large JUPITER (Justification for Use of 
Statins in Prevention: An Intervention Trial Evaluating 
Rosuvastatin) cardiovascular prevention study with rosu-
vastatin, there was clear evidence of an association between 
LDLc reduction and lower hs-CRP levels.123 Further anal-
ysis of this trial showed that the lower hs-CRP levels were 
the best marker of ASCVD risk reduction in patients receiv-
ing rosuvastatin.124 A direct comparison of the cardiovas-
cular risk among patients with ASCVD on statin therapy 
participating in the PROMINENT (Pemafibrate to Reduce 
Cardiovascular OutcoMes by Reducing Triglycerides IN 
patiENts With diabeTes), the REDUCE-IT (Reduction of 
Cardiovascular Events with Icosapent Ethyl—Intervention 
Trial), or the STRENGTH (Long-Term Outcomes Study 
to Assess Statin Residual Risk with Epanova in High 
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Cardiovascular Risk Patients with Hypertriglyceridemia) 
trials, concluded for a stronger predictivity of inflamma-
tion (as assessed by hs-CRP) compared to LDLc for the 
incident of MACE. However, cardiovascular death and all-
cause death were significantly higher in participants with 
both residual cholesterol and inflammatory risk (hs-CRP 
≥2 mg/L and LDLc ≥70 mg/dL) than in participants with 
hs-CRP <2 mg/L and LDLc <70 mg/dL.15

However, a meta-regression analysis of all major tri-
als with statins showed no significant correlation be-
tween changes in hs-CRP and LDLc levels, even after 
adjustment by age, sex and intervention duration.125 
These data were in agreement with those previously 
described by Asher et al. who reported that the statin-
driven decrement in the levels of hs-CRP (which is 
roughly 60%) appears to be independent of the magni-
tude of LDLc lowering.126

As different types of statins are concerned, while the 
REAL-CAD (Randomized Evaluation of Aggressive or 
Moderate Lipid-Lowering Therapy With Pitavastatin in 
Coronary Artery Disease) trial showed a decrement in the 
levels of hs-CRP after 6 months of pitavastatin therapy,127 
no significant changes were observed with the latter in the 
RETRIEVE (Evaluating the Use of Pitavastatin to Reduce 
the Risk of Cardiovascular Disease in HIV-Infected 
Adults) trial patients.128

Additionally, even though some lipid-lowering thera-
pies lower IL-6, this inflammatory pathway and the LDLc 
are two separate causes of ASCVD. Indeed, fewer individ-
uals in the general population are exposed to high IL-6 
levels than high LDLc.129 An analysis of 397,060 White 
British UK Biobank participants without known ASCVD 
showed that any benefit of inhibiting IL-6 signalling for 

ASCVD risk reduction was proportional to the absolute 
reductions in the levels of hs-CRP.130

Ezetimibe is a cholesterol transport protein NPC1-like 
1 (NPC1L1) antagonist that inhibits intestinal cholesterol 
absorption, and it is frequently used in association with 
statins.131,132 Ezetimibe leads to incremental lowering of 
LDLc levels and improved cardiovascular outcomes (2% 
reduction of absolute risk) without signs of drug–drug 
interaction.133 Limited information is available on its po-
tential anti-inflammatory effects. Clinical studies have 
not provided homogeneous findings, mostly conducted 
in combination with statins and only a tiny number as 
monotherapy. In the SHARP (Study on the Heart and 
Renal Protection) trial in patients with chronic kidney dis-
ease,134 the combination of simvastatin and ezetimibe led 
to a 35% reduction of LDLc and a 21% reduction of hs-CRP 
compared to placebo. However, no evidence of a contribu-
tion of hs-CRP lowering to the cardiovascular benefit was 
reported.135

A pooled analysis of randomized, placebo-controlled 
ezetimibe trials in patients with hypercholesterolemia, 
showed no differences in hs-CRP.136 However, when eze-
timibe was added to baseline statin therapy, a 10% reduc-
tion of hs-CRP was observed137 (Figure 2). A similar effect 
was observed in the IMPROVE-IT trial, where simvasta-
tin plus ezetimibe resulted in a further 20% reduction of 
LDLc and 0.3 mg/L (14%) hs-CRP reduction.138 This led 
to significantly more patients meeting the targets of LDLc 
<70 mg/dL and hsCRP <2 mg/L.

Gomez-Garre et  al. conducted a mechanistic anal-
ysis of the ENHANCE (Ezetimibe and Simvastatin 
in Hypercholesterolemia Enhance Atherosclerosis 
Regression) study, which investigated the effects of 

F I G U R E  2   Schematic representation of changes in hs-CRP and LDLc driven by lipid-lowering therapies. Violin plots coloured in light 
green identify significant statistical changes. hs-CRP, high sensitivity C-Reactive protein; LDLc, low-density lipoprotein cholesterol. EZE, 
ezetimibe; PCSK9, proprotein convertase subtilisin/kexin type 9; mAB, monoclonal antibodies; ω, omega. Numbers above violin graphs 
indicate absolute changes. Numbers within parentheses represent 95% Confidence Interval (CI). Data were extrapolated from Xie S et al.125
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combining ezetimibe and simvastatin in rabbits fed a com-
bination of hyperlipidaemic diet and undergoing vascular 
injury. The combination treatment resulted in a notable 
decrease in plaque monocyte/macrophage content and 
specific proinflammatory markers.139

Some studies have also investigated statin therapy ver-
sus statins in combination with ezetimibe on endothelial 
function as a measure of vascular inflammation, with 
inconstant findings.140 Two cross-over studies evaluating 
molecular mechanisms reached discordant conclusions. 
One showed an unchanged endothelial function with the 
addition of ezetimibe to statin alone,141 and the other re-
ported a protective activity on ischemia/reperfusion in-
jury based on an anti-oxidant mechanism.142 Ezetimibe 
can thus provide an additive effect to statins on LDLc and 
arterial inflammation.

No changes in systemic inflammatory markers were re-
ported in the cardiovascular outcome trials with monoclo-
nal PCSK9 inhibitors (Figure 2). The decrease in hs-CRP 
does not parallel the robust LDLc reduction obtained by 
inhibiting PCSK9.125 On the contrary, numerous preclini-
cal and in vivo reports have described a feed-forward loop 
between PCSK9 and inflammation.143 Prominent in this 
field was the study by Bernelot Moens et al. demonstrating 
that monocytes of FH patients had a pro-inflammatory 
phenotype, which was dampened by LDLc lowering after 
the therapy with PCSK9 monoclonal antibodies.103 More 
recently, in a small study on 41 subjects with ASCVD and 
type 2 diabetes and LDLc >70 mg/dL, evolocumab mod-
ulated circulating immune cell transcriptional responses 
to stress. Indeed, to unmask functional differences in cir-
culating immune cells, RNA-seq analysis was performed 
on immune cells stimulated with LPS and compared 
to naïve immune cells of patients treated or not with 
evolocumab.144

Additionally, in 645 patients undergoing carotid end-
arterectomy, PCSK9 inhibitors led to a beneficial remod-
elling of the inflammatory burden within the human 
atheroma, an effect possibly or partly independent of their 
ability to lower LDLc.145 Overall, it seems that PCSK9 
inhibition hold promises in atherosclerotic plaque re-
modelling, acute coronary syndrome, inflammation, and 
immune response.146

A new addition to the therapeutic resources for the 
treatment of elevated cholesterol, mainly addressed to 
statin-intolerant patients, was provided by bempedoic 
acid, an inhibitor of ATP-citrate lyase (ACLY), an enzyme 
responsible for producing extra-mitochondrial acetyl-
CoA. Cholesterol-lowering with bempedoic acid requires 
the conversion of the pro-drug to the active compound. 
A specific isozyme mediates this, the very long-chain 
acyl-CoA synthetase-1, which resides exclusively in the 
liver, thus sparing the disturbing side effects of statins.147 

Regarding the relationship between LDLc and inflam-
mation, the fixed-dose combination of bempedoic acid/
ezetimibe led to a 35.1% reduction in hs-CRP levels. In 
comparison, the placebo group (receiving simvastatin 
alone) experienced a decrease of 21.6%, while the group 
receiving ezetimibe alone showed an 8.2% reduction.148 
This anti-inflammatory action is supposedly associated 
with AMP-activated protein kinase (AMPK) activation, 
which translates into the suppression of the anabolic 
events in immune cells and restriction of energy avail-
ability for protein biosynthesis leading to the switch of 
macrophages toward an anti-inflammatory profile.149 
Additionally, targeting ACLY in macrophages can atten-
uate inflammatory responses and decrease atherosclerotic 
plaque vulnerability.150

Pooled data from four phase 3 trials concluded that 
bempedoic acid significantly reduced hs-CRP irrespec-
tive of background statin therapy (Figure 2). This effect 
was largely independent of changes in LDLc.151 The 
CLEAR Outcome (Evaluation of Major Cardiovascular 
Events in Participants With, or at High Risk for, 
Cardiovascular Disease Who Are Statin Intolerant 
Treated With Bempedoic Acid (ETC-1002) or Placebo) 
study further showed the superiority of bempedoic acid 
to reduce hs-CRP (−21.6%) and LDLc (−21.1%) com-
pared to placebo at 6 months. As baseline hs-CRP levels 
were significantly associated with the primary compos-
ite endpoint of MACE, cardiovascular mortality, and 
all-cause mortality irrespective of LDLc, these findings 
reinforce the hypothesis that inflammation mediates po-
tentially catastrophic events.16

A drug with a highly restricted indication is lomi-
tapide. This molecule is a potent inhibitor of the micro-
somal transfer protein (MTP) and has entered clinical use 
in treating HoFH. Long-term, extensive studies, albeit in 
small patient series, showed remarkable and sustained 
LDLc reductions of roughly −50%.152 However, limited 
attention was given to inflammatory markers. A long-
term study evaluating LDLc reductions noted a dramatic 
progressive reduction of hs-CRP (i.e. 60% from baseline 
to week 246).153 A similar decrease was observed in an 
Italian study after 6 months of lomitapide treatment, de-
scribing additional lowering of TNF-α (48%), IL-13 (70%) 
and IL-7 (31%). An increase of IFN-γ (71%) and of the 
anti-inflammatory cytokines IL-18 (41%), IL-17 (44%), and 
IFN-γ (71%) was also described.154

Among lipid-lowering drugs specifically effective in 
FH, evinacumab, a potent inhibitor of the angiopoietin-
like-3 (ANGPTL3) system, was associated with ro-
bust LDLc reductions in FH patients. The ELIPSE 
HoFH (Efficacy and Safety of Evinacumab in Patients 
With Homozygous Familial Hypercholesterolemia) 
trial showed that evinacumab, a monoclonal antibody 
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antagonist of ANGPTL3, when given to HoFH pa-
tients, resulted in a between-group LDLc difference of 
−49% compared to placebo.155 In an open-label exten-
sion study, the efficacy of evinacumab was confirmed. 
Patients with HoFH who received evinacumab every 
4 weeks had a 46.3% reduction in LDLc, an effect which 
was maintained throughout the 48-week of the open-
label treatment period.156 Among the key-secondary 
endpoints, long-term evinacumab, when used alongside 
other lipid-lowering therapies, including lipoprotein 
apheresis, improved cardiovascular event-free survival 
of patients with HoFH.157

The mechanism of LDLc reduction with evinacumab 
is still unclear, most unlikely related to LDLR residual ac-
tivity but driven by an increased apoB-containing lipopro-
tein clearance.158 However, the activity of evinacumab on 
the inflammatory pathway was found to be of potential 
benefit. ANGPTL3 showed a pro-inflammatory and pro-
angiogenic profile with a negative effect on cholesterol 
efflux,159 a finding attributed to endothelial lipase's and 
lipoprotein lipase's local rise. In  vitro studies on THP-1 
monocytes showed that ANGPTL3 increased the produc-
tion of IL-1β and TNF-α as well as the expression of toll-
like receptor 4.160 A variable reduction of hs-CRP (with a 
mean of 9%) was reported in a small series of Italian HoFH 
patients, associated to a mean 46.8% LDLc reduction.161 
If confirmed in larger studies, these anti-inflammatory 
mechanisms may positively affect cardiovascular risk be-
yond those associated with lipid-lowering.

Probucol is a bisphenol compound synthesized as an 
antioxidant in a manufacturing plant and unexpectedly 
found to exert a cholesterol-lowering activity. Probucol 
is associated with a stimulated cholesterol ester transfer 
protein (CETP) activity and reduced HDLc.162 In many 
clinical studies, probucol was positively associated with 
ASCVD prevention.163 The significant HDLc-lowering ac-
tivity was attributed to CETP stimulation, leading to an 
improved cholesterol efflux capacity, resulting in regres-
sion of tendon xanthomas in humans.164 These studies 
led to a reduction in restenosis incidence after angioplasty 
after long-term administration.165

The activity of probucol on atherosclerosis progression 
and vascular inflammation was described in preclinical 
studies. An early study on the WHHL rabbit (an animal 
model of FH) established reduced atherosclerosis pro-
gression. In this model, probucol lowered coronary ath-
erosclerosis and MI and delayed death from heart failure, 
also increasing lifespan.166 In a model of apoE−/− mice, 
probucol reduced plaque area with fewer inflammatory 
macrophages within the lesion and a reduced expression 
of the vascular cell adhesion molecule 1.167 In vitro stud-
ies on vascular cells showed that probucol reduced the 
inflammatory process by decreasing the production and 

activity of matrix MMP-2 and-9 and raising the expression 
of miR-47.168

In the context of CETP modulation,169 data from 
the BROADWAY (NCT05142722) and BROOKLYN 
(NCT05425745) studies with obicetrapib (a selective inhib-
itor of CEPT) are awaited. These are placebo-controlled, 
double-blind, randomized Phase III trials designed to ex-
amine the efficacy, safety, and tolerability of obicetrapib as 
an adjunct to dietary intervention and maximally tolerated 
lipid-modifying therapies in participants with a history of 
ASCVD and/or underlying HeFH whose LDLc is not ade-
quately controlled. Changes in hs-CRP will be also evalu-
ated.170 Furthermore, the PREVAIL trial is a further study 
designed to assess the potential of obicetrapib to reduce 
occurrences of MACE in patients with a history of ASCVD 
who do not have adequate LDLc control despite being on 
maximally tolerated statin therapies.171

Somewhat less evaluated pathways leading to vascular 
disease, particularly vascular calcification, are those me-
diated by the bromo-and extraterminal (BET) proteins. 
Bromodomains are protein interaction modules specifi-
cally recognizing ε-N-lysine acetylation motifs, key events 
in the reading process of epigenetic marks.172 Apobetalone 
is a bromodomain and extra terminal protein inhibitor tar-
geting BRD2 and is hypothesized to have favourable effects 
on pathways related to atherothrombosis. Although a large 
phase 3 study173 did not show the superiority of apobe-
latalone compared to control to reduce MACE, the latter 
reduced vascular inflammation, in particular, lowering ad-
hesion molecules, cytokines, and MMPs.174 Later studies 
also indicated potentially significant adverse effects of this 
drug (e.g. raised liver enzymes).175

5   |   LDL-APHERESIS IN FH AND 
ITS ROLE IN INFLAMMATION

Lipoprotein apheresis is currently recommended for 
treating the most severe and resistant forms of HeFH 
and HoFH.176 In HoFH, lipoprotein apheresis is gener-
ally associated with drug treatment and has represented 
the standard of care.177,178 Lipoprotein apheresis initiated 
during childhood and adolescence is associated with re-
duced risk of ASCVD and death.179 However, data from 
the largest worldwide database on HoFH show that 
barely 30% of HoFH subjects are treated with lipoprotein 
apheresis.21 Lipoprotein apheresis results in a significant 
reduction of LDLc, ranging from 50% to 80% in one ses-
sion.180 However, as a result of both enhanced synthesis 
and reduced hepatic clearance of LDL particles, the LDLc 
returns to baseline within 1 to 2 weeks, so time-averaged 
LDLc reduction is around 40%, in line with a modestly po-
tent statin.177 Lipoprotein apheresis has some pleiotropic 
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effects, such as an anti-inflammatory activity and acting 
favourably on oxidative stress and rheology, thus slowing 
the atherosclerotic process.

Circulating inflammatory biomarkers have been eval-
uated in FH patients treated with lipoprotein apheresis, 
and studies showed a slight but significant reduction in 
hs-CRP.181 Reduced concentrations of adhesion mol-
ecules, such as the monocyte chemoattractant protein 
(MCP-1) and P-selectin182,183 were also found after lipo-
protein apheresis sessions. More recently, the soluble 
activated leukocyte cell adhesion molecule, considered a 
homologue of the HDL receptor, was shown to be posi-
tively affected by lipoprotein apheresis.184 Finally, a reduc-
tion of circulating inflammatory cytokines such as TNF-α, 
IL-1β and CD-14 and in the relative expression of miRNA 
for IL-1α, IL-6, and TNF-α was reported after two sessions 
of lipoprotein apheresis in FH subjects.185 Another study 
that focused on MMP-9 and the tissue inhibitor (TIMP-
1) did not confirm this beneficial activity of lipoprotein 
apheresis. These two cytokines increased and decreased 
in HoFH patients compared to HeFH and non-FH con-
trols, resulting in a high MMP9/TIMP-1 ratio. Lipoprotein 
apheresis did not influence the short-term expression of 
these markers.186

The anti-inflammatory effect of lipoprotein apheresis 
improved coronary microcirculation and inflammation of 
the arterial wall.187 This latter was evaluated before and 
after lipoprotein apheresis by an (18)F-fluorodeoxyglucose 
positron emission tomography ((18)FDG-PET) imaging 
technique. The target-to-background of FDG uptake in the 
arterial wall, a measure of arterial wall inflammation, was 
higher in FH subjects and correlated to LDLc levels, despite 
statin treatment. Together with the expected reduction of 
LDLc, lipoprotein apheresis significantly reduced target-to-
background on follow-up FDG-PET imaging.188

6   |   LIPOPROTEIN(a) AND 
INFLAMMATION

Lipoprotein(a) is the most diverse of the lipoproteins, 
consisting of a LDL-like particle with one molecule of 
apolipoprotein (apo)B-100 covalently bound to apo(a), a 
glycoprotein with repeated “kringle” structures reminis-
cent of Scandinavian pastries. This lipoprotein is highly 
genetically controlled, with about 90% of its concentration 
being heritable. This lipoprotein consists of not only the 
mass of apoB and apo(a) but also the mass of carbohy-
drates on apo(a), as well as cholesterol, cholesterol esters, 
and phospholipids.189 While we await the results of trials 
on the cardiovascular benefits of lowering lipoprotein(a) 
levels,190 in the last decade epidemiological and genetic 
studies have highlighted a link between ASCVD risk 

and elevated lipoprotein(a) levels. Inflammation and 
lipoprotein(a) are closely connected; the phosphocho-
line containing oxidized phospholipids associated with 
the apo(a) moiety of lipoprotein(a) increases arterial wall 
inflammation by activating monocytes and endothelial 
cells, contributing to its atherogenicity. Additionally, 
lipoprotein(a) has an IL-6 response element and is el-
evated in acute and chronic inflammatory diseases 
like sepsis and rheumatoid arthritis, further increasing 
inflammation-driven ASCVD risk.191

In patients with FH, lipoprotein(a) concentrations 
above 30 mg/dL contribute to an increased risk of ASCVD. 
Epidemiological studies have reported that about one-
third of FH patients have elevated levels of lipoprotein(a), 
defined as >50 mg/dL, and around 5% have levels above 
100 mg/dL, compared to 2.6% in non-FH hypercholester-
olemic patients.192 Overall, elevated lipoprotein(a) in FH 
creates a unique situation where two genetically deter-
mined proatherogenic factors contribute to lifelong ath-
erosclerotic cardiovascular risk burden.

Taking advantage of this knowledge, testing for ele-
vated lipoprotein(a) during FH cascade screening helps 
identify relatives with high lipoprotein(a) and heightened 
risk of ASCVD, especially when the proband has both 
FH and elevated lipoprotein(a). However, it is important 
to note that FH does not cause elevated lipoprotein(a), 
rather, elevated lipoprotein(a) increases the likelihood of 
clinical recognition of genetic FH.193

7   |   TRIGLYCERIDE-RICH 
LIPOPROTEINS AND 
INFLAMMATION

Beyond just LDLc and FH, the atherogenicity nature of 
remnant cholesterol, also known as triglyceride-rich li-
poproteins (TRL), cannot be overlooked. Strong and in-
creasing evidence from epidemiologic and genetic studies 
indicates that TRL and their remnants are causally re-
lated to the risk of ASCVD.194–196 Remnant cholesterol 
refers to the cholesterol content in apolipoprotein (apo) 
B-containing lipoproteins that are not part of LDLc (i.e. it 
equals total cholesterol minus LDLc minus high-density 
lipoprotein (HDL) cholesterol or can be directly meas-
ured). The intestine and liver release chylomicrons and 
very-low density lipoproteins into the bloodstream, which 
then undergo lipolysis and rapid remnant removal to en-
sure a steady supply of triglycerides, especially during pe-
riods of food scarcity.197 Lipoprotein lipase is the crucial 
enzyme in the intravascular hydrolysis of triglycerides in 
circulating TRLs, facilitating the release of fatty acids to 
be stored in adipose tissue or used as an energy source by 
muscles. Although there is no evidence that triglycerides 
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directly cause atherogenic effects, free fatty acids released 
during the lipolysis of TRLs (in the subendothelial space 
or at the endothelial surface) can have proinflammatory 
effects on endothelial cells and monocyte-derived mac-
rophages.198 This is particularly true for saturated fatty 
acids, but not for polyunsaturated forms (e.g. ω-3 free 
fatty acids). Fatty acids metabolism is highly complex 
because these molecules are precursors to metabolites 
that are both proinflammatory (prostaglandins and leu-
kotrienes) and anti-inflammatory (resolvins, protectins 
and maresins), while others are involved in intracellu-
lar signalling pathways and various other functions (e.g. 
regulating membrane fluidity and serving as ligands for 
nuclear receptors).199 Free fatty acids activate NF-κB and 
cytokine expression in macrophages via toll-like receptor 
4 signalling.200 Additionally, saturated fatty acids, similar 
to cholesterol, can cause intracellular crystallization and 
subsequent lysosomal dysfunction, activating the NLRP3 
inflammasome.58

Foam cells loaded with lipids and smooth muscle cells 
in lesions, which are rich sources of lipoprotein lipase, en-
hance endothelial activation and permeability. Lipoprotein 
lipase in arterial macrophages may also directly promote 
atherogenesis. Unlike LDL particles, remnants (<70 nm 
in diameter, which excludes most newly secreted, non-
lipolysed chylomicrons and very large very-low density 
lipoproteins) can penetrate the arterial wall by transcyto-
sis and be retained in the arterial intima without modifi-
cations.201 Apolipoprotein B in remnants further aids in 
binding these remnants to the extracellular arterial proteo-
glycans. Once remnants are trapped in the arterial intima, 
cholesterol accumulation in the extracellular space triggers 
inflammation. The hydrolysis of triglycerides in remnants 
produces free fatty acids and monoacylglycerol, both of 
which can cause inflammation at the endothelial surface 
and within the intima. These inflammatory responses ac-
celerate the progression of atherosclerosis.202

Epidemiological studies have shown that TRL and in-
flammation can be partner in crime, increasing the risk 
of ASCDV. Data from Copenhagen General Population 
Study203 and Multi-Ethnic Study of Atherosclerosis204 
highlight the harmful effects of having both high levels of 
TRL and low-grade inflammation. Additionally, data from 
the Brazilian Longitudinal Study of Adult Health support 
the hypothesis that TRLs, particularly medium and larger 
sub-particles, may induce a low-grade inflammatory envi-
ronment involving leukocyte activation, which is detected 
by GlycA, but not hs-CRP.205

The PESA study results indicated that among individu-
als with low to moderate cardiovascular risk but with tri-
glycerides >150 mg/dL experienced a significant increase 
in risk of developing subclinical atherosclerosis and in 
the number of affected noncoronary vascular territories. 

Both arterial inflammation and the number of inflamed 
plaques (measured by fluorine-18 fluorodeoxyglucose up-
take on positron emission tomography) rose with increas-
ing triglycerides levels.206

Nevertheless, our comprehension of the links between 
TRL and ASCVD risk remains limited due to scarcity of 
conclusive evidence from randomized, blinded, placebo-
controlled trials demonstrating that lowering triglycerides 
specifically reduces ASCVD events, especially when 
statins are given as background. The main triglyceride-
lowering medications available are fibrates and fish oil 
products containing eicosapentaenoic acid (EPA) or a 
combination of EPA and docosahexaenoic acid (DHA).

The interest in the dietary management of hypercholes-
terolemia and the possible associated anti-inflammatory 
benefits has led to extensive studies with unsaturated fatty 
acids, particularly of the n-3 series.207 Higher intakes of 
ω-3 polyunsaturated fatty acids (n3 PUFAs), principally 
eicosapentaenoic acid (EPA, C20:5) and docosahexaenoic 
acid (DHA, C22:6), have been linked with better health 
outcomes across many systems.208

In this context, two cardiovascular outcome trials, 
the STRENGTH with EPA + DHA, and the REDUCE-IT 
with a purified form of EPA (Icosapent Ethyl) showed 
contrasting findings. While the former had neutral car-
diovascular benefit, the latter proved a cardiovascular 
beneficial activity of EPA with a relative risk reduction of 
25% (for the primary endpoint), 26% for the key secondary 
endpoint, and 32% for total ischemic events. The benefit 
began early in the study and persisted across prespecified 
interim analyses through the final analysis.209 Relative to 
the inflammatory parameters, at 24 months, the Icosapent 
Ethyl reduced hs-CRP by 13.9% (from baseline) with min-
imal or no changes in IL-6 and IL-1 β.210 However, when 
compared with other trials centred around the major in-
flammatory IL-1β/IL-6/hs-CRP pathway, these findings 
indicate the REDUCE-IT population was overall less in-
flamed to begin with.211

Trying to explain the above-described results, Sherret 
et al. showed how EPA was superior to DHA in counteract-
ing the oxidation of small dense LDL and very low-density 
lipoprotein particles.212 After 72 hours, EPA significantly 
inhibited membrane oxidation by 89% compared with ve-
hicle, whereas DHA had a less effective inhibitory effect 
on oxidation.

The ω-3 FAs may lower ASCVD risk through several 
pleiotropic mechanisms (e.g. by lowering blood pressure, 
mediating antithrombotic effects, providing precursors 
for the synthesis of specialized pro-resolving mediators 
that can inhibit inflammation or modulating the lipid 
rafts enriched in cholesterol and sphingolipids). High lev-
els of EPA and DHA had the potential of reducing or an-
tagonizing platelet reactivity, alleviating oxidative stress 
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and reducing biomarkers of chronic inflammation such as 
CRP and TNF-α.213 The conversion of membrane FAs to 
active molecules regulating inflammatory processes is of 
particular significance in the case of ω-3 FAs. These may 
enter the cell membranes at the expense of arachidonic 
acid, resulting in inhibited arachidonic acid metabolism 
and consequent decreased expression of the cyclooxygen-
ase gene and, as a final consequence, reduction of arachi-
donic acid-derived inflammatory eicosanoids. EPA and 
DHA affect the membrane structure differently due to 
differences in hydrocarbon length and number of double 
bonds. The longer hydrocarbon length and higher num-
ber of double bonds for DHA lead to increased membrane 
fluidity and promotion of cholesterol domains. EPA has 
a more stable and extended structure that contributes to 
membrane stability and reduces lipid oxidation and cho-
lesterol domain formation.214 In endothelial cells, EPA 
increases the expression of proteins involved in NO pro-
duction, including hemeoxygenase-1 and dimethylargi-
nine dimethylaminohydrolase-1, and proteins associated 
with neutrophil degranulation. Additionally, EPA reverts 
the endothelial NO synthase uncoupling induced by IL-6 
as evidenced by an increased215 peroxynitrite release 
ratio.216

Another possible anti-inflammatory activity driven by 
ω-3 FAs involves the so-called pro-resolving lipid media-
tors, resolvins (short for resolution phase interaction prod-
ucts), produced from EPA (E-series) and DHA (D-series) 
and protectins and maresins (short for macrophage media-
tors in resolving inflammation) from DHA.217

Interestingly, supplementation with ω-3 fatty acid 
ethyl ester improves postprandial lipemia in FH patients 
receiving standard care.218 Indeed, postprandial dyslipo-
proteinemia can be present in FH, as a consequence of the 
overproduction and decreased catabolism of TRLs, which 
may be a consequence of LDL receptor deficiency.219 
Postprandial hypertriglyceridemia reflects prolonged ac-
cumulation of TRLs, including VLDL-apolipoprotein B 
(apoB)-100 and apoB-48-containing chylomicrons and 
their remnants in the circulation.

Regarding fibrates (PPARα agonist), the current guide-
lines from European Society of Cardiology (ESC) and 
European Atherosclerosis Society (EAS), which were pub-
lished before PROMINENT (The Pemafibrate to Reduce 
Cardiovascular Outcomes by Reducing Triglycerides in 
Patients with Diabetes) study, suggest with a class of rec-
ommendation IIb and level C evidence that fenofibrate 
or bezafibrate may be considered in combination with 
statins for high-risk patients who have reached their LDLc 
goal but have triglycerides levels >2.3 mmol/L (>200 mg/
dL).220 These recommendations will probably be reviewed 
to class III for ASCVD prevention after the negative re-
sults of PROMINENT.221 In terms of the effect of fibrates 

on the circulating CRP levels, they exert only a marginal 
and non-significant reduction.125 Despite this, fenofibrate 
improves vascular endothelial function by reducing ox-
idative stress and increasing in eNOS.222 Additionally, 
fenofibrate slows the progression of microvascular com-
plications of patients with diabetes, including reducing 
nonfatal coronary events, decreasing need for laser treat-
ment of diabetic retinopathy, and delaying the progression 
of diabetic nephropathy.223

8   |   CONCLUSIONS

The role played by local and systemic inflammation in 
atherosclerosis development is well established. Indeed, 
atherosclerosis is a chronic inflammatory disease wherein 
dysregulation and activation of the innate and adaptive 
immune systems in the context of endothelial dysfunc-
tion promote aberrant LDLc uptake, oxidation, and accu-
mulation, in turn inciting plaque development. However, 
since this is not a competition between LDLc and inflam-
mation,224 once a patient reaches the LDLc target, a bio-
marker to assess the presence of residual inflammatory 
risk should be used instead.225

Weight loss, smoking cessation, and physical activity 
have been shown to reduce hs-CRP and ASCVD events. 
Colchicine is an alternative recommended in guidelines 
and approved for ASCVD reduction.226

Possibly the beneficial effects of GLP-1 receptor ago-
nists are in part mediated by anti-inflammatory mech-
anisms in people with type 2 diabetes and excess body 
weight. Indeed, these agonists can suppress endothelial 
dysfunction and inflammation, reduce monocyte recruit-
ment and foam cell formation, as well as decrease plaque 
development and thrombosis.227

In the meantime, one can wait for the results of fur-
ther trials targeting the inflammatory burden, for ex-
amples, the ZEUS (A Research Study to Look at How 
Ziltivekimab Works Compared to Placebo in People With 
Cardiovascular Disease, Chronic Kidney Disease and 
Inflammation) trial aimed at evaluating the impact of IL-6 
inhibition in patients with ASCVD and elevated inflam-
matory burden or the CLEAR SYNERGY (Colchicine and 
Spironolactone in Patients With Myocardial Infarction/
Synergy Stent Registry) aimed at assessing the effects of 
low-dose colchicine and spironolactone in largely unse-
lected post-MI patients who undergo percutaneous coro-
nary intervention.

IL, interleukin.

AUTHOR CONTRIBUTIONS
AG, CS and MR conceived the hypothesis, wrote the origi-
nal text, and revised the final version. IS created the two 

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



14 of 21  |      GALLO et al.

illustrations and assisted in addressing the reviewers' 
comments. WLG wrote the section relative to inflamma-
tion and FH and critically revised the entire text. RDS, AC 
and SC revised the text.

ACKNOWLEDGEMENTS
RDS receives a scholarship from Conselho Nacional de 
Pesquisa e Desenvolvimento Tecnológico, Brazil, (CNPq) 
#303771/2023-2. This work was partially funded by the 
Italian Ministry of University and Research (grant num-
bers 2022ZPS49L to MR and SC and 2022ZW3M8H to AC), 
European Union—Next Generation EU, Italian National 
Recovery and Resilience Plan, (Mission 4, Component 
2, Investment 1.5 “Innovation Ecosystems”), and project 
MUSA (to SC and MR). Open access publishing facilitated 
by Universita degli Studi di Milano, as part of the Wiley - 
CRUI-CARE agreement.

CONFLICT OF INTEREST STATEMENT
RDS has received honoraria related to consulting, re-
search, and or speaker activities from Amryt, Amgen, 
Aché, Biolab, Esperion, Eli-Lilly, Kowa, Libbs, Novo-
Nordisk, Novartis, PTC Therapeutics, and Sanofi/
Regeneron. AC received consulting fees and lecture fees 
from Algorithm, Amarin, Amgen, DOC, Fidia, Novartis, 
Recordati Spa, Sanofi, Servier, and Viatris and grant sup-
port from Daiichi-Sankyo. MR received fees from Alpha 
Sigma and Bruno Farmaceutici and a research grant from 
Daiichi-Sankyo Europe.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data 
were created or analysed in this study.

ORCID
Massimiliano Ruscica   https://orcid.
org/0000-0002-0195-7061 

REFERENCES
	 1.	 Randomised trial of cholesterol lowering in 4444 patients with 

coronary heart disease: the Scandinavian simvastatin survival 
study (4S). Lancet. 1994;344(8934):1383-1389.

	 2.	 Cholesterol Treatment Trialists' (CTT) Collaboration, Fulcher 
J, O'Connell R, et  al. Efficacy and safety of LDL-lowering 
therapy among men and women: meta-analysis of individual 
data from 174,000 participants in 27 randomised trials. Lancet. 
2015;385(9976):1397-1405.

	 3.	 Kaasenbrood L, Boekholdt SM, van der Graaf Y, et  al. 
Distribution of estimated 10-year risk of recurrent vascular 
events and residual risk in a secondary prevention population. 
Circulation. 2016;134(19):1419-1429.

	 4.	 Lawler PR, Bhatt DL, Godoy LC, et al. Targeting cardiovascu-
lar inflammation: next steps in clinical translation. Eur Heart J. 
2021;42(1):113-131.

	 5.	 Fernandez-Friera L, Fuster V, Lopez-Melgar B, et  al. Normal 
LDL-Cholesterol Levels are associated with subclinical ath-
erosclerosis in the absence of risk factors. J Am Coll Cardiol. 
2017;70(24):2979-2991.

	 6.	 Ference BA, Braunwald E, Catapano AL. The LDL cumulative 
exposure hypothesis: evidence and practical applications. Nat 
Rev Cardiol. 2024;21:701-716.

	 7.	 Libby P, Smith R, Rubin EJ, Glassberg MK, Farkouh ME, 
Rosenson RS. Inflammation unites diverse acute and chronic 
diseases. Eur J Clin Investig. 2024;e14280. doi:10.1111/
eci.14280

	 8.	 Matter MA, Paneni F, Libby P, et  al. Inflammation in acute 
myocardial infarction: the good, the bad and the ugly. Eur Heart 
J. 2024;45(2):89-103.

	 9.	 Ridker PM, Everett BM, Thuren T, et  al. Antiinflammatory 
therapy with Canakinumab for atherosclerotic disease. N Engl 
J Med. 2017;377(12):1119-1131.

	10.	 Tardif JC, Kouz S, Waters DD, et  al. Efficacy and safety of 
low-dose colchicine after myocardial infarction. N Engl J Med. 
2019;381(26):2497-2505.

	11.	 Byrne RA, Rossello X, Coughlan JJ, et al. 2023 ESC guidelines 
for the management of acute coronary syndromes. Eur Heart J 
Acute Cardiovasc Care. 2024;13(1):55-161.

	12.	 Yu M, Yang Y, Dong SL, et al. Effect of colchicine on coronary 
plaque stability in acute coronary syndrome as assessed by op-
tical coherence tomography: the COLOCT randomized clinical 
trial. Circulation. 2024;150:981-993.

	13.	 Psaltis PJ, Nguyen MT, Singh K, et al. Optical coherence tomog-
raphy assessment of the impact of colchicine on non-culprit 
coronary plaque composition after myocardial infarction. 
Cardiovasc Res. 2024;cvae191. doi:10.1093/cvr/cvae191

	14.	 Held C, White HD, Stewart RAH, et al. Inflammatory biomark-
ers interleukin-6 and C-reactive protein and outcomes in stable 
coronary heart disease: experiences from the STABILITY (sta-
bilization of atherosclerotic plaque by initiation of darapladib 
therapy). Trial J Am Heart Assoc. 2017;6(10):e005077.

	15.	 Ridker PM, Bhatt DL, Pradhan AD, et  al. Inflammation and 
cholesterol as predictors of cardiovascular events among pa-
tients receiving statin therapy: a collaborative analysis of three 
randomised trials. Lancet. 2023;401(10384):1293-1301.

	16.	 Ridker PM, Lei L, Louie MJ, et al. Inflammation and Cholesterol 
as predictors of cardiovascular events among 13 970 contem-
porary high-risk patients with statin intolerance. Circulation. 
2024;149(1):28-35.

	17.	 Burger PM, Pradhan AD, Dorresteijn JAN, et al. C-reactive pro-
tein and risk of cardiovascular events and mortality in patients 
with various cardiovascular disease locations. Am J Cardiol. 
2023;197:13-23.

	18.	 Zhou F, Hua Y, Ji X, Jia L. A systemic review into carotid plaque 
features as predictors of restenosis after carotid endarterec-
tomy. J Vasc Surg. 2021;73(6):2179-2188.

	19.	 Kraaijenhof JM. Plasma C-reactive protein is associated 
with a pro-inflammatory and adverse plaque phenotype. 
Atherosclerosis. 2024;396:118532.

	20.	 Montecucco F, Carbone F, Liberale L, Sahebkar A. Challenges 
in reducing atherosclerotic inflammation in patients 
with familial hypercholesterolemia. Eur J Prev Cardiol. 
2020;27(19):2099-2101.

	21.	 Cuchel M, Raal FJ, Hegele RA, et al. 2023 update on European 
atherosclerosis society consensus statement on homozygous 

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-0195-7061
https://orcid.org/0000-0002-0195-7061
https://orcid.org/0000-0002-0195-7061
https://doi.org//10.1111/eci.14280
https://doi.org//10.1111/eci.14280
https://doi.org//10.1093/cvr/cvae191


      |  15 of 21GALLO et al.

familial Hypercholesterolaemia: new treatments and clinical 
guidance. Eur Heart J. 2023;44(25):2277-2291.

	22.	 Hu P, Dharmayat KI, Stevens CAT, et al. Prevalence of familial 
hypercholesterolemia among the general population and pa-
tients with atherosclerotic cardiovascular disease: a systematic 
review and meta-analysis. Circulation. 2020;141(22):1742-1759.

	23.	 Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. 
Worldwide prevalence of familial hypercholesterolemia: 
meta-analyses of 11 million subjects. J Am Coll Cardiol. 
2020;75(20):2553-2566.

	24.	 Collaboration EASFHS. Global perspective of familial hyper-
cholesterolaemia: a cross-sectional study from the EAS familial 
Hypercholesterolaemia studies collaboration (FHSC). Lancet. 
2021;398(10312):1713-1725.

	25.	 Defesche JC, Gidding SS, Harada-Shiba M, Hegele RA, Santos 
RD, Wierzbicki AS. Familial hypercholesterolaemia. Nat Rev 
Dis Prim. 2017;3:17093.

	26.	 Hegele RA, Boren J, Ginsberg HN, et al. Rare dyslipidaemias, 
from phenotype to genotype to management: a European ath-
erosclerosis society task force consensus statement. Lancet 
Diabetes Endocrinols. 2020;8(1):50-67.

	27.	 D'Erasmo L, Di Costanzo A, Arca M. Autosomal recessive 
hypercholesterolemia: update for 2020. Curr Opin Lipidol. 
2020;31(2):56-61.

	28.	 Chaudhry A, Trinder M, Vesely K, et al. Genetic identification 
of homozygous familial hypercholesterolemia by long-read 
sequencing among patients with clinically diagnosed hetero-
zygous familial hypercholesterolemia. Circ Genom Precis Med. 
2023;16(2):e003887.

	29.	 Tada H, Kaneko H, Suzuki Y, et al. Familial hypercholesterol-
emia is related to cardiovascular disease, heart failure and atrial 
fibrillation. Results from a population-based study. Eur J Clin 
Investig. 2024;54(2):e14119.

	30.	 Mszar R, Grandhi GR, Valero-Elizondo J, et al. Absence of cor-
onary artery calcification in middle-aged familial hypercho-
lesterolemia patients without atherosclerotic cardiovascular 
disease. JACC Cardiovasc Imaging. 2020;13(4):1090-1092.

	31.	 Nasir K, Mszar R, Cainzos-Achirica M, et al. Age- and sex-based 
heterogeneity in coronary artery plaque presence and burden 
in familial hypercholesterolemia: a multi-national study. Am J 
Prev Cardiol. 2024;17:100611.

	32.	 Brautbar A, Leary E, Rasmussen K, Wilson DP, Steiner RD, 
Virani S. Genetics of familial hypercholesterolemia. Curr 
Atheroscler Rep. 2015;17(4):491.

	33.	 Mulder J, Tromp TR, Al-Khnifsawi M, et  al. Sex differences 
in diagnosis, Treatment, and cardiovascular outcomes in ho-
mozygous familial hypercholesterolemia. JAMA Cardiol. 
2024;9(4):313-322.

	34.	 Porsch F, Binder CJ. Autoimmune diseases and atherosclerotic 
cardiovascular disease. Nat Rev Cardiol. 2024. doi:10.1038/
s41569-024-01045-7

	35.	 Attiq A, Afzal S, Ahmad W, Kandeel M. Hegemony of inflam-
mation in atherosclerosis and coronary artery disease. Eur J 
Pharmacol. 2024;966:176338.

	36.	 Stefanadis C, Antoniou CK, Tsiachris D, Pietri P. Coronary 
atherosclerotic vulnerable plaque: current perspectives. J Am 
Heart Assoc. 2017;6(3):e005543.

	37.	 Fleetwood AJ, Noonan J, La Gruta N, Kallies A, Murphy 
AJ. Immunometabolism in atherosclerotic disorders. Nat 
Cardiovasc Res. 2024;3(6):637-650.

	38.	 Certo M, Rahimzadeh M, Mauro C. Immunometabolism in 
atherosclerosis: a new understanding of an old disease. Trends 
Biochem Sci. 2024;49:791-803.

	39.	 Tabas I, Williams KJ, Boren J. Subendothelial lipoprotein re-
tention as the initiating process in atherosclerosis: update and 
therapeutic implications. Circulation. 2007;116(16):1832-1844.

	40.	 Gimbrone MA Jr, Garcia-Cardena G. Endothelial cell dys-
function and the pathobiology of atherosclerosis. Circ Res. 
2016;118(4):620-636.

	41.	 Sorci-Thomas MG, Thomas MJ. Microdomains, inflammation, 
and atherosclerosis. Circ Res. 2016;118(4):679-691.

	42.	 Li S, Navia-Pelaez JM, Choi SH, Miller YI. Macrophage 
inflammarafts in atherosclerosis. Curr Opin Lipidol. 
2023;34(5):189-195.

	43.	 Ouweneel AB, Thomas MJ, Sorci-Thomas MG. The ins and outs 
of lipid rafts: functions in intracellular cholesterol homeostasis, 
microparticles, and cell membranes: thematic review series: bi-
ology of lipid rafts. J Lipid Res. 2020;61(5):676-686.

	44.	 van Niel G, Carter DRF, Clayton A, Lambert DW, Raposo G, 
Vader P. Challenges and directions in studying cell-cell com-
munication by extracellular vesicles. Nat Rev Mol Cell Biol. 
2022;23(5):369-382.

	45.	 Rizzuto AS, Gelpi G, Mangini A, Carugo S, Ruscica M, Macchi 
C. Exploring the role of epicardial adipose-tissue-derived 
extracellular vesicles in cardiovascular diseases. iScience. 
2024;27(4):109359.

	46.	 Camera M, Brambilla M, Canzano P, et  al. Association of 
Microvesicles with Graft Patency in patients undergoing CABG 
surgery. J Am Coll Cardiol. 2020;75(22):2819-2832.

	47.	 Greco MF, Rizzuto AS, Zara M, et  al. PCSK9 confers inflam-
matory properties to extracellular vesicles released by vascular 
smooth muscle cells. Int J Mol Sci. 2022;23(21):13065.

	48.	 Rizzuto AS, Faggiano A, Macchi C, Carugo S, Perrino C, 
Ruscica M. Extracellular vesicles in cardiomyopathies: a narra-
tive review. Heliyon. 2024;10(1):e23765.

	49.	 Shaihov-Teper O, Ram E, Ballan N, et  al. Extracellular vesi-
cles from epicardial fat facilitate atrial fibrillation. Circulation. 
2021;143(25):2475-2493.

	50.	 Sviridov D, Mukhamedova N, Miller YI. Lipid rafts as a thera-
peutic target. J Lipid Res. 2020;61(5):687-695.

	51.	 Tsimikas S, Witztum JL. Oxidized phospholipids in cardiovas-
cular disease. Nat Rev Cardiol. 2024;21(3):170-191.

	52.	 Kzhyshkowska J, Neyen C, Gordon S. Role of macrophage 
scavenger receptors in atherosclerosis. Immunobiology. 
2012;217(5):492-502.

	53.	 Feig JE, Parathath S, Rong JX, et  al. Reversal of hyperlipid-
emia with a genetic switch favorably affects the content and 
inflammatory state of macrophages in atherosclerotic plaques. 
Circulation. 2011;123(9):989-998.

	54.	 Koelwyn GJ, Corr EM, Erbay E, Moore KJ. Regulation of mac-
rophage immunometabolism in atherosclerosis. Nat Immunol. 
2018;19(6):526-537.

	55.	 Duewell P, Kono H, Rayner KJ, et al. NLRP3 inflammasomes 
are required for atherogenesis and activated by cholesterol crys-
tals. Nature. 2010;464(7293):1357-1361.

	56.	 Vande Walle L, Lamkanfi M. Drugging the NLRP3 inflam-
masome: from signalling mechanisms to therapeutic targets. 
Nat Rev Drug Discov. 2024;23(1):43-66.

	57.	 Jin Y, Fu J. Novel insights into the NLRP 3 Inflammasome in 
atherosclerosis. J Am Heart Assoc. 2019;8(12):e012219.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1038/s41569-024-01045-7
https://doi.org//10.1038/s41569-024-01045-7


16 of 21  |      GALLO et al.

	58.	 Karasawa T, Kawashima A, Usui-Kawanishi F, et al. Saturated 
fatty acids undergo intracellular crystallization and activate the 
NLRP3 Inflammasome in macrophages. Arterioscler Thromb 
Vasc Biol. 2018;38(4):744-756.

	59.	 Yalcinkaya M, Liu W, Xiao T, et  al. Cholesterol trafficking to 
the ER leads to the activation of CaMKII/JNK/NLRP3 and pro-
motes atherosclerosis. J Lipid Res. 2024;65(4):100534.

	60.	 Gistera A, Hansson GK. The immunology of atherosclerosis. 
Nat Rev Nephrol. 2017;13(6):368-380.

	61.	 Bellini R, Bonacina F, Norata GD. Crosstalk between dendritic 
cells and T lymphocytes during atherogenesis: focus on anti-
gen presentation and break of tolerance. Front Cardiovasc Med. 
2022;9:934314.

	62.	 Libby P, Loscalzo J, Ridker PM, et al. Inflammation, immunity, 
and infection in atherothrombosis: JACC review topic of the 
week. J Am Coll Cardiol. 2018;72(17):2071-2081.

	63.	 Bazioti V, Halmos B, Westerterp M. T-cell Cholesterol accu-
mulation, aging, and atherosclerosis. Curr Atheroscler Rep. 
2023;25(9):527-534.

	64.	 Dietel B, Cicha I, Voskens CJ, Verhoeven E, Achenbach S, 
Garlichs CD. Decreased numbers of regulatory T cells are as-
sociated with human atherosclerotic lesion vulnerability and 
inversely correlate with infiltrated mature dendritic cells. 
Atherosclerosis. 2013;230(1):92-99.

	65.	 Farber DL, Yudanin NA, Restifo NP. Human memory T cells: 
generation, compartmentalization and homeostasis. Nat Rev 
Immunol. 2014;14(1):24-35.

	66.	 de Jong MJM, Depuydt MAC, Schaftenaar FH, et al. Resident 
memory T cells in the atherosclerotic lesion associate with 
reduced macrophage content and increased lesion stability. 
Arterioscler Thromb Vasc Biol. 2024;44(6):1318-1329.

	67.	 Obare LM, Bonami RH, Doran AC, Wanjalla CN. B cells 
and atherosclerosis: a HIV perspective. J Cell Physiol. 
2024;239(6):e31270.

	68.	 Hoshi RA, Plavsa B, Liu Y, et  al. N-glycosylation profiles of 
immunoglobulin G and future cardiovascular events. Circ Res. 
2024;134(5):e3-e14.

	69.	 Sreejit G, Johnson J, Jaggers RM, et al. Neutrophils in cardiovas-
cular disease: warmongers, peacemakers, or both? Cardiovasc 
Res. 2022;118(12):2596-2609.

	70.	 Luo J, Thomassen JQ, Nordestgaard BG, Tybjaerg-Hansen A, 
Frikke-Schmidt R. Neutrophil counts and cardiovascular dis-
ease. Eur Heart J. 2023;44(47):4953-4964.

	71.	 Jorch SK, Kubes P. An emerging role for neutrophil extra-
cellular traps in noninfectious disease. Nat Med. 2017;23(3):​
279-287.

	72.	 Ecker S, Chen L, Pancaldi V, et  al. Genome-wide analysis of 
differential transcriptional and epigenetic variability across 
human immune cell types. Genome Biol. 2017;18(1):18.

	73.	 Warnatsch A, Ioannou M, Wang Q, Papayannopoulos V. 
Inflammation. Neutrophil extracellular traps license macro-
phages for cytokine production in atherosclerosis. Science. 
2015;349(6245):316-320.

	74.	 Massa M, Rosti V, Ferrario M, et al. Increased circulating hema-
topoietic and endothelial progenitor cells in the early phase of 
acute myocardial infarction. Blood. 2005;105(1):199-206.

	75.	 Hayek SS, MacNamara J, Tahhan AS, et al. Circulating progeni-
tor cells identify peripheral arterial disease in patients with cor-
onary artery disease. Circ Res. 2016;119(4):564-571.

	76.	 Petrone G, Turker I, Natarajan P, Bolton KL. Clinical and 
therapeutic implications of clonal hematopoiesis. Annu Rev 
Genomics Hum Genet. 2024;25(1):329-351.

	77.	 Jaiswal S, Fontanillas P, Flannick J, et al. Age-related clonal he-
matopoiesis associated with adverse outcomes. N Engl J Med. 
2014;371(26):2488-2498.

	78.	 Yang H, Sun Y, Li Q, Jin F, Dai Y. Diverse epigenetic regula-
tions of macrophages in atherosclerosis. Front Cardiovasc Med. 
2022;9:868788.

	79.	 Sciatti E, D'Elia E, Gori M, et al. Clonal hematopoiesis of in-
determinate potential: implications for the cardiologists. J 
Cardiovasc Med (Hagerstown). 2024;25(1):1-12.

	80.	 Fuster JJ, MacLauchlan S, Zuriaga MA, et al. Clonal hemato-
poiesis associated with TET2 deficiency accelerates atheroscle-
rosis development in mice. Science. 2017;355(6327):842-847.

	81.	 Svensson EC, Madar A, Campbell CD, et al. TET2-driven clonal 
hematopoiesis and response to canakinumab: an exploratory 
analysis of the CANTOS randomized clinical trial. JAMA 
Cardiol. 2022;7(5):521-528.

	82.	 Rauch PJ, Gopakumar J, Silver AJ, et al. Loss-of-function mu-
tations in Dnmt3a and Tet2 lead to accelerated atherosclerosis 
and concordant macrophage phenotypes. Nat Cardiovasc Res. 
2023;2(9):805-818.

	83.	 Krautter F, Hussain MT, Zhi Z, et  al. Galectin-9: a novel 
promoter of atherosclerosis progression. Atherosclerosis. 
2022;363:57-68.

	84.	 Adorni MP, Zimetti F, Cangiano B, et al. High-density lipoprotein 
function is reduced in patients affected by genetic or idiopathic 
hypogonadism. J Clin Endocrinol Metab. 2019;104(8):3097-3107.

	85.	 McGillicuddy FC, de la Llera MM, Hinkle CC, et  al. 
Inflammation impairs reverse cholesterol transport in  vivo. 
Circulation. 2009;119(8):1135-1145.

	86.	 Tall AR, Yvan-Charvet L. Cholesterol, inflammation and innate 
immunity. Nat Rev Immunol. 2015;15(2):104-116.

	87.	 Asztalos BF, Horvath KV, Schaefer EJ. High-density lipoprotein 
particles, cell-Cholesterol efflux, and coronary heart disease 
risk. Arterioscler Thromb Vasc Biol. 2018;38(9):2007-2015.

	88.	 Engelen SE, Robinson AJB, Zurke YX, Monaco C. Therapeutic 
strategies targeting inflammation and immunity in atheroscle-
rosis: how to proceed? Nat Rev Cardiol. 2022;19(8):522-542.

	89.	 Lin PC, Chen CY, Wu C, Su TC. Synergistic effects of inflam-
mation and atherogenic dyslipidemia on subclinical carotid 
atherosclerosis assessed by ultrasound in patients with familial 
hypercholesterolemia and their family members. Biomedicine. 
2022;10(2):367.

	90.	 Feng Y, Schouteden S, Geenens R, et al. Hematopoietic stem/
progenitor cell proliferation and differentiation is differentially 
regulated by high-density and low-density lipoproteins in mice. 
PLoS One. 2012;7(11):e47286.

	91.	 Gu Q, Yang X, Lv J, et al. AIBP-mediated cholesterol efflux in-
structs hematopoietic stem and progenitor cell fate. Science. 
2019;363(6431):1085-1088.

	92.	 Stiekema LCA, Willemsen L, Kaiser Y, et al. Impact of choles-
terol on proinflammatory monocyte production by the bone 
marrow. Eur Heart J. 2021;42(42):4309-4320.

	93.	 Tucker B, Ephraums J, King TW, Abburi K, Rye KA, Cochran 
BJ. Impact of impaired cholesterol homeostasis on neutrophils 
in atherosclerosis. Arterioscler Thromb Vasc Biol. 2023;43(5):​
618-627.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  17 of 21GALLO et al.

	94.	 Fonzar WT, Fonseca FA, Fonseca HA, et al. Atherosclerosis se-
verity in patients with familial hypercholesterolemia: the role 
of T and B lymphocytes. Atheroscler Plus. 2022;48:27-36.

	95.	 Bonacina F, Moregola A, Porte R, et al. Pentraxin 3 deficiency 
protects from the metabolic inflammation associated to diet-
induced obesity. Cardiovasc Res. 2019;115(13):1861-1872.

	96.	 Bonacina F, Moregola A, Svecla M, et al. The low-density lipo-
protein receptor-mTORC1 axis coordinates CD8+ T cell activa-
tion. J Cell Biol. 2022;221(11):e202202011.

	97.	 Nielsen MH, Baek R, Jorgensen MM, Mellergaard M, Handberg 
A. Increased extracellular vesicles (EVs) related to T cell-
mediated inflammation and vascular function in familial hy-
percholesterolemia. Atheroscler Plus. 2023;53:16-25.

	98.	 Cohen-Aubart F, Guerin M, Poupel L, et  al. 
Hypoalphalipoproteinemia and BRAF(V600E) mutation are 
major predictors of aortic infiltration in the Erdheim-Chester 
disease. Arterioscler Thromb Vasc Biol. 2018;38(8):1913-1925.

	99.	 Mosig S, Rennert K, Krause S, et  al. Different functions of 
monocyte subsets in familial hypercholesterolemia: potential 
function of CD14+ CD16+ monocytes in detoxification of oxi-
dized LDL. FASEB J. 2009;23(3):866-874.

	100.	 Christensen JJ, Osnes LT, Halvorsen B, et  al. Altered leu-
kocyte distribution under hypercholesterolemia: a cross-
sectional study in children with familial hypercholesterolemia. 
Atherosclerosis. 2017;256:67-74.

	101.	Bekkering S, Stiekema LCA, Bernelot Moens S, et  al. 
Treatment with statins does not revert trained immunity 
in patients with familial hypercholesterolemia. Cell Metab. 
2019;30(1):1-2.

	102.	 Han KH, Han KO, Green SR, Quehenberger O. Expression 
of the monocyte chemoattractant protein-1 receptor CCR2 
is increased in hypercholesterolemia. Differential effects 
of plasma lipoproteins on monocyte function. J Lipid Res. 
1999;40(6):1053-1063.

	103.	 Bernelot Moens SJ, Neele AE, Kroon J, et  al. PCSK9 mono-
clonal antibodies reverse the pro-inflammatory profile of 
monocytes in familial hypercholesterolaemia. Eur Heart J. 
2017;38(20):1584-1593.

	104.	 Marques P, Domingo E, Rubio A, et  al. Beneficial effects of 
PCSK9 inhibition with alirocumab in familial hypercholester-
olemia involve modulation of new immune players. Biomed 
Pharmacother. 2022;145:112460.

	105.	 Mosig S, Rennert K, Buttner P, et al. Monocytes of patients with 
familial hypercholesterolemia show alterations in cholesterol 
metabolism. BMC Med Genet. 2008;1:60.

	106.	 Escate R, Mata P, Cepeda JM, Padreo T, Badimon L. miR-
505-3p controls chemokine receptor up-regulation in mac-
rophages: role in familial hypercholesterolemia. FASEB J. 
2018;32(2):601-612.

	107.	 Bellanger N, Orsoni A, Julia Z, et  al. Atheroprotective re-
verse cholesterol transport pathway is defective in famil-
ial hypercholesterolemia. Arterioscler Thromb Vasc Biol. 
2011;31(7):1675-1681.

	108.	 Beauchamp MC, Letendre E, Renier G. Macrophage lipoprotein 
lipase expression is increased in patients with heterozygous fa-
milial hypercholesterolemia. J Lipid Res. 2002;43(2):215-222.

	109.	 Artieda M, Cenarro A, Junquera C, et al. Tendon xanthomas in 
familial hypercholesterolemia are associated with a differential 
inflammatory response of macrophages to oxidized LDL. FEBS 
Lett. 2005;579(20):4503-4512.

	110.	 Escate R, Padro T, Borrell-Pages M, et al. Macrophages of ge-
netically characterized familial hypercholesterolaemia patients 
show up-regulation of LDL-receptor-related proteins. J Cell Mol 
Med. 2017;21(3):487-499.

	111.	 Levels JH, Abraham PR, van den Ende A, van Deventer SJ. 
Distribution and kinetics of lipoprotein-bound endotoxin. 
Infect Immun. 2001;69(5):2821-2828.

	112.	 The lipid research clinics coronary primary prevention trial 
results. I. Reduction in incidence of coronary heart disease. 
JAMA. 1984;251(3):351-364.

	113.	 Cashin-Hemphill L, Mack WJ, Pogoda JM, Sanmarco ME, 
Azen SP, Blankenhorn DH. Beneficial effects of colestipol-
niacin on coronary atherosclerosis. A 4-year follow-up. JAMA. 
1990;264(23):3013-3017.

	114.	 Miyake JH, Wang SL, Davis RA. Bile acid induction of cy-
tokine expression by macrophages correlates with repres-
sion of hepatic cholesterol 7alpha-hydroxylase. J Biol Chem. 
2000;275(29):21805-21808.

	115.	 Li T, Jahan A, Chiang JY. Bile acids and cytokines inhibit the 
human cholesterol 7 alpha-hydroxylase gene via the JNK/c-jun 
pathway in human liver cells. Hepatology. 2006;43(6):1202-1210.

	116.	 Bays HE, Davidson M, Jones MR, Abby SL. Effects of cole-
sevelam hydrochloride on low-density lipoprotein choles-
terol and high-sensitivity C-reactive protein when added to 
statins in patients with hypercholesterolemia. Am J Cardiol. 
2006;97(8):1198-1205.

	117.	 Cholesterol Treatment Trialists C, Mihaylova B, Emberson 
J, et  al. The effects of lowering LDL cholesterol with sta-
tin therapy in people at low risk of vascular disease: meta-
analysis of individual data from 27 randomised trials. Lancet. 
2012;380(9841):581-590.

	118.	 Chou R, Dana T, Blazina I, Daeges M, Jeanne TL. Statins for 
prevention of cardiovascular disease in adults: evidence report 
and systematic review for the US preventive services task force. 
JAMA. 2016;316(19):2008-2024.

	119.	 Jain MK, Ridker PM. Anti-inflammatory effects of statins: 
clinical evidence and basic mechanisms. Nat Rev Drug Discov. 
2005;4(12):977-987.

	120.	 Laufs U, Liao JK. Post-transcriptional regulation of endothe-
lial nitric oxide synthase mRNA stability by rho GTPase. J Biol 
Chem. 1998;273(37):24266-24271.

	121.	 Mansouri A, Reiner Z, Ruscica M, et al. Antioxidant effects of 
statins by modulating Nrf2 and Nrf2/HO-1 signaling in differ-
ent diseases. J Clin Med. 2022;11(5):1313.

	122.	 Tunon J, Badimon L, Bochaton-Piallat ML, et al. Identifying the 
anti-inflammatory response to lipid lowering therapy: a posi-
tion paper from the working group on atherosclerosis and vas-
cular biology of the European Society of Cardiology. Cardiovasc 
Res. 2019;115(1):10-19.

	123.	 Ridker PM, Danielson E, Fonseca FA, et  al. Rosuvastatin to 
prevent vascular events in men and women with elevated C-
reactive protein. N Engl J Med. 2008;359(21):2195-2207.

	124.	 Ridker PM, Danielson E, Fonseca FA, et  al. Reduction in C-
reactive protein and LDL cholesterol and cardiovascular event 
rates after initiation of rosuvastatin: a prospective study of the 
JUPITER trial. Lancet. 2009;373(9670):1175-1182.

	125.	 Xie S, Galimberti F, Olmastroni E, et al. Effect of lipid-lowering 
therapies on C-reactive protein levels: a comprehensive meta-
analysis of randomized controlled trials. Cardiovasc Res. 
2024;120(4):333-344.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



18 of 21  |      GALLO et al.

	126.	 Asher J, Houston M. Statins and C-reactive protein levels. J Clin 
Hypertens (Greenwich). 2007;9(8):622-628.

	127.	 Taguchi I, Iimuro S, Iwata H, et al. High-dose versus low-dose 
pitavastatin in Japanese patients with stable coronary artery dis-
ease (REAL-CAD): a randomized superiority trial. Circulation. 
2018;137(19):1997-2009.

	128.	 Lu MT, Ribaudo H, Foldyna B, et al. Effects of pitavastatin on 
coronary artery disease and inflammatory biomarkers in HIV: 
mechanistic substudy of the REPRIEVE randomized clinical 
trial. JAMA Cardiol. 2024;9(4):323-334.

	129.	 Wadstrom BN, Pedersen KM, Wulff AB, Nordestgaard BG. 
Inflammation compared to low-density lipoprotein cholesterol: 
two different causes of atherosclerotic cardiovascular disease. 
Curr Opin Lipidol. 2023;34(3):96-104.

	130.	Georgakis MK, Malik R, Richardson TG, et al. Associations 
of genetically predicted IL-6 signaling with cardiovascu-
lar disease risk across population subgroups. BMC Med. 
2022;20(1):245.

	131.	 Ferri N, Ruscica M, Santos RD, Corsini A. Fixed combination 
for the Treatment of Dyslipidaemia. Curr Atheroscler Rep. 
2023;25(10):691-699.

	132.	 Ferri N, Ruscica M, Fazio S, Corsini A. Low-density lipopro-
tein cholesterol-lowering drugs: a narrative review. J Clin Med. 
2024;13(4):943.

	133.	 Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added 
to statin therapy after acute coronary syndromes. N Engl J Med. 
2015;372(25):2387-2397.

	134.	 Baigent C, Landray MJ, Reith C, et  al. The effects of lower-
ing LDL cholesterol with simvastatin plus ezetimibe in pa-
tients with chronic kidney disease (study of heart and renal 
protection): a randomised placebo-controlled trial. Lancet. 
2011;377(9784):2181-2192.

	135.	 Storey BC, Staplin N, Haynes R, et  al. Lowering LDL choles-
terol reduces cardiovascular risk independently of presence of 
inflammation. Kidney Int. 2018;93(4):1000-1007.

	136.	Araujo DB, Bertolami MC, Ferreira WP, et  al. Pleiotropic 
effects with equivalent low-density lipoprotein choles-
terol reduction: comparative study between simvastatin 
and simvastatin/ezetimibe coadministration. J Cardiovasc 
Pharmacol. 2010;55(1):1-5.

	137.	 Pearson TA, Ballantyne CM, Veltri E, et al. Pooled analyses of 
effects on C-reactive protein and low density lipoprotein cho-
lesterol in placebo-controlled trials of ezetimibe monotherapy 
or ezetimibe added to baseline statin therapy. Am J Cardiol. 
2009;103(3):369-374.

	138.	 Bohula EA, Giugliano RP, Cannon CP, et al. Achievement of 
dual low-density lipoprotein cholesterol and high-sensitivity 
C-reactive protein targets more frequent with the addition of 
ezetimibe to simvastatin and associated with better outcomes 
in IMPROVE-IT. Circulation. 2015;132(13):1224-1233.

	139.	 Gomez-Garre D, Munoz-Pacheco P, Gonzalez-Rubio ML, 
Aragoncillo P, Granados R, Fernandez-Cruz A. Ezetimibe 
reduces plaque inflammation in a rabbit model of athero-
sclerosis and inhibits monocyte migration in addition to its 
lipid-lowering effect. Br J Pharmacol. 2009;156(8):1218-1227.

	140.	 Fichtlscherer S, Schmidt-Lucke C, Bojunga S, et al. Differential 
effects of short-term lipid lowering with ezetimibe and statins 
on endothelial function in patients with CAD: clinical evi-
dence for ‘pleiotropic’ functions of statin therapy. Eur Heart J. 
2006;27(10):1182-1190.

	141.	 Liu PY, Liu YW, Lin LJ, Chen JH, Liao JK. Evidence for statin 
pleiotropy in humans: differential effects of statins and ezeti-
mibe on rho-associated coiled-coil containing protein kinase 
activity, endothelial function, and inflammation. Circulation. 
2009;119(1):131-138.

	142.	 Peserico D, Stranieri C, Garbin U, et al. Ezetimibe prevents isch-
emia/reperfusion-induced oxidative stress and up-regulates 
Nrf2/ARE and UPR signaling pathways. Antioxidants (Basel). 
2020;9(4):349.

	143.	 Macchi C, Ferri N, Sirtori CR, Corsini A, Banach M, Ruscica 
M. Proprotein convertase subtilisin/kexin type 9: a view be-
yond the canonical cholesterol-lowering impact. Am J Pathol. 
2021;191(8):1385-1397.

	144.	 Rosenson RS, Tate A, Mar P, Grushko O, Chen Q, Goonewardena 
SN. Inhibition of PCSK9 with evolocumab modulates lipopro-
teins and monocyte activation in high-risk ASCVD subjects. 
Atherosclerosis. 2024;392:117529.

	145.	 Marfella R, Prattichizzo F, Sardu C, et al. Evidence of an anti-
inflammatory effect of PCSK9 inhibitors within the human ath-
erosclerotic plaque. Atherosclerosis. 2023;378:117180.

	146.	 Cao Zhang AM, Ziogos E, Harb T, Gerstenblith G, Leucker 
TM. Emerging clinical role of proprotein convertase subtilisin/
kexin type 9 inhibition-part two: current and emerging con-
cepts in the clinical use of PCSK9 inhibition. Eur J Clin Investig. 
2024;54:e14272.

	147.	 Ruscica M, Sirtori CR, Carugo S, Banach M, Corsini A. 
Bempedoic acid: for whom and when. Curr Atheroscler Rep. 
2022;24(10):791-801.

	148.	 Ballantyne CM, Laufs U, Ray KK, et al. Bempedoic acid plus 
ezetimibe fixed-dose combination in patients with hypercho-
lesterolemia and high CVD risk treated with maximally toler-
ated statin therapy. Eur J Prev Cardiol. 2020;27(6):593-603.

	149.	 O'Neill LA, Hardie DG. Metabolism of inflammation limited by 
AMPK and pseudo-starvation. Nature. 2013;493(7432):346-355.

	150.	 Verberk SGS, Kuiper KL, Lauterbach MA, Latz E, Van den 
Bossche J. The multifaceted therapeutic value of target-
ing ATP-citrate lyase in atherosclerosis. Trends Mol Med. 
2021;27(12):1095-1105.

	151.	 Stroes ESG, Bays HE, Banach M, et al. Bempedoic acid lowers 
high-sensitivity C-reactive protein and low-density lipoprotein 
cholesterol: analysis of pooled data from four phase 3 clinical 
trials. Atherosclerosis. 2023;373:1-9.

	152.	 Cuchel M, Meagher EA, du Toit TH, et al. Efficacy and safety of 
a microsomal triglyceride transfer protein inhibitor in patients 
with homozygous familial hypercholesterolaemia: a single-
arm, open-label, phase 3 study. Lancet. 2013;381(9860):40-46.

	153.	 Blom DJ, Averna MR, Meagher EA, et  al. Long-term efficacy 
and safety of the microsomal triglyceride transfer protein in-
hibitor Lomitapide in patients with homozygous familial hy-
percholesterolemia. Circulation. 2017;136(3):332-335.

	154.	 Lupo MG, Arcidiacono D, Zaramella A, et al. Lomitapide does 
not alter PCSK9 and Lp(a) levels in homozygous familial hy-
percholesterolemia patients: analysis on cytokines and lipid 
profile. Atheroscler Plus. 2021;43:7-9.

	155.	 Raal FJ, Rosenson RS, Reeskamp LF, et  al. Evinacumab for 
homozygous familial hypercholesterolemia. N Engl J Med. 
2020;383(8):711-720.

	156.	 Raal FJ, Rosenson RS, Reeskamp LF, et al. The long-term ef-
ficacy and safety of evinacumab in patients with homozygous 
familial hypercholesterolemia. JACC Adv. 2023;2(9):100648.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  19 of 21GALLO et al.

	157.	 Beliard S, Saheb S, Litzler-Renault S, et  al. Evinacumab and 
cardiovascular outcome in patients with homozygous fa-
milial hypercholesterolemia. Arterioscler Thromb Vasc Biol. 
2024;44(6):1447-1454.

	158.	 Reeskamp LF, Millar JS, Wu L, et al. ANGPTL3 inhibition with 
evinacumab results in faster clearance of IDL and LDL apoB in 
patients with homozygous familial hypercholesterolemia-brief 
report. Arterioscler Thromb Vasc Biol. 2021;41(5):1753-1759.

	159.	 Ruscica M, Zimetti F, Adorni MP, Sirtori CR, Lupo MG, Ferri 
N. Pharmacological aspects of ANGPTL3 and ANGPTL4 inhib-
itors: new therapeutic approaches for the treatment of athero-
genic dyslipidemia. Pharmacol Res. 2020;153:104653.

	160.	 Zhang Y, Yan C, Dong Y, et al. ANGPTL3 accelerates athero-
sclerotic progression via direct regulation of M1 macrophage 
activation in plaque. J Adv Res. 2024;S2090-1232(24)00201-7. 
doi:10.1016/j.jare.2024.05.011

	161.	 Stefanutti C, Chan DC, Di Giacomo S, Morozzi C, Watts GF. 
Long-term efficacy and safety of evinacumab in patients with 
homozygous familial hypercholesterolemia: real-world clinical 
experience. Pharmaceuticals (Basel). 2022;15(11):1389.

	162.	 Franceschini G, Sirtori M, Vaccarino V, et  al. Mechanisms of 
HDL reduction after probucol. Changes in HDL subfractions 
and increased reverse cholesteryl ester transfer. Arteriosclerosis. 
1989;9(4):462-469.

	163.	 Yamashita S, Ruscica M, Macchi C, Corsini A, Matsuzawa Y, 
Sirtori CR. Cholesteryl ester transfer protein: an enigmatic 
pharmacology—antagonists and agonists. Atherosclerosis. 
2018;278:286-298.

	164.	 Matsuzawa Y, Yamashita S, Funahashi T, Yamamoto A, Tarui S. 
Selective reduction of cholesterol in HDL2 fraction by probucol 
in familial hypercholesterolemia and hyperHDL2 cholesterol-
emia with abnormal cholesteryl ester transfer. Am J Cardiol. 
1988;62(3):66B-72B.

	165.	 Tardif JC, Cote G, Lesperance J, et  al. Probucol and multivi-
tamins in the prevention of restenosis after coronary angio-
plasty. Multivitamins and Probucol study group. N Engl J Med. 
1997;337(6):365-372.

	166.	 Braun A, Zhang S, Miettinen HE, et al. Probucol prevents early 
coronary heart disease and death in the high-density lipopro-
tein receptor SR-BI/apolipoprotein E double knockout mouse. 
Proc Natl Acad Sci USA. 2003;100(12):7283-7288.

	167.	 Wu BJ, Di Girolamo N, Beck K, et  al. Probucol 
[4,4 ′- [(1-methylethylidene)bis(thio)]bis-[2,6-bis(1,1-
dimethylethyl)phenol]] inhibits compensatory 
remodeling and promotes lumen loss associated with athero-
sclerosis in apolipoprotein E-deficient mice. J Pharmacol Exp 
Ther. 2007;321(2):477-484.

	168.	 Wang YY, Li H, Wang XH, Yuan M, Li GP. Probucol inhibits 
MMP-9 expression through regulating miR-497 in HUVECs 
and apoE knockout mice. Thromb Res. 2016;140:51-58.

	169.	 Ferri N, Corsini A, Sirtori CR, Ruscica M. Present therapeutic 
role of cholesteryl ester transfer protein inhibitors. Pharmacol 
Res. 2018;128:29-41.

	170.	 Nicholls SJ, Nelson AJ, Ditmarsch M, et al. Obicetrapib on top 
of maximally tolerated lipid-modifying therapies in partici-
pants with or at high risk for atherosclerotic cardiovascular dis-
ease: rationale and designs of BROADWAY and BROOKLYN. 
Am Heart J. 2024;274:32-45.

	171.	 Kastelein JJP, Hsieh A, Dicklin MR, Ditmarsch M, Davidson 
MH. Obicetrapib: reversing the tide of CETP inhibitor disap-
pointments. Curr Atheroscler Rep. 2024;26(2):35-44.

	172.	 Filippakopoulos P, Picaud S, Mangos M, et al. Histone recogni-
tion and large-scale structural analysis of the human bromo-
domain family. Cell. 2012;149(1):214-231.

	173.	 Ray KK, Nicholls SJ, Buhr KA, et al. Effect of apabetalone added 
to standard therapy on major adverse cardiovascular events in 
patients with recent acute coronary syndrome and type 2 diabe-
tes: a randomized clinical trial. JAMA. 2020;323(16):1565-1573.

	174.	 Tsujikawa LM, Fu L, Das S, et al. Apabetalone (RVX-208) re-
duces vascular inflammation in vitro and in CVD patients by 
a BET-dependent epigenetic mechanism. Clin Epigenetics. 
2019;11(1):102.

	175.	 Ruscica M, Corsini A, Ferri N, Banach M, Sirtori CR. Clinical 
approach to the inflammatory etiology of cardiovascular dis-
eases. Pharmacol Res. 2020;159:104916.

	176.	 Williams PA, Jones GH, Briscoe M, Thomas R, Cronin P. P300 
and reaction-time measures in senile dementia of the alzhei-
mer type. Br J Psychiatry. 1991;159:410-414.

	177.	 Stefanutti C, Thompson GR. Lipoprotein apheresis in the man-
agement of familial hypercholesterolaemia: historical perspec-
tive and recent advances. Curr Atheroscler Rep. 2015;17(1):465.

	178.	 Thompson GR, Seed M, Naoumova RP, et  al. Improved car-
diovascular outcomes following temporal advances in lipid-
lowering therapy in a genetically-characterised cohort of 
familial hypercholesterolaemia homozygotes. Atherosclerosis. 
2015;243(1):328-333.

	179.	 Reijman MD, Tromp TR, Hutten BA, et al. Cardiovascular out-
comes in patients with homozygous familial hypercholestero-
laemia on lipoprotein apheresis initiated during childhood: 
long-term follow-up of an international cohort from two regis-
tries. Lancet Child Adolesc Health. 2024;8(7):491-499.

	180.	 Greco MF, Sirtori CR, Corsini A, Ezhov M, Sampietro T, Ruscica 
M. Lipoprotein(a) Lowering-from lipoprotein apheresis to anti-
sense oligonucleotide approach. J Clin Med. 2020;9(7):2103.

	181.	 Otto C, Geiss HC, Empen K, Parhofer KG. Long-term reduction 
of C-reactive protein concentration by regular LDL apheresis. 
Atherosclerosis. 2004;174(1):151-156.

	182.	 Kobayashi S, Moriya H, Maesato K, Okamoto K, Ohtake T. 
LDL-apheresis improves peripheral arterial occlusive disease 
with an implication for anti-inflammatory effects. J Clin Apher. 
2005;20(4):239-243.

	183.	 Blaha M, Krejsek J, Blaha V, et  al. Selectins and monocyte 
chemotactic peptide as the markers of atherosclerosis activity. 
Physiol Res. 2004;53(3):273-278.

	184.	 von Bauer R, Oikonomou D, Sulaj A, et  al. Pleiotropic effect 
of lipoprotein-apheresis on the soluble form of activated leuko-
cyte cell adhesion molecule (sALCAM) in familial hypercholes-
terolaemia. Exp Clin Endocrinol Diabetes. 2019;127(5):276-280.

	185.	 Stefanutti C, Mazza F, Pasqualetti D, et al. Lipoprotein apher-
esis downregulates IL-1alpha, IL-6 and TNF-alpha mRNA 
expression in severe dyslipidaemia. Atheroscler Suppl. 
2017;30:200-208.

	186.	 Nenseter MS, Narverud I, Graesdal A, et  al. Elevated serum 
MMP-9/TIMP-1 ratio in patients with homozygous familial 
hypercholesterolemia: effects of LDL-apheresis. Cytokine. 
2013;61(1):194-198.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1016/j.jare.2024.05.011


20 of 21  |      GALLO et al.

	187.	 Koziolek MJ, Mueller GA. Impact of LDL-apheresis on 
inflammation and microcirculation. Atheroscler Suppl. 
2009;10(5):56-58.

	188.	 van Wijk DF, Sjouke B, Figueroa A, et al. Nonpharmacological 
lipoprotein apheresis reduces arterial inflammation in familial 
hypercholesterolemia. J Am Coll Cardiol. 2014;64(14):1418-1426.

	189.	 Ruscica M, Sirtori CR, Corsini A, Watts GF, Sahebkar A. 
Lipoprotein(a): knowns, unknowns and uncertainties. 
Pharmacol Res. 2021;173:105812.

	190.	 Fichtner A, Macchi C, Rizzuto AS, Carugo S, Corsini A, 
Ruscica M. Lipoprotein(a) and the atherosclerotic burden – 
Should we wait for clinical trial evidence before taking action? 
Atherosclerosis Plus. 2024;58:16-23.

	191.	 Koschinsky ML, Stroes ESG, Kronenberg F. Daring to dream: 
targeting lipoprotein(a) as a causal and risk-enhancing factor. 
Pharmacol Res. 2023;194:106843.

	192.	 Vuorio A, Watts GF, Schneider WJ, Tsimikas S, Kovanen PT. 
Familial hypercholesterolemia and elevated lipoprotein(a): 
double heritable risk and new therapeutic opportunities. J 
Intern Med. 2020;287(1):2-18.

	193.	 Trinder M, DeCastro ML, Azizi H, et al. Ascertainment bias in 
the association between elevated lipoprotein(a) and familial hy-
percholesterolemia. J Am Coll Cardiol. 2020;75(21):2682-2693.

	194.	 Bjornson E, Adiels M, Taskinen MR, et  al. Triglyceride-rich 
lipoprotein remnants, low-density lipoproteins, and risk of 
coronary heart disease: a UK biobank study. Eur Heart J. 
2023;44(39):4186-4195.

	195.	 Navarese EP, Vine D, Proctor S, et al. Independent causal effect 
of remnant Cholesterol on atherosclerotic cardiovascular out-
comes: a Mendelian randomization study. Arterioscler Thromb 
Vasc Biol. 2023;43(9):e373-e380.

	196.	 Lee SJ, Kim SE, Go TH, et al. Remnant cholesterol, low-density 
lipoprotein cholesterol, and incident cardiovascular disease 
among Koreans: a national population-based study. Eur J Prev 
Cardiol. 2023;30(11):1142-1150.

	197.	 Boren J, Taskinen MR, Bjornson E, Packard CJ. Metabolism of 
triglyceride-rich lipoproteins in health and dyslipidaemia. Nat 
Rev Cardiol. 2022;19(9):577-592.

	198.	 Ginsberg HN, Packard CJ, Chapman MJ, et al. Triglyceride-rich 
lipoproteins and their remnants: metabolic insights, role in ath-
erosclerotic cardiovascular disease, and emerging therapeutic 
strategies-a consensus statement from the European athero-
sclerosis society. Eur Heart J. 2021;42(47):4791-4806.

	199.	 Toth PP. Triglycerides and atherosclerosis: bringing the associa-
tion into sharper focus. J Am Coll Cardiol. 2021;77(24):3042-3045.

	200.	 Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS. TLR4 
links innate immunity and fatty acid-induced insulin resis-
tance. J Clin Invest. 2006;116(11):3015-3025.

	201.	 Shaikh M, Wootton R, Nordestgaard BG, et  al. Quantitative 
studies of transfer in vivo of low density, sf 12-60, and sf 60-400 
lipoproteins between plasma and arterial intima in humans. 
Arterioscler Thromb. 1991;11(3):569-577.

	202.	 Elias-Lopez D, Doi T, Nordestgaard BG, Kobylecki CJ. Remnant 
cholesterol and low-grade inflammation jointly in atheroscle-
rotic cardiovascular disease: implications for clinical trials. 
Curr Opin Clin Nutr Metab Care. 2024;27(2):125-135.

	203.	 Doi T, Langsted A, Nordestgaard BG. Dual elevated rem-
nant cholesterol and C-reactive protein in myocardial infarc-
tion, atherosclerotic cardiovascular disease, and mortality. 
Atherosclerosis. 2023;379:117141.

	204.	 Chevli PA, Islam T, Pokharel Y, et al. Association between rem-
nant lipoprotein cholesterol, high-sensitivity C-reactive pro-
tein, and risk of atherosclerotic cardiovascular disease events 
in the multi-ethnic study of atherosclerosis (MESA). J Clin 
Lipidol. 2022;16(6):870-877.

	205.	 Cesena FY, Generoso G, Santos RD, et al. The association be-
tween triglyceride-rich lipoproteins, circulating leukocytes, and 
low-grade inflammation: the Brazilian longitudinal study of 
adult health (ELSA-Brasil). J Clin Lipidol. 2023;17(2):261-271.

	206.	 Raposeiras-Roubin S, Rossello X, Oliva B, et  al. Triglycerides 
and residual atherosclerotic risk. J Am Coll Cardiol. 
2021;77(24):3031-3041.

	207.	 Ruscica M, Penson PE, Ferri N, et al. Impact of nutraceuticals on 
markers of systemic inflammation: potential relevance to car-
diovascular diseases—a position paper from the international 
lipid expert panel (ILEP). Prog Cardiovasc Dis. 2021;67:40-52.

	208.	 Schuchardt JP, Beinhorn P, Hu XF, et al. Omega-3 world map: 
2024 update. Prog Lipid Res. 2024;95:101286.

	209.	 Bhatt DL, Steg PG, Miller M, et al. Cardiovascular risk reduc-
tion with Icosapent ethyl for hypertriglyceridemia. N Engl J 
Med. 2019;380(1):11-22.

	210.	 Ridker PM, Rifai N, MacFadyen J, et al. Effects of randomized 
Treatment with Icosapent ethyl and a mineral oil compara-
tor on interleukin-1beta, Interleukin-6, C-reactive protein, 
oxidized low-density lipoprotein Cholesterol, homocyste-
ine, lipoprotein(a), and lipoprotein-associated phospholi-
pase A2: a REDUCE-IT biomarker substudy. Circulation. 
2022;146(5):372-379.

	211.	 Sherratt SCR. REDUCE-IT. Biomarkers, and confirmation 
bias: are we missing the forest for the trees? Eur J Prev Cardiol. 
2023;zwad169. doi:10.1093/eurjpc/zwad169

	212.	 Sherratt SCR, Libby P, Bhatt DL, Mason RP. Comparative ef-
fects of mineral oil, corn oil, Eicosapentaenoic acid, and do-
cosahexaenoic acid in an in vitro atherosclerosis model. J Am 
Heart Assoc. 2023;12(7):e029109.

	213.	 Ruscica M, Sirtori CR, Carugo S, Calder PC, Corsini A. Omega-3 
and cardiovascular prevention - is this still a choice? Pharmacol 
Res. 2022;182:106342.

	214.	 Sherratt SCR, Mason RP, Libby P, Steg PG, Bhatt DL. Do pa-
tients benefit from omega-3 fatty acids? Cardiovasc Res. 
2024;119(18):2884-2901.

	215.	 Shirakawa K, Sano M. Drastic transformation of visceral 
adipose tissue and peripheral CD4 T cells in obesity. Front 
Immunol. 2022;13:1044737.

	216.	 Sherratt SCR, Libby P, Dawoud H, Bhatt DL, Mason RP. 
Eicosapentaenoic acid improves endothelial nitric oxide bio-
availability via changes in protein expression during inflamma-
tion. J Am Heart Assoc. 2024;13:e034076.

	217.	 Back M. Icosapent ethyl in cardiovascular prevention: resolu-
tion of inflammation through the eicosapentaenoic acid - resol-
vin E1 - ChemR23 axis. Pharmacol Ther. 2023;247:108439.

	218.	 Chan DC, Pang J, Barrett PH, et  al. Omega-3 fatty acid ethyl 
esters diminish postprandial lipemia in familial hypercholes-
terolemia. J Clin Endocrinol Metab. 2016;101(10):3732-3739.

	219.	 Chan DC, Watts GF. Postprandial lipoprotein metabolism 
in familial hypercholesterolemia: thinking outside the box. 
Metabolism. 2012;61(1):3-11.

	220.	 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guide-
lines for the management of dyslipidaemias: lipid modification 
to reduce cardiovascular risk. Eur Heart J. 2020;41(1):111-188.

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1093/eurjpc/zwad169


      |  21 of 21GALLO et al.

	221.	 Das Pradhan A, Glynn RJ, Fruchart JC, et al. Triglyceride low-
ering with Pemafibrate to reduce cardiovascular risk. N Engl J 
Med. 2022;387(21):1923-1934.

	222.	 Walker AE, Kaplon RE, Lucking SM, Russell-Nowlan MJ, Eckel 
RH, Seals DR. Fenofibrate improves vascular endothelial func-
tion by reducing oxidative stress while increasing endothelial 
nitric oxide synthase in healthy normolipidemic older adults. 
Hypertension. 2012;60(6):1517-1523.

	223.	 Keech AC, Mitchell P, Summanen PA, et  al. Effect of fenofi-
brate on the need for laser treatment for diabetic retinop-
athy (FIELD study): a randomised controlled trial. Lancet. 
2007;370(9600):1687-1697.

	224.	 Verma S, Mazer CD, Connelly KA. Inflammation and cho-
lesterol at the crossroads of vascular risk. Cell Metab. 
2023;35(7):1095-1098.

	225.	 Waksman R, Merdler I, Case BC, Waksman O, Porto I. Targeting 
inflammation in atherosclerosis: overview, strategy and direc-
tions. EuroIntervention. 2024;20(1):32-44.

	226.	 Del Buono MG, Bonaventura A, Vecchie A, et  al. Pathogenic 
pathways and therapeutic targets of inflammation in heart 
diseases: a focus on Interleukin-1. Eur J Clin Investig. 
2024;54(2):e14110.

	227.	 Park B, Bakbak E, Teoh H, et al. GLP-1 receptor agonists and 
atherosclerosis protection: the vascular endothelium takes 
center stage. Am J Physiol Heart Circ Physiol. 2024;326(5):​
H1159-​H1176.

How to cite this article: Gallo A, Le Goff W, 
Santos RD, et al. Hypercholesterolemia and 
inflammation—Cooperative cardiovascular risk 
factors. Eur J Clin Invest. 2024;00:e14326. 
doi:10.1111/eci.14326

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14326 by M

assim
iliano R

uscica - U
niversita D

i U
dine V

ia Pallad , W
iley O

nline L
ibrary on [07/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/eci.14326

	Hypercholesterolemia and inflammation—Cooperative cardiovascular risk factors
	Abstract
	1  |  INTRODUCTION
	2  |  ATHEROSCLEROSIS AND INFLAMMATION: A MOLECULAR OVERVIEW
	3  |  INFLAMMATION, IMMUNITY AND FAMILIAL HYPERCHOLESTEROLEMIA
	4  |  IMPACT OF LIPID-­LOWERING APPROACHES TO REDUCE INFLAMMATION
	5  |  LDL-­APHERESIS IN FH AND ITS ROLE IN INFLAMMATION
	6  |  LIPOPROTEIN(a) AND INFLAMMATION
	7  |  TRIGLYCERIDE-­RICH LIPOPROTEINS AND INFLAMMATION
	8  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


