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ABSTRACT
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Lipoprotein(a) (Lp(a)) attests to be of interest as a new lipoprotein target. However, Lp(a) was discovered in 1963
and since then was recognized as a low-density lipoprotein (LDL)-like lipoprotein with a structurally similar domain
to plasminogen. We are increasingly recognizing the importance of Lp(a) and cardiovascular pathologies including
atherosclerotic cardiovascular disease, aortic valve stenosis, heart failure, and atrial fibrillation. However, we neither
have a standardized measurement method nor an appropriate agent to intervene with this old threat that we have
recognized for 60 years. Herein, we present an up-to-date review of our knowledge about Lp(a) covering measurement

methods, its associates, and summary of the currently available therapies and emerging therapeutic agents for the
management of high Lp(a) in the light of recent evidence and guideline recommendations.
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Introduction

With the improvement of the novel drug technologies, lipopro-
tein(a) (Lp(a)) attests to be of interest as a new lipoprotein target.
Lp(a) was discovered in 1963 and since then was recognized as a
low-density lipoprotein (LDL)-like lipoprotein with a structurally
similar domain to plasminogen (1-3).

For almost 50 years, Lp(a) could not find a place in clinical prac-
tice due to the lack of standardized method of measurement and
lack of effective treatment. During the last decade, a large amount of
information has accumulated about its role in atherosclerotic cardi-
ovascular disease (ASCVD) and aortic valve stenosis. However, there
are still many unknowns and discrepancy between the consensus of
societies. The purpose of this review is to provide insight to the pos-
sible clinical use of Lp(a) and the currently available therapies and
emerging therapeutic agents for the management of patients in the
light of recent evidence and guideline recommendations.

Received 3 November 2022; accepted 19 December 2022

What is Lp(a)?

Lp(a) is a unique liver-derived lipoprotein, consisting of an LDL-
like particle and apolipoprotein (apo)(a) which is disulfide-linked
to the apo-B100. Apo(a) is a homologue of plasminogen, containing
multiple copies of plasminogen kringle IV, a single copy of plasmino-
gen kringle V, and an inactive protease domain (4, 5). The similarity
between Lp(a) and plasminogen allows Lp(a) to interfere with tissue
plasminogen activator (tPA) — mediated plasminogen activation, as a
result, possibly contributing to hypercoagulability (6). Interestingly,
observational human studies showed only a slightly increased risk for
venous thromboembolism at very high Lp(a) levels (>95th percen-
tile) (7), whereas Mendelian randomization studies did not support
any causality for thrombotic events (7, 8).

Lp(a) has a close association with inflammation due to the inter-
leukin-6 (IL-6), an acute-phase cytokine, response element located
on LPA gene (9). Lp(a) activates endothelial cells by enhancement

Corresponding Authors
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of PFKFB3-mediated glycolysis, which can be reversed by inhibition
of glycolysis. An increase in vascular glycolysis, then, facilitates in-
flammation through the promotion of trans-endothelial migration of
monocytes (10), a phenomenon seen mostly in Lp(a) concentrations
over >50 mg/dL (>125 nmol/L) (9). Lp(a) as an opsonin, can also
alone enhance the phagocytic function of macrophages, as proven
against the encapsulated bacterium Haemophilus influenzae, a func-
tion dependent on scavenger receptor CD36 (11).

As suggested by the Mendelian Randomization studies, absolute
changes in Lp(a) plasma levels modify the risk of ASCVD (2). Lp(a)
levels are strongly determined through genetic variants in the LPA gene,
particularly by a size polymorphism in apolipoprotein(a) [apo(a)] (12).

The LPA gene locus on chromosome 6q explains up to 90% of
Lp(a) variance. While the LPA gene locus controls the synthesis of
Lp(a), 30-70% of Lp(a) concentration is attributed to apo(a) iso-
form size, which is determined by the number of Kringle IV repeats.
Kringle IV repeats in the LPA gene results in polymorphisms leading
to apo(a) varying in size (5). All these apo(a) variants account for
apo(a) isoforms. There is an inverse relationship between the num-
ber of Kringle IV repeats and Lp(a) concentration. Median Lp(a)
concentrations are 4-5 times higher in individuals with small apo (a)
isoforms, i.e., with low number of Kringle IV repeats (< 22 repeats)
compared to those carrying only large isoforms (> 22 repeats). This
inverse correlation is caused by more efficient maturation of smaller
apo(a) isoforms in the endoplasmic reticulum (3, 12). Lp(a) is also
assembled out of the hepatocyte membrane. Individuals carrying the

Table 1 | Summary of conditions that affect Lp(a) levels.

Lipoprotein(a)

same isoforms of Lp(a) may still have varying plasma concentrations
since the plasma concentration is not only dependent on precursor
size but also the rate of the production (13).

Of all Kringle IV types and the number of Kringle IV type 2 do-
mains are associated independently with the risk of ASCVD along
with plasma Lp(a) concentrations. On the other hand, significant
difference in average Lp(a) concentration among different popula-
tions independent of apo(a) allele frequency is also noted (14). In
addition to the wide LPA gene, APOE, CETP, and a novel variant of
APOH coding beta2-glycoprotein I (2GPI) are associated with Lp(a)
levels (3, 15).

What conditions other than genetics
affect the Lp(a) levels?

Though Lp(a) concentration is mainly determined by genetics
(>90%), several physiologic and pathologic factors have been sug-
gested to influence Lp(a) levels. Table 1 depicts these factors includ-
ing ethnicity, sex, hormones, and chronic pathologies such as hepat-
ic and renal diseases.

ARIC and Dallas Heart studies have shown that Lp(a) levels are
increased and less skewed in Black individuals compared to other
ethnicities (3, 16, 17). UK Biobank data revealed that median Lp(a)
levels are highest in Black individuals and sequentially decreasing
in South Asian, White, and Chinese individuals (75, 31, 19 and 16
nmol/L, respectively) (3, 18).

Conditions/ Effect on Lp(a) levels
interventions
Genetics More than 90% of the levels of Lp(a) are determined genetically. LPA is the major gene regulating Lp(a). Other genes
including APOE, CETP, and a novel variant of APOH may have some influence.
Ethnicity Ethnicity differs Lp(a) concentration. Lp(a) levels are sequentially increased in Chinese, White, South Asian, and
highest in Black individuals
Fasting No change
Lifestyle Diet Replacement of dietary saturated fat with carbohydrate or unsaturated
fat is associted with ~10%-15% 1
Low carbohydrate diet high in saturated fat ~15% |
Alcohol consumption No association or minor |
Physical activity No or minor change
Sex hormones Sex No change or minor in women compared to men

Endogenous sex hormones

No or minor change

Menopause

No change or minimal }

Postmenopausal HRT

Almost 20-25% | ;

Decrease is greater with oral vs transdermal estrogen.

No difference between continuous vs cyclic HRT

Surgical or biochemical castration in males Small 1
Ovariectomy, estrogen receptor antagonist Small 1
Pregnancy 2-fold 1
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Conditions/ Effect on Lp(a) levels
interventions
Hormones and Hyperthyroidism { and Treatment of hyperthyroidism results in 20-25% 1
related conditions
Hypothyroidism 1 and Treatment of Hypothyroidism is associated with 5%-20% |

Growth hormone replacement therapy

9-fold 1

Chronic kidney Chronic kidney disease and hemodialysis 1; an inverse association with kidney function; a 2—4-fold higher level
disease only in patients with large size apo(a) vs controls
Nephrotic syndrome Almost 3-5-fold 1
Peritoneal dialysis patients 2-fold 1
Kidney transplantation Significant | or normalization
Hepatic Hepatocellular damage Decreased in parallel with the disease progression
impairment >40% reduction in hepatitis; a 2-fold increase with antiviral treatment

Luver transplantation

Changes of apo(a) isoform to that of the donor, with corresponding
changes in Lp(a) levels

Non-alcoholic fatty liver disease

Inconsistent association across population groups

Inflammation and ~ Severe, life-threatening acute-phase conditions

In sepsis, severe burns |

related conditions
Several inflammatory conditions

1

Tocilizumab (IL-6 inhibitor)

Almost 30%-40% |,

Protease inhibitors or antiretroviral therapy

1

Statins

May slightly increase Lp(a) (but reports are heterogeneous)

Air pollution

Slight 1

HRT: hormone replacement therapy; IL: interleukin, Lp(a): Lipoprotein (a).

Sex hormones may also affect Lp(a) levels. Women generally
have 5-10% higher Lp(a) levels than men (17, 19). There are reports
of elevated Lp(a) in pregnant women that return to baseline postpar-
tum. Lp(a) levels also increase at menopause but remain relatively
constant in men (20). Moreover, exogenous androgens and estrogen
reduce Lp(a) level. Other hormones, particularly those affecting li-
poprotein metabolism, may influence Lp(a) concentrations. Thyroid
dysfunctions modestly affect Lp(a) levels, and treatment of overt or
subtle hypothyroidism decreases Lp(a).

Research on the interaction between lifestyle and Lp(a) is ex-
panding. Physical activity seems to have no or minimal effect on
Lp(a) levels, with conflicting variations in younger or diabetic pop-
ulations (3, 18). Though diet was initially suggested not to affect
Lp(a) levels, recent studies denote some interaction between eating
pattern and Lp(a). Replacement of dietary saturated fat with unsatu-
rated fat or protein may increase Lp(a) up to 10-15%. A diet regimen
enriched with walnuts (41-56 g/day) or pecans (72 g/day) can only
result in a minimal (6-15%) reduction of Lp(a) (18).

Both liver and kidney diseases affect Lp(a) levels. Hepatic dam-
age is associated with Lp(a) decrease in parallel with the disease
progression (3, 18). Contrary, decreasing glomerular filtration rate
results in elevation of Lp(a) levels (21). In chronic kidney disease,
the catabolism of Lp(a) is reduced, leading to elevation of larger
apo(a) isoforms. Meanwhile, in patients with nephrotic syndrome,
Lp(a) synthesis is increased with subsequent elevation of both large
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and small sized apo(a)s due to urinary protein loss (3, 18, 21). Lp(a)
levels are highest in patients with nephrotic syndrome or in those
treated by peritoneal dialysis (22). Following renal transplantation,
Lp(a) concentration reduces independent of the type of immuno-
suppressive therapy (21-23).

Lp(a) levels show association with both acute and chronic inflam-
matory states (9). Lp(a) reduction is reported in severe, life-threat-
ening acute phase conditions such as sepsis etc, whereas increased
levels are reported in several acute and chronic inflammatory con-
ditions (18, 21). As an example in patients with systemic lupus er-
ythematosus, Lp(a) higher than >125 nmol/L is associated with
lupus proteinuria, reduced glomerular filtration rate, and elevated
erythrocyte sedimentation rate (24). Moreover, moderately increases
of Lp(a) are related to IL-6 levels and may reduce with IL-6 block-
ade through tocilizumab therapy (25). This effect is not observed
with TNF-a blockade (25, 26). The clinical impact of inflamma-
tion on Lp(a) concentration is small in population studies (1,18).
In human immunodeficiency virus infected patients with baseline
Lp(a) concentrations >20-30 mg/dL, treatment with protease in-
hibitors or antiretroviral therapy is associated with Lp(a) increase
(27). Lp(a) levels are increased in patients with coronavirus disease
2019 (COVID-19) and correlate positively with the disease severity,
which includes acute kidney damage, and also positively associated
with IL-8, fibrinogen, and creatinine levels (28). COVID-19 alone
is known to cause five-times higher frequency of thromboembolic
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events. Though elevated D-dimer levels are more common in COV-
ID-19 patients with elevated Lp(a) (29), the thromboembolic risk is
not influenced by Lp(a) levels. However, the risk for ischemic heart
disease (IHD) is higher in patients with COVID-19, if elevated Lp(a)
levels are additionally present (8). Air pollution as an inflammatory
trigger is associated with elevated Lp(a) levels. Long term exposure
to fine particles (PM2.5) has the strongest effect on Lp(a)- which is
stronger than for any other lipoproteins (18).

Clinical implications of high Lp(a)

Observational and genetic studies consistently recognize the
causal association between high Lp(a) and ASCVD, aortic valve ste-
nosis and mortality (cardiovascular and all-cause) in both sexes and
across ethnic groups (3). Extreme Lp(a) elevation is one of the few
conditions which faces affected individuals with high or very high
cardiovascular risk category without additional risk scoring, along
with familial hypercholesterolemia (FH), documented ASCVD,
long-standing diabetes mellitus, and chronic kidney disease (2, 3).
Therefore, current guidelines recommend the Lp(a) measurement
for every adult to identify Lp(a) levels >180 mg/dL (>430 nmol/L)
(2). An elevation of Lp(a) may increase the risk for an incident CAD
without familial risk factors or even in those with LDL-C<70 mg/dL
(30). ACCELERATE trial has shown that high Lp(a) levels are asso-
ciated with an increased risk of major adverse ASCVD events at low
levels of LDL-C (<80 mg/dL) (8). Also, smaller apo(a) accompany-
ing high Lp(a) concentration is associated with higher risk of ASCVD
(3). Elevated Lp(a) levels may activate macrophages and coronary
artery smooth muscle cells and result in coronary artery spasm by up-
regulating a'7-nAChR/IL-6/p38 MAPK signaling, resulting in secre-
tion of proinflammatory IL-6 and reduction of the inducible nitric
oxide synthase expression through M1 polarization of macrophages,
which are not triggered by LDL-C (31).

Many different ASCVD presentations have been shown to be
associated with high Lp(a) levels. Men with Lp(a) levels above 95"
percentile have a 4-fold increased risk of severe angina, likewise wom-
en have 2-fold increased risk for IHD with same Lp(a) levels (32).
Copenhagen City Heart Study proved a continuous relation between
Lp(a) levels and risk of IHD and myocardial infarction (MI), and
in the general population, where levels exceeding the 95" percen-
tile predict a 3-4 fold increased risk of MI (33). Higher Lp(a) levels
are reported as a culprit for premature CAD (84). It also correlates
with the CAD severity (35) and the volume and progression of the
coronary atheroma (36). High Lp(a) levels are associated in men
aged >45 years with higher coronary artery calcium (CAC) scores,
which has a positive correlation with traditional cardiovascular risk
factors (37). High Lp(a) levels are also associated with the pro-
gression of CAC (38). Furthermore, in individuals with established
ST-elevation MI, very high (>135 mg/dL) levels of Lp(a) can predict
the worse long-term outcomes as proven by the prospective cohort
studies, highlighting the need for Lp(a)-based risk stratification in
these patients (39). Combining Lp(a) with other risk estimates such
as fibrinogen, Syntax Score etc have been shown to increase the pre-
diction of cardiovascular events in acute or chronic ASCVD states
(40, 41). Even slightly elevated Lp(a) levels may result in early loss of
vein grafts in the first year of the coronary artery bypass grafting sur-
gery (42) Lp(a) levels have been shown predict mid and long term
ASCVD events in patients undergoing percutaneous coronary inter-
vention (PCI) (43). Lp(a) levels have been also suggested to predict
contrast induced kidney injury following emergent PCI (44).

High Lp(a) also attenuates the ASCVD risk in patients with
CKD. In patients with impaired renal functions, Lp(a) at levels of
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30-50 mg/dL is associated with acute coronary syndrome related ad-
verse outcomes, whereas in patients with normal kidney functions,
Lp(a)>50 mg/dL is usually required for such a risk level (45). Simi-
larly, in both pre-diabetic and type 2 diabetic patients, recurrence of
ASCVD events is more prominent in those with elevated Lp(a) (46).

Apart from being a risk factor for CAD, elevated Lp(a) levels (>
30-50 mg/dL) are associated with calcific aortic valve stenosis, es-
pecially the LPA single nucleotide polymorphism rs10455872 is re-
sponsible for a 2-fold increased risk of aortic-valve calcification (47).
Additionally, Lp(a) levels >90 mg/dL is associated with a 3-fold in-
crease in the risk of aorticvalve calcification (48). The Copenhagen
General Population Study also presented that elevated Lp(a) is not
only associated with the calcification of the aortic valve but also of the
mitral valve (OR 1.53) (49). The risk of aortic involvement with high
Lp(a) levels is especially important in patients with FH who already
have smaller aortic valve areas and increased inflammatory markers,
therefore susceptible to accelerated valvular dysfunction even within
the normal range of Lp(a) levels (50). Lp(a) is of use, along with
hypertension and LDL-C, for predicting the need of aortic valve
replacement in FH. However, the effect of Lp(a) reduction on the
progression of aortic valve stenosis is currently a mystery requiring
clinical trials to ascertain (51). High levels of Lp(a) in the upper 4"
quartile also have been shown to result in aortic dissection, a correla-
tion independent from any other risk factor (52).

Elevated Lp(a) levels are also associated with the risk of heart
failure, peripheral arterial disease (PAD) or stroke but higher Lp(a)
concentrations are required than those associated with the risk of
coronary or aortic diseases (1). The increased risk of heart failure
associated with high Lp(a) levels is attributed to ASCVD and calcific
aortic valve stenosis (53). Likewise, elevated Lp(a) (230 mg/dL) is
associated with higher serum N-terminal pro-B natriuretic peptide
levels and lower left ventricular ejection fraction at follow-up (54).
Increased cardiovascular mortality and hospitalization rates are re-
ported within the first year of the diagnosis of heart failure in those
with high Lp(a) (230 mg/dL) (55).

Different studies suggest that patients within the highest quar-
tiles for Lp(a) are at increased risk for PAD, an association generally
not affected by LDL-C levels. In patients with established PAD, ex-
tremity amputations are more common in those with elevated Lp(a).
However, it’s important to note that the predictive value of Lp(a) lev-
els in PAD is higher than CAD (56). The strongest genetic predictor
of PAD is the LPA genelocus (57). Lp(a) is also a non-traditional risk
factor for premature lower extremity PAD (57). High Lp(a) may not
only result in a worse long-term overall prognosis including ASCVD
related mortality in patients with PAD, but also with an increased risk
for major adverse limb events after iliofemoral endarterectomy (58).

Increased Lp(a) levels are associated with cerebrovascular ath-
erothrombotic events. High Lp(a) is reported to be associated with
the presence of carotid atherosclerosis independent of the conven-
tional risk factors including LDL-C level (59). Interestingly elevated
luminal levels of Lp(a) in the aneurysm sack is associated with en-
largement of the aneurysm wall within the unruptured intracranial
aneurysms (60) Additionally, elevated Lp(a) is not only responsible
for large artery atherosclerosis, but also for recurrence of cerebro-
vascular events primarily in Caucasian individuals aged <60 years or
with evident ASCVD (61). High Lp(a) (>137 nmol/L), also predicts
major ASCVD events following the carotid endarterectomy (62).

The relationship between atrial fibrillation (AF) and Lp(a) lev-
els is another popular topic. A recent study from the UK Biobank
showed that each 50 nmol/L (23 mg/dL) increase in Lp(a) is associ-
ated with an increased risk of incident AF for both the measured and
genetically predicted Lp(a) (63). Mendelian randomization analyses
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also denoted similar results. Interestingly there was no evidence of
risk-conferring effect from LDL-C or triglycerides, and only 39% of
Lp(a) risk was mediated through ASCVD and aortic valve stenoses,
suggesting that Lp(a) may partly influence AF independent of its
known effects on ASCVD (64). Apart from these results, presence
of left atrial thrombus or thromboembolic events are shown to be
increased in patients with non-valvular chronic AF with Lp(a) levels
230mg/dL (64).

Lp(a) seems to be an important marker in extra cardiovascular
pathologies, too. In mildly preeclamptic patients, serum Lp(a) level
> 40.5 mg/dL predicts the development of severe preeclampsia lat-
er during the pregnancy (65). Several neuro-vascular pathologies are
also shown to be associated with high Lp(a) levels. For example, Lp(a)
levels correlate with major extracranial arterial vessel size in patients
with multiple sclerosis (66). Similarly, high Lp(a) levels are reported in
several forms of early-onset vascular dementia and ceroid lipofuscino-
sis due to accelerated atherosclerotic disease (67). Meanwhile a weak
association between elevated serum Lp(a) levels and worse motor
symptoms in Parkinson disease is noted (68). Serum Lp(a) levels are
also associated with the severity of diabetic retinopathy and primary
angle-closure glaucoma and resultant neuropathy (69, 70).

In addition, Lp(a) has some special implications for FH patients,
as it has been shown as a culprit for aortic valve calcification in these
patients. Furthermore, high Lp(a) may interfere with the diagnostic
accuracy of the clinical diagnosis of FH with Dutch Lipid Clinic Net-
work (DLCN) criteria. Lp(a)-adjusted LDL-C level (LDL-C - 0.3 x
Lp(a)) might be helpful, leading to the differences during the place-
ment of patients into different risk categories after DLCN criteria
scores. In patients with already diagnosed FH, a Lp(a) level 240 mg/
dL has resulted in FH re-diagnosing with a sensitivity of 63% and
specificity of 78% (area under the curve = 0.7, 95% CI 0.7-0.8, p <
0.001) after adjustment according to the proposed formula (71). In
the same patient group with Lp(a) > 40 mg/dL, 51% were reclassi-
fied after DLCN criteria score and 34% reclassified in means of di-
agnosis. The rates of reclassification after DLCN criteria score and
reclassification in means of diagnosis in FH patients with Lp(a) <40
mg/dL were only 15% and 11%, respectively (71, 72).

Low Lp(a) levels

The implications of low Lp(a) levels are not well known. Certain
associations with very low Lp(a) levels are noticed. For example, low
circulating levels of Lp(a), along with transaminases may serve as a
mean to noninvasively measure the severity of Non-alcoholic fatty liv-
er disease (NAFLD), as Lp(a)-synthesis also depends on hepatocyte
function (73). Patients with Child-Pugh class B and C levels have sig-
nificantly lower levels of Lp(a) levels than those in Child-Pugh class
A, with lower levels of total cholesterol and Lp(a) relating with de-

Table 2 | Methods of Lp(a) Measurements.
Lp(a): Lipoprotein (a) Mass-Dependent

Measured component

The entire molecular components of the Lp(a)

including proteins, lipids, and carbohydrates

Lipoprotein(a)

compensatory events in cirrhotic patients (74).

Lower concentrations of Lp(a), bottom 10%, are associated with
increased susceptibility to incident type 2 diabetes, another cause
of vascular glycolysis leading to endothelial dysfunction (32) Me-
ta-analysis of all available studies showed a 38% (95% CI 29-48%, P<
0.0001) higher risk for the lowest quintile compared to highest quin-
tile of the Lp(a) levels (3). Likewise, an observational cross-sectional
study demonstrated an association between low Lp(a) and increased
risk of pre-diabetes, insulin resistance, and hyperinsulinemia (3, 75).
The mechanisms underlying this association are still unclear and not
explained by recognized risk factors or known variants of diabetes
(3). Furthermore, we do not know if aggressive Lp(a) lowering may
exacerbate diabetes.

Copenhagen General Population Study proved recently that low
Lp(a) levels do not correlate with any cancer or infectious disease
(76). Despite that, in breast cancer patients, when compared to
healthy controls, higher levels of Lp(a) are prominent in the Han
Chinese population (77) Moreover, receptor tyrosine-protein kinase
erbB-2 proto-oncogene expression is inversely associated with serum
Lp(a) levels in these patients, which is of clinical importance as the
expression of this growth factor receptor may change the treatment
regimen and prognosis.

The big challenge - How to measure Lp(a) levels?

Lp(a) plasma or serum levels can be measured using several im-
munochemical methods including enzyme-linked immunosorbent
assay (ELISA), immunoturbidimetry, nephelometry, and dissocia-
tion-enhanced lanthanide fluorescent immunoassay (78) Although
measurements with these immunoassays are made with polyclonal
antibodies against apo(a), there are studies regarding a monoclonal
antibody binding on a single-site on Lp(a) (79).

As there is no standardized assay to measure Lp(a) in serum or
plasma, immunochemical methods are also divided into mass de-
pendent and independent assays (Table 2). Mass-independent assays
use antibodies against non-repeating kringles of Lp(a) therefore
measure the actual particle number, i.e., each apo(a) molecule is
only recognized once. These assays are reported in nanomoles per
liter (nmol/L). Contrary, mass-dependent assays calculate the en-
tire molecular components of the Lp(a) including proteins, lipids,
and carbohydrates, and are reported in milligrams per liter (mg/
dL). As only the total amount of Kringle domains are recognized
and distinguishment of one Kringle domain from the others is not
made; detected Lp(a) levels may be mistaken in patients with smaller
or larger apo(a) isoforms, resulting in underestimated or overesti-
mated Lp(a) levels, respectively (80). In a systematic comparison of
apo(a) isoform dependent and independent assays, Lp(a) was un-
derestimated by ~10% in patients with smaller isoforms (associated

Mass-Independent

Antibodies against non-repeating kringles of Lp(a)

Reported in units Milligrams per liter (mg/dL)

Nanomoles per liter (nmol/L)

Isoform size can alter the measured levels
of Lp(a)

Disadvantages

Lp(a): Lipoprotein(a).
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Measurements are made with polyclonal antibodies against
Lp(a), there is no standardized immunoassay while different
methods are in use
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with high Lp(a) levels and high ASCVD risk) and overestimated by
up to 35% in those with large isoforms (associated with low Lp(a)
concentrations and low ASCVD risk) (3, 81). Such a variance might
be interpreted as an average absolute bias of +10 nmol/L (or 4 mg/
dL) which might be clinically ignored as will not result in a major
alteration of the risk classification. However, several studies showed
biases varying between -25% and +35% (3, 81).

Another important problem in clinical practice is the conversion
of Lp(a) concentrations from mass unit to molar units. As assays vary
extensively, using a standard converting factor between mg/dL and
nmol/L values of Lp(a) is not recommended (1). Some investigators
who use both units in clinical practice suggest conversion factor of
2-2.5 as ‘best guess’ from mg/dL to nmol/L (3, 81, 82). In anyway,
apo(a) isoform-sensitive assays are not reliable and manufacturers
are suggested to provide an appropriate conversion factor if both
measures are given (3, 81). Guidelines and consensus statements also
define clinical assays using an antibody for a unique non-repetitive
epitope in apo(a), i.e. recognizing each Lp(a) particle once that re-
port in molar units as ideal for Lp(a) measurements (3). However,
generating such antibodies is difficult and assays mostly use polyclon-
al antibodies which recognize different epitopes leading to inaccu-
rate Lp(a) measurements (81). It’s also suggested that integrating
multiple calibrators spanning a range of sizes in the assay can at least
partly address this issue (3). But further standardization of Lp(a)
measurement is warranted. Meanwhile, earlier studies have failed to
detect the association between Lp(a) and IHD, due to the use of
fresh-frozen plasma samples stored for years, which resulted in false
lower concentrations of Lp(a) (83).

Prevalence of high Lp(a)

Distribution of Lp(a) in the general population, as determined
by the Copenhagen General Population Study, is very positively
skewed direkt kaldirabiliriz bu ifadeyi with 80% of all the subjects
having Lp(a) levels <50 mg/dL. The rest, 20%, having levels =50 mg/
dL, proving that elevated Lp(a) is not a rarity (84).

Though Lp(a) is proven to be associated with many pathologies,
we still do not have enough epidemiological data providing the prev-
alence of high Lp(a) levels in many countries. INTERHEART study
has evaluated variations in Lp(a) concentrations and isoform sizes in
multiple ethnicities including African, Arab, Chinese, European, Lat-
in American, South Asian, and Southeast Asians by using an immu-
noassay (83). According to the INTERHEART investigators, Lp(a)
> 50 mg/dL was not associated with increased risk of MI in Africans
and Arabs, contrarily, South Asians and Latin Americans had high-
er population attributable risks. Additionally, mean Lp(a) concen-
tration was 27.2 mg/dL in Africans and only 7.8 mg/dL in Chinese
individuals with the lowest concentration among the studied popula-
tions. Also, Chinese and South Asians had greater isoform sizes when
compared to other populations.

The investigators of the Copenhagen Heart Study described
different median Lp(a) concentrations under 3 categories for their
cohort (33). In women with no history of ASCVD event, the mean
Lp(a) concentration was 18 mg/dL, in women with a previous his-
tory of MI, it was 24 mg/dL and finally, in women with IHD history
was 22 mg/dL. In men, the median values were 15 mg/dL for the
no event group and 17 mg/dL for both MI and IHD groups. Like
the INTERHEART study, Copenhagen Heart Study used polyclonal
antibody-based immunoassay (33, 83).

Another study published by Varvel et al. in 2016, in which 532,359
subjects whose records were in the databases in the United States
were evaluated, the mean Lp(a) for this group was 34 mg/dL, with
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the median of 17 mg/dL (19). Being in rapport with the Copen-
hagen Heart Study findings, Varvel et al. found that females had a
higher mean Lp(a) when compared with the males (with 37 mg/dL
vs 30.7 mg/dL, respectively (19, 33).

In whom should we have Lp(a) measurement?

Current guidelines recommend that Lp(a) should be measured
at least once in an adult’s lifetime, preferably in the first lipid profile,
to identify those with high ASCVD risk (2, 3). Lp(a) measurement
is more valuable especially in patients with premature ASCVD (men
<55 years, women <60 years), family history of premature ASCVD,
FH, or recurrent ASCVD even on optimal statin therapy to deter-
mine ASCVD risk and characterization of dyslipidemias (2). Incorpo-
ration of Lp(a) level in risk assessment has been shown to recuperate
risk stratification, especially for those with very high levels of Lp(a)
(>99th percentile) in 31%-63% of whom were reclassified from mod-
erate to higher risk (3, 85). Guidelines also recommend its measure-
ment in patients with aortic valve stenosis (3).

For children, Lp(a) screening is recommended in only cases with
a history of ischemic stroke or a family history of premature ASCVD
or elevated Lp(a) with no other identifiable risk factors (3, 86). In the
setting of FH, family history of very high Lp(a), and personal or fami-
ly history of early ASCVD, systematic or opportunistic screening, espe-
cially the cascade screening is also suggested (3). As Lp(a) levels may
increase until adulthood repeated testing may be required (3, 15).

For adults it is not necessary to include Lp(a) in the traditional
lipid profile in repeated measurements, as Lp(a) serum and plasma
concentrations do not exhibit significant variations over time and
in response to food intake (3, 18). Some instances, in which varia-
tions can be expected are transition to menopause, oral contracep-
tives, pregnancy, hypothyroidism, chronic kidney disease, nephrotic
syndrome, growth hormone treatment, and specific Lp(a)-lowering
treatment. Inflammation can also cause mild increases in circulating
Lp(a) levels (18). Another cause of significantly increased Lp(a) lev-
els is bariatric surgery, especially within the 12 months following the
surgery, however followed by an overall decrease in Lp(a) levels (87).

What should be the goal for Lp(a) reduction?

Though the association between Lp(a) and ASCVD outcomes is
linear, determining a threshold level of Lp(a) which can be applied
to every individual is a challenge, as risks associated with Lp(a) plas-
ma concentrations are affected by many factors including the struc-
tural differences of Lp(a), LDL-C levels, underlying cardiovascular
or metabolic disease (3, 18) etc. However, many centers measuring
with mass-dependent methods uses 30 mg/dL, while many others
using mass-independent methods use 72 nmol/L as a threshold for
increased atherosclerotic risk (3, 18, 33). Contrarily, it is known that
plasma Lp(a) levels greater than 24 mg/dL puts the individuals at an
increased risk for CAD (88), so using 30 mg/dL threshold will even-
tually result in overseeing the risk of CAD for individuals who has
Lp(a) plasma levels greater than 24 mg/dL but lesser than 30 mg/
dL. As INTERHEART study proved Lp(a) > 50 mg/dL, on the other
hand, is not associated with increased risk of MI in African and Arab
individuals, yet, may put a South Asian or Latin American individu-
al at a great risk, so when setting a threshold for Lp(a), population
difference is another issue to be considered (3, 83, 88). Additionally,
baseline and on-statin elevated levels of Lp(a) in Chinese patients
with heterozygous FH are associated with cardiovascular events (89).

A recent Mendelian randomization analysis estimated that the
same effect size achieved by a 38.67 mg/dL lowering of LDL-C can
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be achieved with a Lp(a) reduction of 65.7 mg/dL (90). Addition-
ally, it is already known that the contribution of Lp(a) to the risk
attributed to the LDL-C is less relevant with lower Lp(a), however,
when Lp(a)>50 mg/dL, 14% of the risk attributed to LDL-C is due
to Lp(a), with Lp(a)>100 mg/dL, the risk attributed is 28%. This
attribution is especially important when treating high-risk patients
with elevated Lp(a) and trying to achieve the LDL-C targets of <70
mg/dL while the measured LDL-C levels might be higher than the
exact LDL-C, due to the contribution of Lp(a) (91, 92). As choles-
terol enclosed in Lp(a) and LDL-C particles cannot be separated,
reported collectively as LDL-C concentration. Analyses of isolated
Lp(a) particles denoted that cholesterol accounts for 30%-45% of
Lp(a) mass concentration (3, 93, 94). Therefore, Lp(a)-cholesterol is
estimated by multiplying Lp(a) mass (mg/dL) by 0.3 and used to cor-
rect LDL-C with the formula (=Lp(a)-cholesterol-corrected LDL-C)
(3). However, estimated Lp (a)-cholesterol shows 6% to 60 % varia-
tion from the direct measured Lp(a)-cholesterol (95), thus routine
correction of LDL-C for Lp(a)- cholesterol is not recommended (3).

All considered, a stratified approach for the evaluation of indi-
viduals with elevated Lp(a) by risk factors, polymorphisms, ethnicity
etc., as done for LDL-C in the 2019 EAS/ESC Guidelines on Manage-
ment of Dyslipidemias, might be necessary, while a single threshold
does not seem to be effective for determining the risk for everyone.
To do so, studies targeting Lp(a) as a single risk factor wouldn’t be
enough but studies handling combined risk factors might prove to be
useful (2, 3). EAS 2022 Lp(a) consensus panel accepts a pragmatic
approach, with Lp(a) cut-offs to ‘rule out’ (<30 mg/dL or <75 nmo-
1/L) and ‘rule-in’ (>50 mg/dL or >125 nmol/L) the ASCVD risk (3,
96). Panels also defines Lp(a) levels ranging 75-125 nmol/L (30-50
mg/dL) as a relevant grey zone, when considering Lp(a)-attributa-
ble risk in the presence of other risk factors in risk stratification (3,
96). And finally, panel highligths that Lp(a) plasma concentration is
sufficient to estimate the Lp(a)-related risk without need for further
analysis including genotyping, polygenic risk scores, or investigation
of expressed apo(a) isoform sizes (97).

Interventions to reduce Lp(a) levels

Lp(a) has not received much attention for many years as a lipid
fraction without an effective therapeutic agent, meanwhile nicotinic
acid and Lp(a)-apheresis were the only treatments available for high
Lp(a) with limited use. Table 3 depicts the summary of lipid modify-
ing therapies and their effect on Lp(a) levels.

Effect of conventional LLT on Lp(a)

Conventional lipid-lowering therapies including statins, eze-
timibe, and fibrates reduce ASCVD risk without affecting Lp(a) lev-
els. Conversely, nicotinic acid reduces Lp(a) without substantially
changing cardiovascular risk.

Statins. Clinical Statin trials denote varied effects on Lp(a) lev-
els (3, 98).Rosuvastatin had no effect on median Lp(a) levels, and
shifted the overall distribution of Lp(a) to higher percentiles in
the JUPITER trial (98). Moreover, rosuvastatin showed similar car-
diovascular benefits in those with higher and lower levels of Lp(a).
Similarly, statin therapy did not significantly change Lp(a) levels in
a meta-analysis covering 7 placebo-controlled statin trials (n=29,069
patients) (91) and there was a significant relationship between Lp(a)
levels and ASCVD risk despite statin therapy. Another meta-analysis
enrolling 6 statin trials with overall 5256 patients showed a significant
increase of Lp(a) levels ranging from 8.5% to 19.6% in statin groups
where the increase was more pronounced with atorvastatin therapy
than the other statins. The investigators also showed that incubating
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HepG2 hepatocytes with atorvastatin increased the expressions of
LPA mRNA and apo(a) (99). Conversely, a meta-analysis of 39 pla-
cebo-controlled trials with various statins covering 24,448 subjects
demonstrated a non-significant increase of 0.1% in Lp(a) levels with
statin therapy compared to controls with no significant differences
among individual statins. Intensities of statin therapies also did not
differ regarding Lp(a) lowering effect (100, 101).

Nicotinic acid (Niacin). Nicotinic acid is an essential micronutri-
ent, that has favorable effects on all lipid profile at pharmacologic
doses. Nicotinic acid was so far the only known therapeutic agent
able to lower Lp(a) levels (3). However, this drug could not find a
place as a Lp(a) lowering agent in clinical practice due to low tol-
erability. Moreover, its effect on Lp(a) was prominent at only very
high baseline levels which was in overall less than 30% reduction.
A meta-analysis of 14 randomized placebo-controlled trials showed
extended-release niacin reduced Lp(a) by a mean of 23% (102).
The effect of niacin to lower Lp(a) concentration is likely due to
decreased apo(a) production rate (3, 98). This Lp(a) lowering ef-
fect was only limited to lower molecular weight apo(a) containing
isoforms (103).

Two placebo-controlled trials (AIM-HIGH and HPS2-THRIVE)
have evaluated the effect of extended-release niacin (with or without
the anti-flushing agent laropiprant) added to background simvasta-
tin treatment on ASCVD events. Neither trial showed cardiovascu-
lar efficacy of niacin and HPS2-THRIVE, documented increase of
non-cardiovascular adverse events. In AIM-HIGH, Niacin reduced
Lp(a) by a placebo-corrected mean of 19.6%, with greater absolute
Lp(a) reduction as baseline Lp(a) concentration increased (104).
However, there was no interaction of baseline Lp(a) and treatment
on cardiac adverse events. In HPS2-THRIVE Lp(a) was reduced with
niacin/laropiprant to a similar extent as with niacin in AIM-HIGH
(101). In the light of these data denoting no cardiovascular benefit,
and high adverse events, niacin is no more recommended for Lp(a)
lowering (3, 98). Meanwhile, niacin, is no longer in use as it didn’t
provide clinical evidence regarding its benefit as a substitute to stat-
ins over statins alone (3, 98).

Other agents. The effect of ezetimibe on Lp(a) is not clear (3,
98). A meta-analysis covering 10 trials of ezetimibe showed no effect
on Lp(a) levels either with ezetimibe monotherapy or combined
with a statin (105). However, ezetimibe monotherapy significantly
decreased Lp(a) level by only 7.1% in a meta-analysis of 7 trials, but
such a small reduction in Lpa(a) could be ignored to be clinically
significant (106). Similarly, bile acid sequestrants have no significant
effect on Lp(a) levels (3, 98). Interestingly an inverse relationship be-
tween plasma triglycerides and Lp(a) levels has been observed (98).
Thus, fibrate therapy may be associated with an increase in Lp(a) in
patients with severe hypertriglyceridemia. However, fibrates do not
substantially change Lpa(a) therapy (107).

New lipid modulating agents and Lp(a)

PCSK9 inhibitors. Proprotein convertase subtilisin/kexin type
9 (PCSK9) binds to LDL-receptor and promotes ingestion of LDL
particles into the cell, which results in decreased LDL-C concen-
trations. The blockage of PCSK9 leads to an increased number of
LDL-receptors on the cell surfaces to remove LDLs from circulation.
Monoclonal PCSK9 inhibitors along with LDL-C, also decrease Lp(a)
levels by 19-27% (108-112). The mechanisms of this decrease remain
uncertain, but suggested to include increased receptor-mediated
clearance, decreased production of apo(a), and/or decreased Lp(a)
particle assembly due to reduced availability of apo-B (3, 98).

Monoclonal PCSK9 inhibitors comprise the only approved drug
class that has been shown to reduce both the Lp(a) levels and the
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Table 3 | Lp(a) targeting therapeutics, their mechanisms of action, and their effects on Lp(a) levels.

Mechanism of Action Effect on Lp(a) level

Conventional Lipid Modifying Agents

Lipoprotein(a)

Effect on ASCVD risk

Statins HMG-CoA reductase Results in increase of Lp(a) levels in Reduced 20-30%
inhibition low molecular weight apo(a) containing
isoforms, however resulted in no change
in high molecular weight isoforms
Possible increase, 0-10%
Ezetimibe NPCI1L1protein inhibition Possible reduction, 0-7% Reduced 6% when

added to statin therapy

Bile acid sequestrants Decrease reabsorption No effect Reduced 20%
(Cholestyramine, Colestipol & of bile acids
Colesevelam) Reduce cholesterol content
in hepatocytes
Nicotinic acid (Niacin) Hormone-sensitive lipase %20-28 only in low molecular weight Neutral
inhibition in adipose tissue apo(a) containing Lp(a), high molecular
weight containing isoforms are not
affected
Opverall reduction, 20%
Fibrates Minimal, possible increase in the ~ Reduced 22% with gemfibrozil Variable

Bempedoic acid

setting of hypertriglyceridemia monotherapy, non-significant reduction

with fenofibrate
Novel Lipid Modifying Agents

ACL inhibition No effect

Under investigation

Alirocumab Monoclonal PCSK9 inhibition Reduction, 20-30% Reduced by 15%
Evolocumab
Inclirisan SiRNA inhibiting the translation ~ 15-26% reduction in standard deviations
of PCSK9 depending on the dosing regimen
Lerodalcibep PCSKO9 inhibition Ongoing Phase 3 studies comparing safety Unknown yet

and efficacy with Evolocumab

CETP inhibitors

Cholesteryl ester transfer
protein inhibition

Reduction up to 25%

Favorable anacetrapib
neutral dalcetrapib &
evacetrapib; unfavorable
torcetrapib

Lomitapide MTP inhibition 15% reduction (in addition to the standart Reduced in HoFH
treatment regime in HoFH)
Evinacumab Monoclonal antibody targeting 5.5+4.0 % reduction from the baseline
ANGPTL3
Mipomersen ASO targeting Apo B100 Reduction, 20-25% Not determined

Pelacarsen (formerly

AKCEA-APO (a)-L,,, TQJ230)

synthesis
Targeted LPA therapeutics

ASO targeting LPA mRNA in liver  35-80% reduction depending on the
dosing and timing of the regimen

Phase 3 outcomes RCT
is ongoing-HORISON

Olpasiran (formerly AMG-890, siRNA to apo(a) Phase 1-2: reduction, 70-98% Phase 2 ongoing Phase
ARO-LPA) 3 underway (OCEANS)
SLN360 siRNA to apo(a) Phase 1: reduction, 46-98% Phase 2 planned

Only patients with Lp(a) = 150 nmol/L
is planned to be included in the study.
The study is still in Phase 1.
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Mechanism of Action

Lp(a) Apheresis Removal of apo-B containing

lipoproteins

Lipoprotein(a)

Effect on Lp(a) level Effect on ASCVD risk

Observational data
suggest a substantial
clinical benefit

50-75% reduction, depending on

the method, with dextran sulphate
immunoadsorption providing the most
prominent decrease by 72%

Drugs other than lipid modifying agents

Aspirin Reduction of the expression None to 30% reduction Mortality reduction
of apo(a) of 25% in high-risk
patients
HRT Estrogens reduce the Almost 20-25% reduction; None

transcription of the LPA gene

Decrease is greater with oral

vs transdermal estrogen.

No difference between continuous
vs cyclic HRT

ACL: Adenosine triphosphate-citrate lyase; ANGPTL3, angiopoietin-like protein 3; Apo: Apolipoprotein; ASCVD: Atherosclerotic cardiovascular
disease; ASO; Antisense oligonucleotide, FH, familial hypercholesterolemia, HRT: Hormone Replacement Therapy HoFH, homozygous FH;
LDL.: low-density lipoprotein, LDLR; low-density lipoprotein receptor, MTP; microsomal triglyceride transfer protein; NPC1L1; Niemann-Pick
Cl-like 1 protein PCSK9; pro-protein convertase subtilisin/ kexin 9. SiIRNA; Small interfering RNAs,

risk of cardiovascular events (3). Two cardiovascular outcomes trials
which evaluated the effects of PCSK9 monoclonal antibodies, added
to statin therapy, resulted in 27% (FOURIER Trial) and 23% (OD-
YSSEY OUTCOMES Trial) decrease in circulating Lp(a) levels (109,
112). Absolute Lp(a) reductions were directly related to baseline lev-
els. Moreover, the reduction in ASCVD risk with PCSK9 inhibition
was observed in patients with elevated Lp(a) levels, and was achieved
with only 16-22% reduction of Lp(a) levels in the highest baseline
Lp(a) quartile (3, 98, 109, 110, 112). Moreover, the reduced risk of
major adverse limb events including acute limb ischemia, major am-
putation, or urgent limb revascularization for ischemia observed with
PCSK9 inhibition was strongly associated with the baseline Lp(a) lev-
el but not with LDL-C levels in ODYSSEY OUTCOMES trial. Further-
more, a meta-analysis of the FOURIER and ODYSSEY OUTCOMES
trials showed a consistent, favorable effect of PCSK9 inhibition on
the incidence of venous thromboembolic events. Interestingly this
benefit was evident when the baseline Lp(a) was higher than the
median of 37 nmol/L despite the similar reductions in LDL-C with
evolocumab in both Lp(a) categories (higher and lower than the me-
dian 37 nmol/L) (113).

Inclisiran is a small interfering RNA (SiRNA) reducing PCSK9 syn-
thesis with the potential advantage of twice-yearly dosing (98). Inclisir-
an provides similar Lp(a) and LDL-C reductions as monoclonal PCSK9
inhibitors. Lp(a) levels were reduced by 25.6% and 18.6%, in the ORI-
ON-10 and ORION-11 trials respectively (114). The ongoing ORION-4
trial will address the potential benefit of inclisiran on ASCVD events.

Bempedoic acid. Bempedoic acid is an oral adenosine triphos-
phate citrate lyase inhibitor decreasing synthesis of cholesterol in the
liver, thereby upregulating the LDL-receptors. Bempedoic acid has
been shown to safely decrease LDL-C and improve cardiovascular
outcomes, however it has no shown definite effect on Lp(a). Similar
to statins the phase 2 data of bempedoic acid denotes a non-signifi-
cant small increase in Lp(a) (115).

Mipomersen. Mipomersen is an antisense-oligonucleotide (ASO)
targeting apo-B with a significant LDL-C lowering effect. Weekly in-
jections of mipomersen has been shown to decrease Lp(a) levels by
21% in a study of 14 healthy individuals and by 26% in patients with
or without FH in a meta-analysis of 4 trials (116, 117).

CETP inhibitors. Cholesteryl ester transfer protein (CETP) me-
diates the transfer of cholesteryl esters from HDL to apo-B contain-
ing particles, thereby raising the levels of HDL-C. These agents also
lower Lp(a) levels and potent CETP inhibitors (except dalcetrapib)
decrease apo-B and LDL-C (98). Torcetrapib and dalcetrapib lead
to almost a 10% reduction in Lp(a) levels, while anacetrapib and
evacetrapib induce a 25-31% decrease (98).The reduction in Lp(a)
with anacetrapib, was documented to be due to reduced apo (a)
production (118). Despite substantial lipoprotein changes, only an-
acetrapib demonstrated a modestly favorable clinical effect. Com-
pared to placebo, anacetrapib significantly induced a 17% decrease
in LDL-C levels, 25% in Lp(a) levels, and 9% reduction in the risk
of MACE (98, 119). But CETP inhibitors are not approved for ther-
apeutic use.

Targeted LPA therapeutics

Novel ASOs and small interfering RNA (siRNA) molecules, tar-
geting apo(a) production in hepatocytes is underway as Lp(a) lower-
ing therapeutics. These agents are currently investigated for efficacy,
safety, and ASCVD outcomes in clinical trials.

Pelecarsen, is an ASO agonist apo(a)-mRNA that is conjugated
to N-acetylgalactosamine (GalNAc), which enables specific targeting
to hepatocytes. This technology provides enhanced potency, less tox-
icity, and infrequent dosing (3, 98). Pelecarsen therapy is associat-
ed with sustained dose-dependent Lp(a) reductions of 35-80% in
patients with Lp(a) 260 mg/dL (2150 nmol/L) and ASCVD (120).
In early trials, mean decreases of 80% and 72% were reported with
pelacarsen injected 20 mg weekly and 60 mg monthly, respectively,
with 98% and 81% of participants attaining Lp(a) levels <125 nmo-
1/L at the end of the study with mild adverse events related to the
mild injection-site reactions (98, 120). The ongoing Horizon study
(NCT04023552) will address the effect of lowering Lp(a) with
pelacarsen on ASCVD outcomes in patients with established cardio-
vascular disease and elevated Lp(a) (270 mg/dL). Another trial on
patients with GFR<30 ml/min/1.73m? is underway (121). So far, no
difference has been reported regarding the efficacy of pelacarsen on
Lp(a) isoforms (122).

Oplesiran is a GalNAc-conjugated siRNA with a Lp(a) lowering
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effect ranging between 71% and 97% in patients with baseline Lp(a)
270 nmol/L to <199 nmol/L after the administration of a single-
dose (123). Studies denote a favorable safety profile (97). The phase
3 trial investigating cardiovascular outcomes (OCEANS Study) is un-
derway. Another GalNAc-conjugated siRNA (SLN360, Silence Thera-
peutics) is in early development (124).

Lp(a) apheresis. Lipoprotein apheresis selectively eliminates
apo-B containing particles including Lp(a). An apheresis session
may lead to 50-75% acute Lp(a) reduction depending on the
method used (125). Due to the lack of effective Lp(a)-lowering
agents, in clinical practice Lp(a) apheresis is accepted as the most
effective means of Lp(a) lowering therapy. With the special im-
mune-adsorption polyclonal antibody columns being available
since 1993, a large amount of experience is now present in some
specialized centers. However, the awareness of Lp(a) as an AS-
CVD risk factor is extremely low, consequently Lp(a) apheresis
therapy is still not of widely available. Moreover, clinical benefits
of Lp(a) specific apheresis requires more evidence in terms of
effectivity in patients with isolated high Lp(a) (125), although it’s
known” known that Lp(a) specific apheresis can resultin coronary
atherosclerosis and carotid intima-media thickness regression if
practiced consecutively for 18 months, provided that the patients
reach their LDL-C goals (126). Lp(a) apheresis also attenuates
refractory angina and provides improvement in atheromas, exer-
cise capacity, and myocardial perfusion in patients with extremely
high Lp(a) levels (>500 mg/dL) after 3 months of weekly apher-
esis (127, 128). Given the invasive nature of the procedure, large
randomized controlled trials are lacking, but cumulative, consist-
ent observational and cohort data denote an important role of
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Lp(a) apheresis in the secondary prevention of those with high

Lp(a) (125-128).

Drugs other than lipid-modifying agents

Aspirin. Aspirin was shown to reduce the expression of apo(a)
in cultured liver cells (129). An observational study of prospective
use of aspirin (81 mg/day) in 70 subjects with a history of ASCVD
showed a 15% decrease in Lp(a) levels from baseline in those with
Lp(a) levels > 30 mg/dL (130). However, in a placebo-controlled
study of 56 patients with chronic ASCVD, aspirin showed no effect
on Lp(a) levels over 3 months of therapy, irrespective of the base-
line concentrations (98,130). Interestingly, Women’s Health Study,
also showed that aspirin reduced the risk of MACE in minor allele
carriers of rs3798220 in the LPA gene, but not in non-carriers, with a
significant interaction of carrier status and treatment (131). Of note,
1rs3798220 in the LPA gene is associated with high circulating Lp(a)
levels. These scarce data may denote a possible benefit of aspirin on
the prevention of MACE associated with Lp(a) levels. But prospective
testing of this hypothesis is warranted.

Hormones. Anabolic steroids and estrogen treatment may de-
crease Lp(a), but the clinical benefit of this effect is uncertain.
Though unblinded or uncontrolled studies denote an association
between testosterone treatment and Lp(a) reduction, RCTs did not
confirm such an association (3, 98, 132).

Estrogen and its analogues reduce the transcription of the LPA
gene. Women already on hormone replacement therapy (HRT) have
modestly lower Lp(a) levels compared to those not receiving HRT
(9.4 mg/dL vs 11.6 mg/dL, respectively) in the baseline evaluation
of Women’s Health Study (133). Meta-analysis also revealed similar
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results that HRT in post-menopausal women is associated with a 25%
decrease in Lp(a) levels (134). In the Heart and Estrogen/progestin
Replacement Study (HERS), though Lp(a) levels were reduced there
was no overall benefit of HRT with regard to MACE in post-menopau-
sal women with THD (135).

Thyroid hormone analogues such as eprotirome may result in a
significant dose-dependent reduction of Lp(a) up to 55% if combined
with statins, however 6-month treatment with levothyroxine may also
lower Lp(a) to some extent, in patients with primary hypothyroidism
(3, 18, 98). Liver selective thyromimetics are being focused for treat-
ment of nonalcoholic steatohepatitis. These agents also have benefi-
cial lipid effects covering Lp(a), without adverse extrahepatic effects.

Conclusion

We are increasingly recognizing the importance of Lp(a) and
cardiovascular pathologies, however we neither have a standardized
measurement method nor an appropriate agent to intervene with
this old threat that we have recognized 60 years ago (136). Itis imper-
ative to extend our knowledge about Lp(a), standardize its measure-
ment, and make sure that it finds its well-deserved place in the daily
clinical practice to prevent further ASCVD events.
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ABSTRACT

Keywords The nutraceutical approach to moderate hypercholesterolaemia is an interesting option in the context of appropriate
Nutraceutical; conditions associated with low cardiovascular risk, and red yeast rice (RYR) extract is one of the most utilized prod-
hypercholesterolaemia; ucls in this field. Monacolin K, the RYR main active component, reduces serum LDL-C levels via inhibition of B-Hy-
red yeast rice; droxy B-methylglutaryl-CoA reductase, similarly to statins. In 2011, EFSA approved the claim regarding monacolin
monacolin K; K from RYR extract and maintenance of normal cholesterol levels. However, in 2018, EFSA issued a warning about

LDL-cholesterol;
phytosterol;
berberine; probiotics

potential adverse effects of this nutraceutical and, in 2022, the Furopean Commission published a Regulation with
several limitations of its use. Therefore, current research and development efforts are aiming at assessing efficacy and
safety of other known and novel nutraceutical products which may benefit patients with moderate hypercholesterolae-
mia. These active agents range from phytosterols, probiotics and berberine to bergamot, cabbage, artichoke extracts and

@@@@ soy protein. Moreover, plant extracts from traditional medicine, for example from African countries, are also a subject
© D T s of study in this field. The full clinical exploitation of many of them, however; still requires robust clinical evidence,
Published by SITeCS which should be the objective of future research.

Recetved 12 November 2022; accepted 28 December 2022

Introduction the CVD risk (9). Therefore, the adjustment of these modifiable fac-
) ) ) tors could help in limiting the development and in preventing of
Cardiovascular disease (CVD) is the first cause of death world- CVD (10, 11). Atherosclerosis is the dominant cause of CVD and re-

wide and is specifically linked to increased premature mortality and sults, when combined with thrombosis, in severe atherosclerotic CVD

raised health care costs (1). CVD prevalence has gradually increased (ASCVD). Atherosclerosis is the result of several different pathophys-
over the last decades, along with the number of associated deaths, iological events, including the deposition of cholesterol crystals at
largely due to modifiable risk factors (2). According to the compara-  pe Jevel of the intima layer in the arteries, subsequently combined
tive risk assessment analysis provided by the Global Burden of Diseas- with a fibrous layer comprising smooth muscle cells, leukocytes, and
es, Injuries, and Risk Factors Study (1), high systolic blood pressure connective tissue (12). As a direct consequence, lipid-lowering based
has been identified as the leading CVD risk factor, followed by un- therapy is indeed considered the first choice in patients with hyper-
healthy diet related risks (3), high low-density lipoprotein cholester- cholesterolaemia, combined or not with hyperlipidaemia (13-15).
ol (LDL-C) and fasting glucose plasma levels, high body-mass index, Lipid-lowering drugs include 3-hydroxy-3-methylglutaryl-coenzyme
smoking (4), alcohol abuse (5), and physical inactivity (6). Moreover, A (HMG-CoA) reductase inhibitors (statins), Proprotein Conver-
sleep quality (7), and psychological stress (8) contribute to increase tase Subtilisin/Kexin type 9” (PCSK9) inhibitors, bempedoic acid,
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fibrates, bile acid sequestrants (anion exchange resins), niacin (nico-
tinic acid), and selective cholesterol absorption inhibitors (e.g., eze-
timibe) (15-17). Moreover, there is evidence of reduction of CVD risk
by lifestyle modifications (18, 19), mainly focused in the control of
LDL-C levels (20), and that lifestyle modification is recommended as
the first line of management for subjects with LDL-C level up to 116
mg/dL, if at low CVD risk (SCORE <1%), or with lower LDL-C level,
if at greater CVD risk (13). It is well known that the long-term pre-
scription of lipid-lowering drugs could be associated with side effects
(21), such as hepatotoxicity (22) and myopathy (23, 24), in addition
to the increased risk of type 2 diabetes mellitus (T2DM) (25, 26).
To overcome this issue, it has been recently identified a “treatment
gap” between lifestyle changes and the standard drug therapy. This
gap could be filled up by nutraceuticals (27), which are defined as “a
food or part of a food that provides benefits to health in addition to
its nutritional content”, and thereby could be used as an alternative
or in addition to pharmacological therapy (28). More specifically, nu-
traceuticals have been thought to help in preventing illness onset of
avariety of pathological conditions such as hypertension (29), T2DM
(30), hypertriglyceridemia (31), or hypercholesterolaemia (32, 33).
In this review we discuss the current nutraceutical approaches for
mild or moderate hypercholesterolaemia, focusing our overview on
red yeast rice (RYR) extract/monacolin K properties and critical is-
sues and on the nutraceutical alternatives to this popular product for
hypercholesterolemia.

Red yeast rice extract

Red yeast rice (RYR) extract is one of the most frequently used
nutraceuticals for the management of mild/moderate hypercholes-
terolaemia. It is the product of Monascus purpureus yeast’s fermenta-
tion of red rice (Oryza sativa). This fermentation process produces
monacolins, about 2% in the commonly used RYR extract, and one
of their subtypes is monacolin K. This is structurally identical to lovas-
tatin, which was first isolated (under the name of mevinolin) at the
end of the 1970s from the fungus Aspergillus terreus (34). The main
mechanism of action of monacolin K is the inhibition of the pB-Hy-
droxy B-methylglutaryl-CoA (HMG-CoA) reductase enzyme, a key
player of the endogenous cholesterol synthesis pathway (Figure 1),
making RYR a highly effective cholesterol-lowering nutraceutical on
the market.

However, the pharmacokinetics and bioavailability of different
RYR extract preparations may differ according to relative abundance
of the several active components, which may affect the pharmacoki-
netic profile of monacolin K. On September 1987, the American
Food and Drug Administration (FDA) approved lovastatin as a drug
for clinical use under the name Mevacor. In 2011, the European
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Food Safety Authority (EFSA) and the European Commission (EC)
declared the existence of a causal relationship between the daily in-
take of monacolin K from RYR and the maintenance of normal con-
centrations of LDL-C in the blood (https://www.efsa.europa.eu/it/
efsajournal/pub/2304) (Figure 2). Both EFSA and the EC raised the
warning that the RYR formulations could contain impurities, such
as citrinin, which is a mycotoxin metabolite derived from Monascus
purpureus fermentation (35). Several animal studies demonstrated
that the chronic use of citrinin is nephrotoxic and gradually leads
to hyperplasia of the renal tubular epithelium, renal adenomas, and
sometimes to malignant renal tumors. Furthermore, citrinin may
cause reproductive toxicity, malformations, or even embryo toxicity
(36). In consideration of the presence of these impurities, in 2014
the EC established the maximum acceptable level of citrinin in food
supplements based on rice fermented with Monascus purpureus as
2,000 pg of citrinin/1 kg of food supplement (EFSA Panel on Con-
taminants in the Food Chain (CONTAM)). Scientific opinion on
the risk for public and animal health related to the presence of cit-
rinin in food and feed. https://www.efsa.europa.eu/it/efsajournal /
pub/2605). In 2018, EFSA approved the opinion that monacolin K
in the form of lactone is identical to lovastatin, a drug used in the
treatment of hypercholesterolaemia. EFSA stated that taking mon-
acolin K from RYR in the form of dietary supplements can lead to
monacolin K exposure equal to therapeutic doses of lovastatin and
has therefore emphasized the possibility of adverse reactions similar
to those occurring while using lovastatin. Furthermore, the infor-
mation available to date on adverse reactions are sufficient to state
that RYR monacolins used in food supplements at doses of 20 mg/
day could cause serious health issues (37). Eventually, on October
2022, the EC reported that the label of nutraceuticals containing
RYR extract must include the following warnings: “this food should
not be consumed in a daily dose equal to or greater than 3 mg of
monacolins; it must not be consumed by pregnant or in breastfeed-
ing, by children below 18 years old and by adults of over 70 years old,
by patients already taking statins and by people consuming other
products containing RYR” (Commission Regulation (EU) 2022/860
- Publications Office. https://eurlex.europa.eu » TXT > PDF > uri=-
CEL...P). Nowadays, according to the above presented reasons the
suggested dose of monacolins is below 3 mg. In consideration of
these restrictions in the use of the RYR extracts, its future remains
uncertain, although it seems that patients willing to pay for a natural
alternative to statins are more compliant to therapy than those on
conventional treatment (38).

In conclusion, the administration of RYR extract with low dose of
monacolins (3 mg) could be considered a “relatively” safe nutraceu-
tical with the aim of improving the CVD risk profile in those patients
who have a mild or moderate hypercholesterolaemia. RYR should

HMG-CoA
reductase

HMG-CoA

Mevalonate

Cholesterol

O

RYR

(Monacolin K)

Figure 1 | Mechanism of action of monacolin k from red yeast rice (RYR) extract. HMG-CoA, B-Hydroxy B-methylglutaryl-CoA.
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Figure 2 | Timeline of regulatory activities related to red yeast rice extract use. EFSA, European Food Safety Authority; EC, European Commission.

not be used, alone or in association with others hypocholesterolemic
agents, when statins are not well-tolerated or when an evident noce-
bo effect is diagnosed (39). However, the available evidence supports
that a large use of RYR should be still limited and RYR supplements
should never replace statins or the other pharmacological approach-
es as first therapeutic option to effectively lower CVD risk (40).

Red yeast rice extract in combination
with other active components

Similarly to canonical drug strategies, also in the case of RYR
extract it has been demonstrated that treatment with a combination
of active nutraceutical components with different mechanisms of
action leads to an additive effect (32). A list of the main nutraceuti-
cal products for the treatment of moderate hypercolesterolaemia is
shown in Table 1. For example, RYR extract has been used in com-
bination with berberine, policosanol, astaxanthin, coenzyme Q10,
and folic acid (41). Moreover, RYR extract has also been combined
with the probiotic Bifidobacterium Longum BB536 (42, 43). Policosa-
nols are a mixture of waxy alcohols derived from a variety of plants.
They inhibit cholesterol synthesis by activation of AMP-kinase and
modulating HMG-CoA reductase activity in hepatoma cells and

cultured fibroblasts, respectively, showing different mechanisms of
action (44, 45). Astaxanthin is a carotenoid providing a pink color
characteristic of few species and it is one of the most powerful bi-
ological antioxidant compounds. This molecule is able to prevent
the infiltration of peroxidized LDL-C into the arterial intima and
the formation of atherosclerotic plaques, thanks to its free radical
scavenging activity. Due to these characteristics, astaxanthin protects
cell membranes, LDL-C, endothelium of blood vessels and tissues
against lipid peroxidation and oxidative damage (46). RYR, astaxan-
thin and policosanols were tested alone and in combination, using a
model of experimental atherosclerosis elicited in rabbits with a cho-
lesterol-enriched feed. It was shown that this combination of com-
pounds could lead to additive or synergistic health effects, thanks
to the different mechanism of action of each compound (47). Ber-
berine is an isoquinoline alkaloid plant extract that has historical-
ly been used in traditional Chinese medicine. Berberine has been
associated with hypolipidemic, anti-inflammatory and hypotensive
properties, resulting in antiatherosclerotic effects. Berberine is also
associated with serum glucose level reduction, increased expression
of LDL receptors and reduction of serum cholesterol concentration
by inhibiting lipid synthesis (48, 49).

Treatments with nutraceutical combinations containing chitosan,

Table 1 | Summary of the features of the main nutraceutical product for the treatment of mild/moderate hypercholesterolaemia, features based

on evidence.

Nutraceutical LDL-C reduction (%) Mechanism of action Daily dose Evidence level Recommendation class Reference

RYR extract -15 to 25 LDL synthesis inhibition (HMG-CoA reductase inhibition) 3 mg (monacolin k) A lla 51
Plant sterol/stanols r -12 Absorption inhibition 1500-3000 mg B IIb 54
Berberine r -15 LDL excretion Improvement (AMPK activation, other) 500-1500 mg A | 62

Soy protein r -5 LDL excretion Improvement (various mechanisms) 25-100 g A Ilb 71
Artichoke r -10 AMG-CoA reductase inhibition, anti-inflammatory/anti-oxidant, othe 1-3g B lla 84
Probiotics r -5 Absorption inhibition (various mechanisms) dependent on strain B IIb 91
Bergamot r -15 AMG-CoA reductase inhibition, anti-inflammatory/anti-oxidant, othe 500-1000 mg B lla 84
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RYR and berberine significantly reduced non-HDL-C and LDL-C in
individuals with hypercholesterolaemia compared to placebo, with-
out changes of PCSK9 plasma levels (50).

Moving beyond RYR extract: alternative
nutraceutical products for the treatment of mild/
moderate hypercholesterolaemia

In consideration of the above-mentioned critical issues and lim-
itations in RYR extract use, a wide research effort has been devoted
to the validation and development of well-established novel nutra-
ceutical products with a good efficacy and safety profile. Some of
them have already been mentioned above, in combination with RYR
extract, while others are novel and have been proposed rightaway as
alternative options (51).

Phytosterols. Phytosterols are triterpenes usually classified as ster-
ols or stanols, according to the presence or absence of a double bond
in position 5. A relevant structural difference is present between
cholesterol and sitosterol, since the latter shows an additional ethyl
group at position C-24, probably responsible for its relatively poor
intestinal absorption (52, 53). The main mechanism responsible
for phytosterol-induced reduction in circulating cholesterol levels
resides in the competition with cholesterol for incorporation into
mixed micelles in the intestinal tract (54). Phytosterols are more eas-
ily hydrolysable than cholesterol, and this leads to a lower solubiliza-
tion of cholesterol into micelles, which decreases their absorption
and increases fecal excretion of cholesterol and its metabolites. The
cholesterol-lowering effect of phytosterols may be observed within a
few weeks of treatment and remains stable upon supplementation
(54). After interruption of phytosterol intake, circulating cholester-
ol concentrations return back to basal conditions (55). The reduc-
tion of cholesterol absorption in the intestine and reaching the liver
through the chylomicron pathway promotes a greater endogenous
synthesis of cholesterol as well as a greater uptake of plasma LDL-C
by hepatocytes, in order to maintain cholesterol homeostasis. Such
enhanced clearance of circulating LDL-C leads to a reduction of its
plasma concentration, which is around 2-3% for a low (300-400 mg/
day) dietary intake of phytosterols (56) and reaches an average of
9% for an intake of 1500-2000 mg per day (57). Greater dosages of
phytosterols up to 3 g/day have been shown to promote a 12-12.5%
reduction (53, 54). Recent meta-analyses of published trials (58) in-
dicate that the effect of the intake of phytosterols on plasma LDL-C
levels in humans is within the range indicated by EFSA in its 2008
Opinion (https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.
efsa.2008.781).

Berberine. Berberine is well known to be able to reduce intestinal
cholesterol absorption by increasing the elimination of cholesterol
through the faecal material and to stimulate the formation of bile
acids. It also stimulates adenosine monophosphate activated pro-
tein kinase (AMPK), which can limit the synthesis of fatty acids (59).
Berberine also increases glucose transporter-4 (GLUT-4) and gluca-
gon like peptide-1 (GLP-1) levels (60). Several studies reported that
three months of treatment with berberine (500 mg/day) results in
reduction of plasma concentrations of total cholesterol, triglyceride
and LDL-C and in increased concentration of HDL-C (61). More-
over, data obtained from a recent metanalysis of 19 clinical studies
showed a significant reduction in total cholesterol and LDL-C. As
regards HDL-C, a slight non-significant increase was observed (62).
Moreover, in vitro studies on HepG2 human hepatocarcinoma cell
line demonstrated that berberine inhibits the synthesis of choles-
terol and triglycerides (63) and reduces the gene and protein ex-
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pression of PCSK9 (64). Berberine has been shown to be safe in the
majority of clinical trials. In a small percentage of patients, berber-
ine has been reported to cause nausea, vomiting, constipation, hy-
pertension, respiratory failure and paresthesia; however, clinical evi-
dence of such adverse effects is not prominent in the literature. Rare
adverse effects including headache, skin irritation, facial flushing,
bradycardia have also been reported with the use of berberine (60).

Soy proteins. A large number of published studies has evaluated
the hypocholesterolaemic potential of a regular consumption of soy
protein. A health claim has been approved by the Food and Drug
Administration stating that diets low in saturated fat and cholester-
ol that substitute 25-30 g/day protein from animal sources with an
equal amount of soy protein, may reduce the risk of coronary heart
disease (65). Some evidence show that the cholesterol-lowering ef-
fect of soy derivatives is due almost entirely to soy protein, while iso-
flavones have only a limited effect on blood lipids, but could play a
key role in inflammation (66). In fact, the isoflavones are present
as B-glucosides, after ingestion the glycosidic bond is hydrolyzed by
the microbiota to release free aglycones, which can be absorbed or
further metabolized. Isoflavones or their metabolized forms could
enter in the blood circulation and act on endothelial function, in
particular daidzein, dihydrodaidzein (DHD), equol, O-desmethy-
langolensin (O-DMA), genistein (67). Soy proteins are largely com-
posed of storage proteins, and the two main components are known
as B-conglycinin (7S globulin) and glycinin (118 globulin) (68, 66).
The proposed cholesterol-lowering mechanisms of soy proteins are
still unclear and may include down regulation of the expression of
sterol regulatory element-binding protein (SREBP-1), modulation
of the PI3K/Akt/GSK3b pathways, decrease of cholesterol synthesis,
increase of ApoB receptor activity, modulation of the activity of bile
acids (69). Most randomized controlled trials that evaluated the li-
pidemic profile after purified protein diet in adults with normal or
moderate hypercholesterolaemia, resulted in a significant reduction
in total cholesterol (at least - 4%) and LDL-C (about - 6%) (70). It
should be noted that patients do not take soy protein in a purified
form; therefore, a novel approach was used in a recent study in which
patients were given whole soy foods (30 g of soy protein) possibly
commercially available, on a low lipid diet for 12 weeks. Compared
to a standard low-lipid diet with the same amount of animal protein,
there was a reduction of total cholesterol (-4.8%), LDL-C (-5.2%),
non-HDL-C (-7.1%) and apoB (-14.8%) levels in the circulation (71).
Products containing soy could have beneficial effects because of their
content of polyunsaturated fatty acids, fiber, vitamins and minerals
and their low SFA content (72). The role of soy in the reduction of
coronary artery disease remains controversial. As of today, EFSA has
concluded that the hypocholesterolemic effect of isolated soy protein
has not been established (73). In addition, the 2011 version of the
ESC/EAS Guidelines suggested that soy can be used as a substitute
for animal protein foods, despite the fact that LDL cholesterol lower-
ing is modest and greater than subjects with hypercholesterolaemia
(74). In contrast, the most recent 2019 version (75) downsized the
role of this nutraceutical: “LDL-C-lowering effect was not confirmed
when changes in other dietary components were taken into account”
(76). In conclusion, the evidence currently available in the literature
and the statements made by health agencies do not appear to reveal
a clinical importance of soy protein in the management of hypercho-
lesterolaemia.

Lupin proteins. Yellow lupin (Lupinus luteus) contains fiber
(30%), protein (30-35%), carbohydrates, unsatured fat and also
phosphorus, calcium, and magnesium. Lupin is different from oth-
er legumes, such as soy, because of the absence of phytoestrogens
and low sodium content (77, 69). The observed activities of lupin
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could be explained by the peptides deriving from the hydrolysis of
lupin proteins. The mechanism of action of absorbed lupin pep-
tides has been investigated in some molecular studies. They seem
to interfere with HMG-CoA reductase activity, up-regulating LDL
receptor and SREBP-2 (78), as already observed in the case of soy
protein. Some works provided evidence that lupin peptides may
also inhibit PCSK9 (79). The lipid-lowering effects of lupin may be
also linked to the formation of short-chain fatty acids, specifically
propionate and acetate (80). Clinical studies confirmed these ex-
perimental investigations (81), however others do not agree about
the effects of lupin consumption. For example a study has shown
that a 12-week treatment of individuals in low-lipid diet with a mod-
erate dyslipidaemia with a lupin protein concentrate (30 g/day)
leads to a non-significant reduction of total cholesterol, LDL-C,
non-HDL-C, in comparison with those consumed a lactose-free
skimmed milk powder (82). In conclusion, lupin protein intake
represents a relatively weak adjuvant therapy in the treatment of
hypercholesterolaemia, also according to most guidelines (76).
Artichoke. Artichoke (Cynara scolymus L.) is a plant native from
the Mediterranean area (North Africa and Southern Europe). Re-
ceptacle of C. scolymus L., also known as “artichoke heart”, is com-
monly consumed as a food. In addition, a traditional use of artichoke
leaf extracts is reported, especially for its antioxidant, liver-protec-
tive, anti-microbial, choleretic, hepatoprotective, bile-enhancing
and lipid-lowering effects. It is related to beneficial effects in ather-
osclerosis, biliary duct, digestive tract, and the treatment of scurvy
and anemia (83). A recent review summarized beneficial effects of
artichoke extracts on blood lipid concentrations after consumption
of artichoke leaf extracts compared with placebo or reference phar-
macological treatment (84). The active components of artichoke
have been found to inhibit cholesterol synthesis and show relevant
anti-iinflammatory and antioxidant properties (85). Clinical trials
showed a significant reduction of total cholesterol concentrations
compared to placebo after 6 or 12 weeks of supplementation. Trials
reports indicate mild, transient and infrequent adverse events. In ad-
dition, a recent meta-analysis analyzed data from 9 trials including
702 participants with mostly mild to moderate hypercholesterolemia.
Consumption of artichoke extract, for 6 to 12 weeks, significantly
decreased plasma concentrations of total cholesterol and LDL-C with
no significant alteration in plasma HDL-C concentrations (86).
Probiotics. The gut microbiome has been shown to affect human
health and disease, including hypercholesterolemia. A disbalance
of the microbiota (i.e. dysbiosis), caused by different factors, can
increase the intestinal permeability and eventually lead to high-
er levels of bacterial metabolites. This event together with other
mechanisms promotes low-grade inflammation, which has been
shown to be one of the main main contributor of atherosclerosis
development (87, 88). Based on these observations, probiotics,
prebiotics and their combinations have gained interest as a new
promising approach for dyslipidemia treatment. The World Health
Organization defines probiotics as: “live microorganisms that, when
administered in adequate quantities, confer health benefits to the
host” (89). Probiotics insinuate additional microorganisms in the
host, prebiotics stimulate their growth in the intestinal tract, while
synbiotics combine these applications to improve the viability. The
hypocholesterolaemic effect of probiotics may result from several
mechanisms, including:
1) bile salt hydrolase activity regulation, thus reducing the bile salts
enterohepatic circulation;
cholesterol incorporation into cellular membranes of bacteria;
cholesterol conversion into prostanol, hence reducing its absorp-
tion and facilitating the excretion via the feces;

2)
3)
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4) cholesterol transport modulation by NPCI1L1, ABCA1, CD36,
and SR-B1 down-regulating gene expression;

cholesterol synthesis modulation through short-chain fatty acids
production;

exopolysaccharides production, which then bind to free bile ac-
ids and increase their elimination through the feces (90, 91).
Previous clinical studies described controversial results regarding
probiotics effect on dyslipidemia. Several meta-analyses of human
trials suggest that, in most cases, probiotic treatment significantly
reduced total cholesterol and LDL-C, with little effect on triglycer-
ides and HDL-C (92). Differently from others, a significant TG level
reduction has also been reported (93). There are difficulties since
the effects on lipid profile depended on intervention times and pro-
biotic strains, which are different in each study. Hence, many of these
mechanisms still need to be clarified in humans.

Bergamot. Bergamot (C. bergamia) belongs to the Citrus fruits and
differs from others Citrus fruits for its high-content of flavonoids and
statin-like compounds (94). Bergamot-derived molecules have been
shown to ameliorate plasma lipid profile and visceral fat in clinical
trials (84, 95). Specifically, among bergamot constituents, naringin,
neoeriocitrin, and rutin were found to inhibit the oxidation of LDL
particles (96). Moreover, the scientific literature of the last decade
has provided evidence about the potential anti-inflammatory and
antioxidant effects of bergamot extracts (97). Interestingly, clinical
studies have also shown lipid-lowering effects of bergamot-derived
compounds such as the reduction of LDL-C, triglycerides, non-
HDL-C, and malonyl dialdehyde (98).

Cabbage. Brassicaceae (crucifers) is one of the most extensive an-
giosperm families, composed of 360 genera and approximately 3709
species distributed worldwide. One important species is cabbage, that
is an essential part of the human diet thanks to its high nutritional
value, mainly due to its content in fiber, minerals and vitamins (99).
Cabbage exhibits anti-aging, anticancer and antioxidant properties,
and presents multiple health benefits (100). Cabbage’s dietary fib-
er (DF) can be classified into insoluble DF (IDF) and soluble DF
(SDF). Pectin and oligosaccharides, the main components of SDF,
can decrease blood glucose and cholesterol, prevent cardiovascular
diseases, and serve as important probiotic sources. Soluble DF also
generates short-chain fatty acids, which can regulate immunity and
promote the growth of probiotics in the digestive system to prevent
inflammatory bowel diseases (101). Moreover, several studies sug-
gest that cabbage has a functional potential to regulate glucose ho-
meostasis and improves health in people with T2DM (102). Plant
food groups such as berries, green leaves, and crucifers (including
cabbage) would play a significant role in reducing the risk of T2DM
(103). A prospective study in Japan analyzed the relationship be-
tween the intake of different plant food groups and the incidence of
T2DM. The results showed a significant higher risk reduction among
the male population and consumption of vegetables, including cab-
bage (104). Moreover, the effects of cabbage on serum lipid levels
in hypercholesterolaemic patients were investigated. Their serum
total cholesterol levels significantly decreased from 6.7 + 0.8 to 6.1
+ 0.6 mmol/L, and, more strikingly, the level of LDL-C significantly
decreased from 4.4 + 0.8 to 3.8 + 0.7 mmol/L. At 9 weeks after the
cessation of administration, these levels returned to the preadminis-
tration levels (105).

Goji (Lycium barbarum L.). Lycium barbarum is a well-known tradi-
tional Chinese herbal medicine. Supplemental L. barbarum is benefi-
cial to nourish the liver and kidney and brighten the eyes. In support
of these traditional properties, scientific evidence has shown that
L. barbarum fruit possesses a variety of biological activities, such as
anti-aging, neuroprotection, anti-fatigue/endurance, increased me-

5)

6)
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tabolism, glucose control in diabetics, glaucoma, antioxidant prop-
erties, immunomodulation, anti-tumor activity and cytoprotection
(106). L. barbarum includes polysaccharides, carotenoids, flavonoids,
betaine, cerebroside, beta-sitosterol, p-coumaric acid, vitamins and
other phytochemicals. Among them, L. barbarum polysaccharides
(LBP) have various physiological effects, such as antioxidant effects
(107), anti-diabetes (108) and cardiovascular benefits (109). The
effect of L. barbarum on the cardiometabolic risk factors was inves-
tigated in a meta-analysis (106), combining seven randomized con-
trolled trials with a total of 548 participants. Authors concluded that
L. barbarum significantly reduced total cholesterol and triglycerides
concentrations in participants aged 260 years or intervention period
duration of 23 months (106). In another clinical trial, 50 participants
with a metabolic syndrome were randomly divided into two groups,
control and supplemented with 14 g/day of goji berry in the diet.
Both LDL-C and VLDL-C were significantly reduced in the supple-
mented group (110).

Olea europaea. The olive tree leaves (Olea europaea L.), native
from the Mediterranean area, have been used in traditional herbal
medicine with the aim of preventing or treating several conditions
like hypertension, diabetes and inflammation. Potential effects could
be related to the rich content of polyphenols oleuropein and hy-
droxytyrosol that benefits human health (111). Current studies show
great potential in these effects: in a recent meta-analysis, olive leaf
extract shows improvement of lipid profile in normal-weight subjects
(trigliceride (- 9.21 mg/dL), total cholesterol (- 6.69 mg/dL), sys-
tolic blood pressure (- 7.05 mmHg), as well as in patients with hyper-
tension (triglyceride (- 14.42 mg/dl), total cholesterol (- 9.14 mg/
dL), LDL-C (- 4.6 mg/dL) (112). In a randomized, double-blind,
controlled crossover trial, olive leaf extract (providing 136.2 mg
oleuropein and 6.4 mg hydroxytyrosol per day) significantly reduced
plasma LDL-C, total cholesterol and triglyceride concentrations in
60 men with slightly elevated blood pressure (113). Furthermore,
in another randomized placebo-controlled clinical trial, there was a
significant improvement in the triglyceride-to-HDL-cholesterol ratio
and a significant decrease in triglyceride levels (114). Olmez et al.
(115) described a lipid-lowering effect in rats supplemented with
olive leaf extract (50 or 100 mg/kg/day) for 8 weeks. LDL-C and
total cholesterol were significantly lower than in rats fed with a high
cholesterol diet only. Overall results from literature seem to be prom-
ising, although there is a need for further studies to fully understand
the related mechanisms.

Ethnic medicine and cardiometabolic disease:
experimental evidence

In many countries, herbs and spices have been traditionally
used as remedies for a wide range of pathological conditions, in-
cluding cardiovascular and metabolic diseases, and some of them,
like berberine, have been discussed above. Recently, experimental
studies have been focused on additional extracts, especially from
plants of African origin, which appear to have been less exploited
by appropriate research. Indeed, before human use as potential
nutraceuticals, it is crucial to better understand the active com-
ponents and the potentially toxic compounds of such botanical
preparations, highlighting their activity in modulating specific mo-
lecular pathways linked to cardiometabolic diseases, including hy-
percholesterolaemia. In this field, extracts from Adansonia digitata
L. (also known as baobab) and from a series of Cameroonian spic-
es have been studied for their potential usefulness in cardiomet-
abolic disease using cell-based and in vivo models. In particular,
the fruit pulp and leaf extracts of Adansonia digitata L. have been
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shown a good inhibitory activity against relevant enzymes such as
HMG-CoA reductase, in addition to alpha-amylase, alpha-glucosi-
dase, angiotensin-converting enzyme, and pancreatic lipase (116).
Moreover, Adansonia digitata leaf extracts were found to reduce hy-
perglycaemia and hyperlipidaemia (including LDL-C reduction)
of diabetic rats (117). A series of spice extracts from Cameroon has
also been extensively studied in different experimental settings,
showing that some of them may positively modulate enzymes rele-
vant to arbohydrate/lipid metabolism and cardiometabolic disor-
ders (118), oxidative stress, inflammation and metabolic pathways
related to lipid biosynthesis in hepatic and adipose human cell
models (119, 120) and in animal models of diet-induced obesity
(121). Taken together, well-characterized extracts from plants used
in African traditional medicine have been shown to positively mod-
ulate molecular pathways associated with hypercholesterolaemia
and other events promoting atherosclerosis, suggesting their use
in cardiometabolic conditions of moderate severity. These promis-
ing data should prompt further research, especially in the context
of clinical trials.

Concluding remarks

The use of nutraceutical products represents a feasible option for
the management of mild to moderate hypercholesterolaemia in sub-
jects with low cardiovascular risk, and RYR extract is one of the most
effective and used products in this field. The current warnings for po-
tential adverse effects and the limitations of use of RYR extract/mon-
acolin K highlight the need to identify and validate additional active
compounds for the management of this condition. The use of these
nutraceuticals as add-on therapy on top of current drug treatments
for hypercholesterolaemia is also an area deserving to be studied.
Moreover, important socio-economical aspects, like their global sus-
tainability and the potential exploitation of agro-food waste in terms
of human health benefit, should also be taken into consideration in
the context of such nutraceutical development.
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The XVI National Congress of the Societa Italiana di Terapia
Clinica e Sperimentale (SITeCS) was held in Milan on September
22-24, 2022. As is now customary, the Congress was organised in col-
laboration with the Italian Society for the Study of Atherosclerosis
(SISA) Lombardy Region. The Congress included the discussion of
the most recent evidence or the most topical issues in clinical and
pharmacological research as well as presentations of scientific work
by young researchers.

A short report of the main issues debated during the 2022 Con-
gress lectures is offered in this issue, for the benefit of the European
Atherosclerosis Journal readers.

The first session focused on the role of genetics and environment
in susceptibility in cardiovascular diseases (CVDs). It is well known
that CVDs have a complex multifactorial aetiology. Professor Gianlui-
gi Condorelli thoroughly discussed this issue, focusing specifically on
the interaction between environmental factors and genes that con-
tributes to the complexity of CVD. Among the environmental factors,
Doctor Andrea Poli showed how the evaluation of diet-related factors
has proven over time to be limited, often not so robust, and strongly
confounded by environmental influences. It remains a huge chal-

Received 1 December 2022; accepted 15 December 2022

lenge to define the authentic cardiovascular effects of diet, largely
due to the difficulty of separating the effects of each food or food
component from the overall effects of dietary habits taken as a whole.
On the other hand, the role of genes, which can be considered rela-
tively fixed, must be considered. Neither genetics nor environmental
agents acting independently cause the disease. Full knowledge about
an individual’s genetic frame or exposures to environmental factors
cannot predict with certainty the onset, progression, or severity of
the disease. The genes, or rather the combination of genes deter-
mining genetic predisposition, and environmental factors causing a
particular multifactorial trait may vary from person to person. The
disease develops as a consequence of interactions between the base-
line conditions, coded in the genotype, and exposures to environ-
mental agents indexed by time and space that are integrated at levels
above the genome. Professor Condorelli also emphasised how the
technologies available for genetic investigation as well as the knowl-
edge on the interaction between genetic and environmental factors
have changed rapidly over time. This enormous bulk of data in turn
requires innovative analysis techniques. Artificial intelligence meth-
ods will likely respond to this need.
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In the session dedicated to the patient at high cardiovascular
risk, three different case studies have been discussed. Professor Ste-
fano Carugo described the challenges in managing patients with
polyvascular disease, emphasising the importance of a comprehen-
sive assessment of the patient. As polyvascular disease is indicative
of systemic atherosclerosis, individuals with polyvascular disease are
at heightened risk for cardiovascular events in all vascular districts.
However, it should be considered that multiple vessel involvement
is not an uncommon feature and that the use of simple measure-
ments, such as the ankle-brachial index (ABI), may be very useful
for estimating the overall cardiovascular risk. The second case,
addressed by Doctor Gianluca Perseghin, concerns the diabetic
patient. Since diabetes is not only a well-known cardiovascular risk
factor, but is considered a CVD-equivalent, patients with diabetes
are to be considered on a par with individuals in secondary preven-
tion. Additional features that typically accompany diabetes, such as
insulin resistance, vascular alterations, inflammation, and oxidative
stress, together with lifestyle aspects. While the complexity of cardio-
vascular prevention in the diabetic patient is well recognised, it must
also be acknowledged how the most recent classes of antidiabetic
drugs on the market, first of all the sodium-glucose co-transporter 2
(SGLT-2) inhibitors, have revolutionised the therapeutic algorithms.
Finally, Dr Paolo Fabbrini described the cardiovascular prevention
approach in the chronic kidney disease (CKD) patient. He empha-
sized how patients with CKD have so far had few treatment options
to slow down progression, and how the introduction of SGLT-2
inhibitors had a strongly positive effect in this patient population.
The link between the kidney and heart is complex. Kidney disease
is often secondary to diseases leading to increased cardiovascular
risk. Although hypertension and diabetes explain the vast majority
of renal failure incidence in the Western world, the sum of these two
causes does not justify the cardiovascular risk observed in CKD pa-
tients. The development of renal disease aggravates an already com-
plicated cardiovascular condition. From this point of view, mention
must certainly be made of uremic toxins, molecules present in very
small concentrations in healthy subjects but at much higher levels
in the subject with impaired glomerular filtration. These toxins can
also have adverse effects on the cardiovascular system. Overall, all
three presentations emphasised the need for a joint effort among
cardiologists, diabetologists, and nephrologists in intervening as
early as possible to delay the progression of these pathological con-
ditions and avoid organ impairment t which may further increase
the risk of cardiovascular events. Despite the considerable progress
in the field of therapies, much work still needs to be done in these
high cardiovascular risk patients.

The Congress traditionally hosts a joint symposium of the Lom-
bardy sections of AMD (Association of Diabetes Physicians), SID
(Italian Society of Diabetology), and SISA. This year, the presenta-
tions have addressed the lipid-lowering therapy in diabetic patients
and discussed the most recent evidence on the efficacy and position-
ing of the newest anti-diabetic drugs. In his lecture, Professor Alberto
Corsini reiterated the role of diabetes as CVD-equivalent in defin-
ing CV risk. The management of cholesterol levels is of paramount
importance in these patients. Lipid abnormalities beyond elevated
low-density lipoprotein (LDL) cholesterol contribute to increase the
risk of atherosclerotic CVD in type 2 diabetes (T2D). After almost 30
years of widespread clinical use in diabetes, statin treatment remains
the cornerstone of drug therapy to prevent CVD. Ezetimibe appears
to be particularly beneficial as add-on for high-risk statin-treated
patients with diabetes. Similarly, currently available proprotein con-
vertase subtilisin kexin type 9 (PCSK9) inhibitors reduce CVD risk
in statin-treated diabetic patients. Bempedoic acid is an interesting
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new oral agent inhibiting the cholesterol biosynthetic pathway, at
an earlier step than 3-hydroxy-3-methylglutaryl-coenzyme A (HMG
CoA) reductase, namely ATP-citrate lyase. Although one might im-
agine that this would result in an effect equivalent in magnitude to
statins, the clinical trial experience has shown that LDL reduction
with bempedoic acid is about half of that observed with statin treat-
ment. The efficacy and safety of this molecule were recently demon-
strated in a randomized trial of patients at high CV risk, of whom
about 30% also had diabetes. Finally, fibrates might reduce CVD risk
in patients with diabetes with high triglyceride and low high-density
lipoprotein cholesterol levels and may also slow the progression of
diabetic retinopathy. The two subsequent presentations by Doctor
Alberto Rocca and Laura Montefusco reported the most updated ev-
idence about SGLT?2 inhibitors and glucagon-like peptide 1 (GLP1)
receptor agonists, respectively. SGLT2 inhibitors were originally
developed as anti-diabetic agents, with clinical trials demonstrating
improved CV outcomes in diabetic patients. Secondary analyses of
CV outcome trials and results from kidney outcome trials consist-
ently reported improved kidney-related outcomes independent of
T2D status and across a range of kidney functions and albuminuria.
SGLT?2 inhibitors are generally safe and well tolerated, with clinical
trials and real-world analyses demonstrating a decrease in the risk of
acute kidney injury. GLP1 receptor agonists, long-acting analogues
of incretin, have shown high glucose-lowering and weight-lowering
efficacy when administered as once-weekly subcutaneous injection.
Moreover, they have demonstrated robust and significant reductions
in CV outcomes, such as hospitalizations for heart failure. This evi-
dence has changed the landscape for the treatment of patients with
T2D. Both diabetes and cardiology guidelines have responded to this
paradigm shift by including strong recommendations to use SGLT2i
and/or GLP-1 RA, with evidence-based benefits to reduce cardiovas-
cular risk in high-risk individuals with T2D.

In the session dedicated to pathology registers, Doctor Manuela
Casula described the virtuous example of LIPIGEN. The LIPIGEN
(Lipid TransPort Disorder Italian Genetic Network) Network was
created in 2009 by the Italian Atherosclerosis Society (Societa Ital-
iana per lo Studio dell’Aterosclerosi - SISA) through its Foundation
(Fondazione SISA) to promote and facilitate the clinical and genetic
diagnosis of familial dyslipidaemias. Until now, the network involves
more than 50 Italian centres specialized in the management of pa-
tients affected by primary dyslipidemias throughout the national ter-
ritory, including paediatric clinics and LDL apheresis centres. The
LIPIGEN Network structure is based on a close interaction between
clinical centres, general practitioners, and patient organizations. The
main objectives are to create a structured nationwide network for
the identification of patients with genetic dyslipidaemias, to facilitate
molecular genetic testing, and to promote research in the field. This
initiative also aims at raising awareness and culture of the medical
community, patients, and regulatory authorities in our country in the
area of genetic dyslipidaemias and encouraging the exchange of in-
formation and knowledge according to recommendations from sci-
entific societies. The clinical activity of the centres is complemented
by the work of specialized genetic laboratories. Doctor Aldo Maggio-
ni described registries by the European Society of Cardiology (ESC)
and the Italian Cardiology Society (SIC). The Europe Observational
Research Programme (EORP) was launched in 2009 by ESC to assess
how European cardiology centres were adhering to the ESC guide-
lines and highlight any gaps that could become the topics of train-
ing interventions. Another objective was to identify rare diseases,
collecting data on their characteristics, management, and outcome,
to gather evidence that could support the recommendations of the
guidelines in a context where large clinical trials are lacking. The
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different registries implemented in Italy by the National Association
of Hospital Cardiologists (ANMCO) were then described. The main
advantage of these experiences is the creation of a network of clinical
cardiologists collecting information from the real world. This con-
sents to improve the quality of care and clinical outcomes. An ex-
ample is acute coronary syndromes: while the GISSI-1 study showed
a 13% in-hospital mortality in 1987 registries show that it has now
fallen to 4%.

Finally, several hot topics were discussed during the last day.

Professor Alberico Catapano and Doctor Marta Gazzotti reviewed
the evidence on homozygous familial hypercholesterolemia (HoFH)
and familial chylomicronemia syndrome (FCS). The different genetic
causes and the presence of a heterozygous or homozygous condition
influence the phenotypic presentation, but sometimes the less severe
homozygous forms are at the interface with heterozygotes. Conse-
quently, HoFH is difficult to be confirmed without genetic testing.
T Within the LIPIGEN Network, the main aim of the Italian Study
Group on Homozygous FH is to provide a complete molecular char-
acterization of HoFH patients. These results are then merged in the
global registry “HoFH International Clinical Collaborators (HICC)”.
Familial chylomicronemia syndrome (FCS) is a very rare autosomal
recessive disorder of triglyceride-rich lipoproteins, characterized by
severe hypertriglyceridemia, the presence of chylomicrons in fasting
condition, fasting triglyceride levels higher than 885 mg/dL, and an
increased risk to develop recurrent episodes of potentially lethal pan-
creatitis. The extension of the LIPIGEN register to FCS is expected to
improve the detection of affected subjects in Italy, promoting the use
of shared protocols and validating diagnostic suspicion with genetic
testing. The analysis of the collected data will allow estimating the
prevalence of rare forms of genetic dyslipidaemias and the identifi-
cation of clusters and/or subpopulations at higher risk, as well as to
evaluate response to treatments.

Another topic which is becoming of increasing interest is Lipo-
protein (a) [Lp(a)]. Lp(a) consists of an LDL particle in which apo-
lipoprotein B100 (apoB) is covalently bound to an apolipoprotein (a)
unit. The first associations between Lp(a) and coronary heart disease
were reported in the early 1970s. In the last decade, following large
epidemiological, genome-wide association (GWAS), and Mendelian
randomization studies, together with the development of more reli-
able immunoassays, Lp(a) has been recognized as an important CV
risk factor. Given the frequency of high Lp(a) levels and the lack of
effective Lp(a) lowering therapies, the potentially modifiable Lp(a)
burden should be considered one of the most important risk factors
to target in the coming decade. The rationale is not only to be found
in genetic studies. Recently, it has been suggested that the failure to
reduce Lp(a) in subjects treated with evolocumab, a PCSK9 inhib-
itor able of reducing LDL-cholesterol (LDL-C) levels by 60%, may
explain persistent arterial wall inflammation. The same outcome tri-
als on PCSK9 inhibitors showed a reduction in the incidence of CV
events associated with the reduction of Lp(a), which was independ-
ent of the reduction in LDL-C levels. Several experimental therapies
targeting Lp(a) are in development, including an antisense oligo-
nucleotide (pelacarsen) and two small interfering ribonucleic acid
(olpasiran and SLN-360).

Three lipid-lowering therapies were then discussed. Doctor An-
drea Baragetti critically evaluated recent data about omega-3 fatty
acids (FAs). Eicosapentaenoic acid (EPA) and docosahexaenoic acid
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(DHA) have recently undergone testing for their ability to reduce
residual CV risk among statin-treated subjects. The outcome trials
have yielded highly inconsistent results, perhaps attributable to vari-
ations in dosage and composition. Among high-risk patients in con-
temporary care, mixed n3-FA formulations showed no reduction in
CV events. Notably, CV trials using icosapent ethyl (IPE), a highly
purified ethyl ester of EPA, reduced CV events and progression of
atherosclerosis compared with mixed EPA/DHA treatments. This in-
consistency justifies the lack of consensus among experts regarding
the use of omega-3 fatty acids in CVD. Professor Alberto Zambon
reviewed the most recent evidence from an open-label extension trial
on a PCSKY inhibitor, specifically evolocumab. These long-term data
(7 years of follow-up) confirmed and even reinforced the efficacy
and safety of evolocumab. The comparison between subjects treated
from the start of the trial and those who only started treatment at the
beginning of the open-label phase (with comparable LDL-C levels)
showed that long-term treatment with evolocumab is associated with
a significant reduction in clinical outcomes, including cardiovascular
mortality, compared with patients who delay starting PCSK9 inhibitor
therapy. Professor Marcello Arca described the characteristics and
the therapeutic role of bempedoic acid, a new cholesterol-lowering
drug, recently approved by the US Food and Drug Administration
(FDA) and the European Medicine Agency (EMA). Bempedoic acid
is a pro-drug: it is converted to its active moiety by an enzyme which is
present mostly in the liver and absent in skeletal muscles, leading to
a tissue-specific effect and limiting the risk of myalgia and myopathy.
Clinical trials have shown that bempedoic acid is generally well-tol-
erated alone, or in combination with statins, ezetimibe, or PCSK9
inhibitors. Based on the data collected so far, bempedoic acid repre-
sents an additional effective and safe option to reduce LDL-C levels;
it is a cost-effective therapeutic choice, to be considered in combi-
nation therapy in patients not reaching the recommended LDL-C
goal, or in statin-intolerant patients, alone or in combination with
ezetimibe.

Finally, Professor Maurizio Averna addressed the issue of the
combination therapy in in the management of hypercholester-
olemia. Prof. Averna leads the European Atherosclerosis Society
Task Force in working on a statement about Practical guidance for
combination lipid-modifying therapy in high- and very-high-risk pa-
tients. The starting point is the recognition of the role of LDL-C and
triglyceride-rich lipoproteins as primary targets for therapeutic inter-
ventions. Although many patients achieve lipid goals with high-inten-
sity statins, certain patients do not have an optimal response because
of genetic issues, intolerance, nonadherence, or therapeutic inertia.
Over the past decade, clinical trials have provided strong evidence
demonstrating the effectiveness and safety of non-statin medications
added to statin therapy in high-risk patients. Combining statins with
ezetimibe, PCSK9 inhibitors, bempedoic acid, or inclisiran has addi-
tive effects on LDL-C reduction. Moreover, fixed-dose combination
tablets lower LDL-C more effectively than two separate tablets. Cur-
rent clinical guidelines are shifting towards the recommendation for
combination therapy, rather than the use of statin monotherapy ti-
trated to the highest tolerated dose to reach the goals. Combination
therapies increase the efficacy and reduce the side effects associated
with higher doses, increasing tolerability and leading to higher ad-
herence. Higher efficacy and adherence will result in a higher num-
ber of patients achieving recommended goals.
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Prenilcistein oxidase 1 (PCYOX1) enzyme, involved in the degrada-
tion of prenylated proteins, is expressed in different types of cells,
among which vascular and blood cells. Previous studies demonstrat-
ed that the secretome of cells silenced for PCYOXI reduced platelet
adhesion on both fibrinogen and endothelial cells, suggesting its
possible involvement in thrombotic mechanisms.

In this study we analyzed the role of PCYOXI1 in arterial thrombosis
by the use of an animal model. All the procedures have been carried
on mice knock-out for PCYOX1 (Pcyox1KO) that were compared
with wild-type (WT) mice. Arterial thrombosis was induced by Fer-
ric chloride application on carotid artery, while pulmonary throm-
boembolism was induced by the injection of collagen-epinephrine.
The phenotype and the functionality of platelets were analyzed by
cytofluorimetry and functional tests. The expression of PCYOX1 on
platelets was evaluated by mass spectrometry.

Thrombus formation induced by Ferric Chloride was reduced in Pcy-
ox1KO mice, that were also protected from pulmonary thromboem-
bolism. No differences were identified in blood cells count, vascular
pro-coagulant activity and functional fibrinogen. Interestingly, Pcy-
0x1KO mice displayed a marked reduction in the number of plate-
lets-leukocytes aggregates, in the release of alpha granules, in the
activation of receptor allbf3 and in platelets aggregation induced
by ADP e TRAP (analyzed on whole blood or platelets rich plasma).
Mass spectrometry showed that PCYOX1 was highly expressed in WT
platelets. However, the deletion of PCYOX1 did not alter platelets
phosphorylation pathways, and platelets adhesion and aggregation
(analyzed on washed platelets), in respect of WT mice. Of note,
when platelets aggregation was performed on washed platelets iso-
lated from WT mice in the presence of plasma derived from Pcyox-
1KO mice, we observed a strong impairment in comparison with the
aggregation obtained on the same platelets resuspended in plasma
derived from WT mice.

32

In conclusion, our results, showing an ipo-reactivity of platelets and
a reduced arterial and pulmonary thrombosis in Pcyox1KO mice,
suggest that this protein could represent a new potential target in
antithrombotic therapy.

Impact of dietary choline on lipid
metabolism and atherosclerosis
development in apoEKO mice deficient
or overexpressing apolipoprotein A-I
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TMAO, a metabolite of dietary choline, is considered a pro-athero-
genic molecule for its ability to interfere with the reverse cholesterol
transport, in which apolipoprotein A-I and HDL play a key role. In
the present work it was evaluated how TMAO impacts on the develop-
ment of atherosclerosis in mice with different levels of apoA-I/HDL.
Mice deficient in both murine apoA-I and apoE (DKO) and DKO
mice overexpressing human apoA-I (DKO/hA-I), characterized by
extremely low or high plasma HDL levels respectively, were fed for
16 weeks two standard rodent diets, differing only in their choline
content (0.09% or 1.2%). At the end of the dietary treatment, ath-
erosclerosis development was quantified at the aortic sinus, targeted
plasma metabolomics was performed, and gene expression was eval-
uated in liver, duodenum, jejunum and ileum.

With both diets, DKO mice developed much larger plaques than
DKO/hA-I mice. High-choline diet increased plasma TMAO levels
in both genotypes. Interestingly, a worsening of plaque development
by high choline diet occurred in DKO/hA-I mice only (0.057+0.048
mm? vs 0.0988+0.064 mm?, p<0.01). Plasma metabolomics indicated
that choline supplementation, only in the presence of HDL, signifi-
cantly increased the concentration of some ceramide species in addi-
tion to several markers of impaired kidney function.

High-choline diet increased the hepatic gene expression of Fmol
and Fmo2 in DKO/hA-I, whereas the expression of Scarbl was lower
in DKO/hA-I compared to DKO mice, regardless of the dietary treat-
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ment. Intestinal expression of genes involved in inflammatory re-
sponse and in lipid metabolism was comparable between genotypes
and was not modified by choline supplementation.

In conclusion, high choline diet increased plasma TMAO concen-
tration in both genotypes, but affected atherosclerosis development,
plasma metabolome and hepatic gene expression only in high HDL
mice. Intestinal gene expression was not affected neither by geno-
type nor by dietary choline content.
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Introduction: Obesity is associated with comorbidities such as cardio-
vascular disease and type 2 diabetes. HDACS3 regulates adipose tissue
physiology (WAT), and its genetic inactivation causes metabolic re-
programming of white adipocytes toward browning. The aim of this
work is to evaluate the effect of HDACS3 silencing at different stages
of differentiation and investigate the influence of adipocyte metabo-
lism on the immunophenotype of WAT.

Materials and Methods: Following HDACS3 silencing in mesenchymal
stem cells and mature adipocytes, adipocyte function, RNA, DNA and
protein levels, and proliferation at the end of differentiation were an-
alyzed. Visceral WAT immunophenotype (VWAT) of Hdac3 KO mice
in WAT (Hdac3fatKO) and controls (FL) was performed by FACS.
Results: Silencing HDAC3 in precursors amplifies the expression
of genes and proteins that regulate differentiation, oxidative me-
tabolism, browning and mitochondrial activity. Following silenc-
ing, we found increased 1)phosphorylation of AKT (1.64 fold
change, P<0.0001), indicative of increased insulin signaling, and
2)proliferation, characteristic of the early phase of differentiation.
Mitochondrial content was unchanged, but increased mitochondri-
al activity was observed in terms of maximal respiration (1.42 fold
change, P=0.0151) and uncoupling of the electron transport chain
(+11.6%, P<0.0001). No difference was observed following HDAC3
silencing in mature adipocytes.

We hypothesized that the enhancement of oxidative metabolism may
cause cellular damage or senescence and, consequently, the immuno-
phenotype of vVWAT might be affected by HDAC3 ablation. Analysis
reveals an increase of macrophages (2.48 fold change, P=0.0311) in
the vVWAT of Hdac3fatKO mice polarizing toward the M2 population.
Coculture of adipocytes with macrophages from bone marrow in-
dicates that HDACS3 silencing in adipocytes stimulates macrophage
activation.

Conclusions: HDAC3 is a key factor in the WAT phenotype, and its
inactivation triggers mechanisms that support browning. Early epi-
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genetic events mediated by HDACS3 silencing are crucial in directing
adipocyte precursors toward the oxidative phenotype. Finally, results
obtained from ex vivo and in vitro studies suggest that specific factors
produced by KO adipocytes may be involved in determining the ob-
served immunophenotype.
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Background: Inherited predisposition to atherosclerosis leads to
higher risk for developing coronary heart disease (CHD). There are
mainly two ways to conceptualize inherited risk of CHD: family histo-
ry and polygenic predisposition. We aimed at assessing the impact of
family history of CHD and genetic predisposition in predicting the
individual lifetime risk of major coronary events (MCE).

Methods: Using adjusted Cox proportional hazard models, we esti-
mated the lifetime risk of MCE associated with parental family history
of CHD and individual genetic predisposition (estimated by a poly-
genic risk score including 350 variants).

Results: A total of 445,744 UK-Biobank participants were included
in the study (mean age 57 years; 54.3% females). Having one parent
with a history of CHD increased the lifetime risk of MCE by 75%
(HR 1.75, 95%CI 1.70-1.82). Having both parents with a history of
CHD further increased the risk (HR 2.78, 95%CI 2.64-2.92) Simi-
larly, a dose-dependent step-wise increase in MCE risk was observed
moving from the lowest to the highest decile of the polygenic score.
Compared to subjects without family history of CHD and with aver-
age level of the polygenic score, having a parental history of CHD
determined an increase in lifetime risk of MCE (HR 1.90, 95%CI
1.82-1.98) comparable to belonging to the highest decile of the poly-
genic score (HR 1.89, 95%CI 1.76-2.02). However, if subjects present
both parents with family history of CHD and a very high polygenic
predisposition, the risk was even higher (HR 3.54, 95%CI 3.34-3.75),
suggesting an additive contribution to the characterization of the
lifetime risk.

Conclusions: We described the addictive impact of family history of
CHD and individual polygenic predisposition in predicting lifetime
risk of MCE. In order to identify subjects at higher risk of having an
early event, it is essential to retrieve information about both these
hereditary components.
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