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ABSTRACT

Lipoprotein(a) is an apo B-containing lipoprotein which
has a unique plasminogen-like apolipoprotein(a)
attached to apo B-100. The levels of lipoprotein(a) are
under strong genetic regulation and vary by several
hundred-fold in the general population. Although the
exact function of lipoprotein(a) is still a mystery, recent
studies have shown that lipoprotein(a) has a causal
role in atherosclerosis and its level has been shown to
be a risk factor for atherosclerotic cardiovascular
disease (ASCVD) and calcific aortic valvular disease.
Measurement of lipoprotein(a) level and comparison
between different assays are challenging due to
differences in reporting units and the absence of a
reference method. Various guidelines recommend
measurement of lipoprotein(a) levels in order to define
cardiovascular risk. Lifestyle modifications have a
minimal effect in reducing lipoprotein(a) levels.
Currently available lipid-lowering therapies also result
in only modest reductions in lipoprotein(a) levels. At
present, there is no approved pharmacological
treatment option for lowering lipoprotein(a) levels.
More potent lipoprotein(a)-lowering medications are
under active investigation to prove that lowering
lipoprotein(a) level reduces ASCVD events.
Lipoprotein(a), therefore, remains a viable and
attractive therapeutic target in ASCVD risk reduction.

HISTORY

Lipoprotein(a) was first described by Kare Berg in
1963 (1) and later purified and characterized by

Ehnholm and colleagues as part of human lipoproteins
(2). Subsequent studies linked lipoprotein(a) to
coronary artery disease (CAD) (3,4) and the threshold
of 30 mg/dL was introduced (5). In 1987, amino acid
sequences of apolipoprotein(a) [apo(a)]l, a major
protein of lipoprotein(a), were identified and the LPA
gene, encoding apo(a), was cloned (6,7). The
sequence showed homology to plasminogen, a
fibrinolytic proenzyme, but the protease domain was
inactive (6). Apo(a) size polymorphism and its
underlying molecular genetics were discovered and
the inverse correlation between apo(a) isoform and
lipoprotein(a) levels were demonstrated (8). Early
observational and prospective studies showed higher
levels of lipoprotein(a) in patients with CAD and
myocardial infarction (Ml) (4,5,9-12), but others did not
(13,14). Lipoprotein(a) was later identified as a main
carrier of oxidized phospholipids in the plasma (15).
Results from large population-based studies along
with Mendelian randomization studies in the past 2
decades have shown that lipoprotein(a) is a causal
risk factor for atherosclerotic cardiovascular disease
(ASCVD), especially Ml and atherosclerotic stenosis
(16-19). A surprise finding in 2013 also identified
lipoprotein(a) as a key player in calcific aortic valvular
disease (CAVD) (20). Currently, lipoprotein(a) is an
active therapeutic target and results from ongoing
phase 3 clinical studies will soon clarify the
lipoprotein(a) hypothesis in ASCVD and CAVD.
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STRUCTURE AND ASSEMBLY

Lipoprotein(a) is an apoB-containing lipoprotein
resembling low-density lipoprotein (LDL), but
apolipoprotein B-100 is covalently linked to a unique
glycoprotein, called apolipoprotein(a) or apo(a).
Apo(a), encoded by the LPA gene, is structurally
similar to plasminogen, an important protein involved
in fibrinolysis. In vitro, apo(a) has been shown to inhibit
fibrinolysis (21)

Apo(a) is present only in a subset of primates,
including humans, OIld World monkeys, and

orangutans, but not in New World monkeys or other
primates. The exception is the occurrence of an
apo(a)-like protein in the hedgehog (22). A
characteristic feature of apo(a) is the presence of loop-
like structure stabilized by 3 internal disulfide bonds,
called “kringles”. These kringle domains are triple-loop
structures found in other coagulation factors, including
plasminogen. While plasminogen has 5 kringle
domains (KI, KllI, Klll, KIV and KV) and one protease
domain at the end, apo(a) has only KIV, KV and an
inactive protease domain (Figure 1).
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Figure 1. Structure of lipoprotein(a) (from www.familyheart.org).

In apo(a), the number of the fourth kringle domain is

KIV1-KIV10. While KIV1 and KIV3-KIV10 are present

highly variable due to expansion and differentiation of
KIV into 10 different types of KIV domains, called

as single copies, kringle 1V type 2 (KIV2) are further
expanded, resulting in multiallelic copy number
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variation (1 to >40 copies). This expansion of KIV2
leads to a size polymorphism of apo(a), ranging from
300-800 kDa (23). Circulating levels of lipoprotein(a)
are determined by the number of KIV2 copies. A low
number of KIV2 copies results in small apo(a)
isoforms, which lead to efficient secretion and
contribute to higher levels of lipoprotein(a). On the
other hand, the high number of KIV2 copies leads to
large apo(a) isoforms and low levels of circulating
lipoprotein(a).

Apo(a) is mainly synthesized in the liver. Newly formed
apo(a) is then bound to apo B-100 of LDL to become
lipoprotein(a). The assembly of lipoprotein(a) particles
is a two-step process (24). The first step is the non-
covalent docking of the lysine-binding site at the KIV7-
KIV8 domains of apo(a) to the lysine residues at the
N-terminus of apo B-100. The second step is the
covalent binding through the disulfide bond between
the 2 free cysteines in the KIV-9 of apo(a) and apo B-
100 (25). The site of lipoprotein(a) assembly has been
controversial whether it occurs intracellularly or
extracellularly (23,25,26), but a recent study using a
hepatocyte cell model suggests that the first non-
covalent step occurs intracellularly, whereas the
second covalent bond formation occurs extracellularly
(27,28).

FUNCTION

The physiological function of lipoprotein(a) remains
obscure (23). Earlier, it has been suggested that
lipoprotein(a) may assist in wound healing (16,29).
Lipoprotein(a) can interact with fibrin and other
components of the extracellular matrix (30) via the
lysine-binding sites in its kringle domains and it
delivers cholesterol to the site of injury. Besides
carrying cholesterol esters, free cholesterol,
triglycerides, and phospholipids, lipoprotein(a) is the
main carrier of oxidized phospholipids in the
circulation (15). Lipoprotein(a) might also act as a
carrier/scavenger for oxidized lipids since oxidized

phospholipids and platelet-activating factor
acetylhydrolase, an enzyme involved in hydrolyzing
PAF, are found on lipoprotein(a) particles. In vitro,
lipoprotein(a) can interfere with many steps of blood
clotting and fibrinolysis (21), but the evidence for its
thrombogenic role in vivo is less convincing (16).

In the Finnish population, loss-of-function variants in
the LPA gene have been found (31). Although these
subjects have very low levels of lipoprotein(a), no
identifiable  clinical abnormalities have been
demonstrated (31). An increased risk of type 2
diabetes has been reported in those who have very
low levels of lipoprotein(a) (32-36). Whether low levels
of lipoprotein(a) are causally associated with type 2
diabetes is still unclear.

METABOLISM

Circulating levels of lipoprotein(a) are primarily
determined by isoform size-dependent production rate
and not catabolism (37). Fractional catabolic rates for
lipoprotein(a) with short and long isoforms have been
shown to be relatively indifferent (37). Liver is the main
site of lipoprotein(a) catabolism, with a minor
contribution from the kidney (26). Apo(a), apo B-100
and oxidized phospholipids carried on lipoprotein(a)
may play a role in catabolism of lipoprotein(a) particles
by acting as ligands for various receptors. A number
of receptors have been shown to be associated with

clearance of lipoprotein(a), including lipoprotein
receptors, scavenger receptors, plasminogen
receptors, Toll-like receptors (TLRs), and

carbohydrate receptors or lectins (38). However, the
relative contribution of these different receptors in
lipoprotein(a) clearance remains to be explored. The
lack of suitable animal models and the conflicting data
on the role of certain receptors on the catabolism of
lipoprotein(a) also make it difficult to conclude the
definite role of these receptors. Following uptake into
the cells, it has been shown that lipoprotein(a)
dissociates into 2 components, with LDL being
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degraded in lysosomes and apo(a) being recycled to
be re-secreted (39). It has been estimated that
approximately 30% of apo(a) is recycled after
lipoprotein(a) internalization into the cells (39), which
could potentially contribute to the circulating level of
lipoprotein(a).

GENETICS

Lipoprotein(a) levels are strongly determined by the
genetic locus at the LPA gene on chromosome 6,
which encodes apo(a). The LPA gene is closely
related to the PLG gene, which encodes plasminogen.
These 2 genes diverged about 40 million years ago
with the loss of KI-KIll and the expansion and
differentiation of KIV domain (23). The major genetic
determinant is a copy number variation of the KIV2
repeat, which explains approximately 30-70% of the
variability in lipoprotein(a) levels, depending on
ethnicity (40). The apo(a) size is highly variable among
individuals and depends on the number of KIV2
repeats in the LPA gene. Expression of a low number
(10-22) of KIV2 repeats is characterized by small
apo(a) isoforms and higher lipoprotein(a) levels,
whereas a higher number (>23) of KIV2 repeats
results in large apo(a) isoforms and lower
lipoprotein(a) levels. Smaller apo(a) isoforms are
associated with higher apo(a) production rates from
the liver (41), whereas larger isoforms are more
susceptible to proteosomal degradation in the
endoplasmic reticulum (42). Subjects who carry a low
number of KIV repeats have 4-5 times higher median
lipoprotein(a) levels than those with a high number of
KIV repeats (43).

Because every individual has 2 copies of this gene, 2
different isoforms may be present in plasma. In
general, plasma levels of lipoprotein(a) are
determined by the net production of apo(a) in each
isoform. In Caucasians, with an increasing number of
KIV repeats, and hence the larger apo(a) isoform, the
frequency of the non-expressed allele is also

increasing (44). As a result, the major isoform in
circulation is mainly driven by the smaller ones.
However, in about one-quarter of Caucasians, the
larger allele is reported to be the dominant one (44) so
the smaller allele is not always dominant (45). The
frequency of the non-expressed alleles in Caucasians
was highest in the mid-range whereas in African
Americans, the non-expressed alleles were fairly
distributed across apo(a) sizes (44).

It is of note that among those who carry the same
number of KIV-2 repeats, there is a wide range of
variability in the lipoprotein(a) levels. This could be
explained by the presence of other genetic variants
beyond the KIV repeat polymorphism that are also
known to influence lipoprotein(a) levels (23,43,45) with
a variable impact among various populations. A large
genome-wide association meta-analysis has identified
a number of independent single nucleotide
polymorphisms (SNPs) around the LPA gene which
are significantly associated with lipoprotein(a) levels
(46). Certain SNPs are functionally lipoprotein(a)-
increasing, such as rs1800769 and rs1853021,
whereas other SNPS, such as rs10455872 and
rs3798220, have no functional effect, but they are in
linkage disequilibrium with other small apo(a) isoforms
or other variants associated with elevated
lipoprotein(a) levels (47).

On the contrary, other genetic variants of the LPA
gene are associated with low levels of lipoprotein(a),
such as the common splice variants, 4733G>A (48)
and 4925G>A (49) in the KIV-2 repeat, and the
missense variant rs41267813 (50). Other SNPs are
null alleles which decrease lipoprotein(a) levels, such
as rs41272114, rs41259144 and rs139145675.
Individuals who carry these variants are found to be
protected against the development of ASCVD.

Other genes, besides the LPA gene, have also been
shown to influence lipoprotein(a) levels (45) although
a meta-analysis has not confirmed the findings (51),
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suggesting that further studies with large sample sizes
are required to replicate these findings. A recent
genome-wide association study from the UK Biobank
in almost 300,000 individuals has identified APOE,
APOH, and CETP as additional loci that affect
lipoprotein(a) levels (52).

Although lipoprotein(a) is under a strong genetic
regulation, currently, there is no recommendation or
advice to perform genetic testing for the LPA gene.
Measuring lipoprotein(a) level in the circulation is
considered sufficient since it reflects the overall
genetic interaction of all variants.

LIPOPROTEIN(A) LEVEL

The distribution of lipoprotein(a) level in plasma is
highly skewed with a tail toward higher levels as

Fraction of population

shown in Figure 2 (16,17,53). The range varies widely
from <0.1 mg/dL to >300 mg/dL (<0.2 — 750 nmol/L).
In people of European descent, 80% of the population
have a serum level of lipoprotein(a) <40 mg/dL or 90
nmol/L (18). It is well known that plasma levels of
lipoprotein(a) are different among various ethnicities,
which are predominantly determined by lipoprotein(a)
isoform size and other genetic variants in the LPA
locus (45). Data from the UK Biobank showed that the
mean lipoprotein(a) levels were lowest in Chinese
individuals (16 nmol/L), followed by White (19 nmol/L),
South Asian (31 nmol/L), and highest in Black
individuals (75 nmol/L) (17). Data from subjects with
various ethnicities have demonstrated that the level of
lipoprotein(a) is slightly higher in women than in men
(17,53-56), although other studies have shown a lack
of difference between men and women (57,58).

Copenhagen General Population Study
N=69,454
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r T

0 50

100 150 200

Lipoprotein(a), mg/dL

Figure 2. Distribution of lipoprotein(a) in the Danish general population (from (16)).
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Lipoprotein(a) level is fully expressed by the age of 2
years and the adult levels are usually achieved by 5
years (59). The level of lipoprotein(a) seems to be
stable throughout life because it is under a strong
genetic influence (60). Except for certain medical
conditions, plasma lipoprotein(a) levels are relatively
stable across the lifespan independent of lifestyle. A
long-term study over a period of 15 years has shown
that the overall absolute change in lipoprotein(a) levels
is relatively modest but may be more pronounced in
subjects with very high lipoprotein(a) levels (60). The
level is also not affected by fasting (61).

Because lipoprotein(a) levels are predominantly
determined by genetics, lifestyle modifications appear
to have minimal effects (45). A low carbohydrate/high
saturated fat diet was shown to result in a 15%
decrease in lipoprotein(a) levels (62), whereas a
decrease in saturated fat was associated with a 10-
15% increase in lipoprotein(a) levels (63). Dietary
changes may affect lipoprotein(a) levels in the
opposite direction to LDL-C. Physical activity and
exercise may affect lipoprotein(a) levels but the results
are inconsistent and it may depend on the host, type,
intensity, and duration (64).

As lipoprotein(a) is produced by the liver, a reduction
in lipoprotein(a) levels is observed in liver disease
(65,66). Liver transplantation has been shown to
change apo(a) isoform to that of the donor with
corresponding changes in lipoprotein(a) levels (67). In
contrast, elevations of lipoprotein(a) levels are shown
in nephrotic syndrome and chronic kidney diseases,
either from impaired catabolism or increased hepatic
production in response to protein loss in urine or in
dialysis (68,69). A large increase is found among
subjects who carry large apo(a) isoform sizes (70).
Initiation of dialysis has no effect on lipoprotein(a)
levels (71). Kidney transplantation can rapidly
normalize lipoprotein(a) levels within several weeks
(72-74).

Infection and inflammation also affect lipoprotein(a)
levels. In acute and chronic inflammatory conditions,
such as autoimmune diseases, lipoprotein(a) levels
were increased (10,75), but in severe life-threatening
conditions, such as sepsis and burns, lipoprotein(a)
levels were decreased (76). Lipoprotein(a) levels
increased during COVID infections, which might be
responsible for increased thromboembolic events
(77,78). The LPA gene contains interleukin-6
response elements (79) and elevated lipoprotein(a)
levels could be decreased using interleukin-6 receptor
blockade by tocilizumab (80). Following acute
myocardial infarction, earlier results on the changes in
lipoprotein(a) were conflicting, which could be due to
differences in assay system (81,82).

Changes in endogenous sex hormones, including
menopause and ovariectomy, have been found to
have minimal effects on lipoprotein(a) levels (83,84),
although a 27% increase after menopause has also
been reported (85). Castration and orchidectomy have
been shown to slightly increase lipoprotein(a) levels
(86,87). Hormone replacement therapy in
postmenopausal women reduces lipoprotein(a) levels
by approximately 12-25% (85,88).

Longitudinal studies during pregnancy have shown
that lipoprotein(a) levels are increased during the first
trimester, peak at the middle of the second trimester
and return to baseline after childbirth (89-91). Other
studies, however, report no changes in lipoprotein(a)
during pregnancy (92,93).

Hyperthyroidism is associated with a reduction in
lipoprotein(a) level and treatment is found to increase
it (94). Hypothyroidism is also associated with an
elevation in lipoprotein(a) level and treatment with
thyroxine can reduce it (94). Growth hormone (GH)
therapy for GH-deficient adults can markedly increase
lipoprotein(a) levels (95).
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A decrease in lipoprotein(a) level has been reported in
several genetic disorders of lipoprotein metabolism
including abetalipoproteinemia, lecithin-cholesterol
acyltransferase (LCAT) deficiency, and lipoprotein
lipase deficiency (96). In contrast, an increase in
lipoprotein(a) level is observed in familial

hypercholesterolemia (FH) and familial defective apo
B (96).

Conditions that have been reported to increase or
decrease lipoprotein(a) levels are shown in Table 1.

Table 1. Conditions Associated with Changes in Lipoprotein(a) Levels

Increase Decrease

No change

High carbohydrate/low fat diet
(10-15%)

Low carbohydrate/high fat diet
(10-15%)

Lifestyle intervention

Hypothyroidism (5-20%)

Hyperthyroidism (20-25%)

Alcohol consumption

Pregnancy (200%)

Hormone replacement therapy
(25%)

Fasting

Castration/ovariectomy (small)

Severe acute-phase reactions
(burn/sepsis)

Endogenous sex hormone

Growth hormone therapy (25-

Tocilizumab (30-40%)

Menopause

100%)

Chronic kidney disease (200-
400%)

Hepatitis/cirrhosis

Nephrotic syndrome (300-
500%)

Severe inflammatory condition

Protease
inhibitors/antiretroviral therapy

ISSUES IN LIPOPROTEIN(A) MEASUREMENT AND
REPORTING

The wide variation in apo(a) isoform size among
individuals poses challenges in measuring and
reporting lipoprotein(a) levels. Most commercially
available immunoassays use polyclonal antibodies
which may cross-react with multiple KIV2 repeats (97).
As a result, it may overestimate or underestimate
lipoprotein(a) levels in subjects with large or small
apo(a) isoforms, respectively. Currently, the latex-
enhanced immunoturbidimetric method by Denka
Seiken, Japan, has been shown to be less affected to
apo(a) isoform size variability with high concordance

of values when compared with the reference enzyme-
linked immunosorbent assay (ELISA) method (98,99).
Although the antibodies used in the Denka assay are
still isoform dependent, the impact of apo(a) size
variation is minimized by the use of five different
calibrators (99). Nevertheless, results comparing six
commercially available immunoassays, all of which
use five-point calibrators, show a wide range of
discrepancy among various assays (100). The
reference ELISA method using monoclonal antibodies
developed by a group at the University of Washington
is considered the least apo(a) isoform size-sensitive
immunoassay available (98,99). Recently, a newly
developed LC-MS/MS method has been shown to be

www.EndoText.org 7


http://www.endotext.org/

unaffected by the apo(a) isoform size polymorphism
and proposed as a candidate reference method for
standardization of lipoprotein(a) assay (101).

Besides the issues in measuring lipoprotein(a) levels,
the reporting of lipoprotein(a) levels is also
challenging. Currently, there are 2 types of
commercially available assays to measure and report
lipoprotein(a) levels. The first one reports the level in
total lipoprotein(a) mass concentrations, which include
the mass of apo(a), apo B-100, lipid, and carbohydrate
components. The values are based on assay
calibrators and are expressed in mg/dL. In the first
method, there is no traceability of the various
calibrators to the reference material (102). In the
second method, the level is reported in lipoprotein(a)
particle number and expressed in nmol/L of apo(a).
The assay calibrators used in the second approach
are traceable to the World Health
Organization/International Federation of Clinical
Chemistry and Laboratory Medicine (WHO/IFCCLM)
secondary reference material (98) and the values are
compared to the “gold standard” monoclonal antibody-
based ELISA developed by Marcovina et al. (103). It
is recommended that lipoprotein(a) levels should be
measured with an assay which is least subjected to
apo(a) isoform size and has been calibrated with the
WHO/IFCCLM reference material. Current
recommendations also encourage the reporting of
lipoprotein(a) levels in molar units, but if it is not
available, the units in which the assay is calibrated
should be used for reporting (59,104,105).

It is known that different apo(a) isoform sizes give
different molecular weights (106), therefore, direct
conversion between molar and mass concentrations
(i.e. nmol/lL and mg/dL) using a single conversion
factor could be misleading and is discouraged
(59,99,106). Nevertheless, a factor of 2.0-2.5 is
traditionally used to convert from a mass unit to a
molar unit (97), although it may vary from 1.85 for a
large apo(a) size to 2.85 for a small apo(a) size (99).

Since lipoprotein(a) and LDL have relatively similar
size and density, cholesterol contained in
lipoprotein(a) particles cannot be separated from that
in LDL particles and is therefore collectively reported
as LDL-C concentration. Previous experiments of
isolated lipoprotein(a) particles showed that
cholesterol accounted for approximately 30% of
lipoprotein(a) mass  concentration, therefore,
lipoprotein(a)-cholesterol could be estimated by
multiplying lipoprotein(a) mass (mg/dL) by 0.3 and
used to correct LDL-C (lipoprotein(a)-cholesterol-
corrected LDL-C) (59). However, a recent study
directly measured lipoprotein(a)-cholesterol relative to
lipoprotein(a) mass demonstrated that the percentage
varied widely, ranging from 5.8% to 57.3% with a
median of 17.3% (107), therefore, routine correction of
LDL-C for lipoprotein(a)-cholesterol is currently not
recommended in clinical practice (59). There are
certain exceptions to this. First, in patients with
clinically suspected familiar hypercholesterolemia
(FH) and elevated lipoprotein(a) levels, measurement
of lipoprotein(a)-cholesterol may be warranted since
the corrected value may help exclude the diagnosis of
FH and avoid unnecessary genetic testing (108).
Second, correcting LDL-C for lipoprotein(a)-
cholesterol may help explain the suboptimal response
or resistance to statin therapy. High levels of
lipoprotein(a) result in falsely elevated LDL-C. Since
statins do not lower lipoprotein(a) levels, cholesterol in
lipoprotein(a) is considered a statin-resistant fraction
of LDL-C.

EFFECTS OF LIPOPROTEIN(A) ON VASCULAR
DISEASE

Lipoprotein(a) exerts multiple effects that could be
proatherogenic, proinflammatory, and prothrombotic.

Lipoprotein(a) could be atherogenic since
lipoprotein(a) is small enough (<70 nm in diameter) to
enter and become trapped in the vascular wall.
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Cholesterol carried on lipoprotein(a) particle could
then be deposited in the arterial intima and aortic
valvular leaflets. However, the number of circulating
lipoprotein(a) particles is substantially lower than that
of LDL particles. As a result, the amount of cholesterol
deposited from lipoprotein(a) is expected to be much
lower than that from LDL (109). Apo(a), the main
protein of lipoprotein(a), also contains lysine-binding
sites that could tightly bind to exposed surface of
denuded endothelium of the vascular wall or the aortic
valve leaflets. In an animal experiment of endothelial
injury, it was found that lipoprotein(a) preferentially
accumulated at injured sites, compared with LDL
(110). These findings suggest that accumulation of
lipoprotein(a) at the site of vascular injury could be the
primary mechanism by which elevated lipoprotein(a)
causes cardiovascular disease.

There is increasing evidence that oxidized
phospholipids carried on lipoprotein(a) play a major
role in atherogenesis and valvular calcification. In
plasma, lipoprotein(a) is the main carrier of oxidized
phospholipids (15). Interaction between oxidized
phospholipids and apo(a) is mediated by the histidine
residues in the KIV-10 domain of apo(a) (111,112).
These oxidized phospholipids are both proatherogenic
and proinflammatory (113). Oxidized phospholipids
can induce inflammation by binding TLR2, TLRA4,
CD14 and CD36 on monocytes, macrophages, and
endothelial cells (79,114). The result is an activation of
multiple cytokines, chemokines, and adhesion
molecules that mediate monocyte activation and
migration into the vascular wall, endothelial
dysfunction and proliferation, proliferation and
migration of vascular smooth muscle cells into the
atheromatous plaques, generation of reactive oxygen
species, progression of vascular wall inflammation,
and cell apoptosis that could lead to plaque rupture
(115,116).

Structurally, apo(a) is similar to plasminogen, but the
protease domain of apo(a) is catalytically inactive.

Therefore, apo(a) may inhibit binding of plasminogen
to endothelial cell surface receptor, compete with
plasminogen for fibrin affinity sites, and interfere with
fibrinolytic activity of plasminogen through a molecular
mimicry mechanism (21). However, lowering
lipoprotein(a) levels does not affect ex vivo fibrinolysis
(117), suggesting that the role of lipoprotein(a) in
thrombosis may involve other mechanisms beyond
fibrinolysis (118). Lipoprotein(a) has also been shown
to induce tissue factor expression, inhibit tissue factor
pathway inhibitor, promote platelet activation and
aggregation, and alter the structure of fibrin, which
ultimately leads to thrombosis (118).

It is of note that these proatherogenic, proinflamma-
tory, and prothrombotic effects of lipoprotein(a) have
been demonstrated mainly from in vitro studies, and
the clinical significance of these findings needs to be
established from human studies.

LIPOPROTEIN(A) AND CARDIOVASCULAR
DISEASE

Over the past two decades, data from epidemiological
studies, meta-analyses, genome-wide association
studies, and Mendelian randomization studies, have
provided conclusive evidence that elevated
lipoprotein(a) levels are associated with a higher risk
of ASCVD (16,18,47,119-121). This is true in all
ethnicities studied to date (17,55,122). The result of a
genome-wide association study revealed that the most
potent genetic association with coronary artery
disease (CAD) was the LPA locus (121). A number of
Mendelian randomization studies have shown that
genetic variants associated with high lipoprotein(a)
levels are more prevalent in subjects with ASCVD
(18,47), whereas genetic variants associated with low
lipoprotein(a) levels are protective against the
development of ASCVD (31,49).

Several epidemiological studies, both in primary
prevention and secondary prevention settings, have
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shown an association between lipoprotein(a) levels
and ASCVD (17,19,55,120,123). The association is
continuous and linear in different ethnicities without
evidence of a threshold effect (17,120). Data from a
large prospective cohort study from the UK Biobank
showed a broadly linear relationship between
lipoprotein(a) levels and ASCVD with an 11%
increased risk of ASCVD with every 50 nmol/L
increase in lipoprotein(a) levels (17). Another study
also reported a relatively similar result, showing a
2.9% increased risk of CVD with every 18 nmol/L (10
mg/dL) increment in lipoprotein(a) levels (124).

Results from the clinical trials suggest that
lipoprotein(a) might be a determinant of residual risk
of ASCVD in patients who achieved low levels of LDL-
C. For example, in the JUPITER trial using high-
intensity rosuvastatin, on-statin lipoprotein(a) levels
were associated with a residual risk of ASCVD even at
low LDL-C levels (125). Similarly, findings from the
FOURIER and ODYSSEY-OUTCOMES trials, using
statins and PCSK9 inhibitors evolocumab and
alirocumab, respectively, also demonstrated that
patients with the higher baseline lipoprotein(a) levels
were at an elevated risk of ASCVD irrespective of LDL-
C levels (126,127). Lipoprotein(a) level is not
associated with coronary artery calcium score, but
both are independently associated with ASCVD risk
(128). Elevated levels of lipoprotein(a) are associated
with accelerated progression of atherosclerotic plaque
(129).

The association between lipoprotein(a) levels and
ASCVD is strongest for MI, atherosclerotic stenosis,
and calcific aortic valvular disease (CAVD) (16).
Additionally, very high levels of lipoprotein(a) levels
are also associated with an increased risk of ischemic
stroke (120,130) and heart failure (131), although the
associations are weaker.

Not only that lipoprotein(a) is a determinant of ASCVD
in patients with lower risk of ASCVD, but in subjects

who are at higher risk of ASCVD, such as those with
FH, elevated lipoprotein(a) levels have also been
shown to be associated with a higher risk of ASCVD
(132,133). Lipoprotein(a) is also an independent
predictor of MI and mortality in patients with CKD
(134).

Regarding prothrombotic effects of lipoprotein(a),
although in vitro data demonstrated that lipoprotein(a)
might impair fibrinolysis, a potential role for
lipoprotein(a) in prothrombotic and antifibrinolytic
activity in vivo remains unproven (21). Epidemiological
studies and Mendelian randomization studies have
failed to establish the major role of lipoprotein(a) in
venous thrombosis in adults (135,136). In children,
however, there is some evidence that elevated
lipoprotein(a) level is a risk factor for arterial ischemic
stroke and venous thromboembolism (137).

LIPOPROTEIN(A) AND CALCIFIC AORTIC
VALVULAR DISEASE

Calcific aortic valvular disease (CAVD) is the disease
of the aortic valve that includes early valvular sclerosis
and advanced aortic valvular stenosis. CAVD is the
leading cause of aortic valve replacement in
developed countries, but there is currently no available
medical treatment for CAVD. CAVD is characterized
by thickening of the aortic valve leaflets with
progressive stenosis of the aortic valve. Although the
early stages of CAVD are asymptomatic, severe aortic
stenosis may lead to significant left ventricular outflow
obstruction and subsequent development of syncope,
angina and heart failure.

Early cross-sectional studies have shown a strong
association between elevated lipoprotein(a) and
CAVD (138,139). Such association, however, cannot
be used to indicate that lipoprotein(a) is causal for
CAVD. In 2013, a genome-wide association study in
subjects of European ancestry reported an association
between genetic variants in the LPA locus and CAVD
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(20), which was also confirmed across multiple ethnic
groups (20,140). Subsequent cohort and case-control
studies have verified this finding and further linked
lipoprotein(a) levels and oxidized phospholipids to
CAVD (141-144). Lipoprotein(a) is now considered as
a new causal risk factor for CAVD (16). Two recent
meta-analyses show that plasma lipoprotein(a) levels
>50 mg/dL are associated with a 1.76-1.79-fold
increased risk of CAVD (145,146). Elevated
lipoprotein(a) levels have also been associated with
the faster progression of CAVD and the increased risk
for aortic valve replacement and cardiovascular death
(143,146-149). In contrast, genetically lowered levels
of lipoprotein(a) are associated with a 37% lower risk
of aortic stenosis (150).

The normal aortic valve consists of endothelial cells
and valvular interstitial cells. In the early stage of
CAVD, increased permeability of valvular endothelial
cells occurs and results in endothelial barrier
dysfunction. Mechanical shear stress may cause
further injury to the valvular endothelial cells, leading
to endothelium denudation. As a result, lipid infiltration
by LDL and lipoprotein(a) follows, similar to the
development of atherosclerosis. Inflammatory
responses ensue and induce the valvular interstitial
cells to gain a myofibroblast-like phenotype and
release collagen matrix along with other bone-related
proteins. The later stage of CAVD is characterized by
the osteogenic differentiation of the valvular interstitial
cells, resulting in progressive calcification of the aortic
valve. Apoptosis of the valvular interstitial cells can
lead to formation of hydroxyapatite crystals and further
calcification, creating the propagation of both
inflammation and calcification. Progressive fibrosis
and widespread calcification ultimately result in
thickening and dysfunction of the aortic valvular
leaflets.

The role of lipoprotein(a) in the molecular
pathogenesis of CAVD is now accumulating. Apo(a)
may increase the endothelial cell permeability through

the Rho/RhoK signaling pathway, which is dependent
on the lysine-binding site in the KIV10 domain. Since
lipoprotein(a) is a major carrier of oxidized
phospholipids in plasma, infiltration of lipoprotein(a) in
the valvular tissue can deliver oxidized phospholipids
to the valve. Oxidized phospholipids can directly
attract monocytes and promote the transformation into
macrophages. Oxidized phospholipids can then
interact with various receptors on the macrophage,
resulting in the release of several pro-inflammatory
cytokines and subsequent formation of foam cells.
Lipoprotein-associated phospholipase A2 (Lp-PLA2)
from the macrophage carried on lipoprotein(a) can
also act on oxidized phospholipids and generate
lysophosphatidylcholine. Autotaxin, a
lysophospholipase D enzyme secreted by the valvular
interstitial cells and carried on lipoprotein(a) particles
(151), can convert lysophosphatidylcholine into
lysophosphatidic acid. Lysophosphatidic acid is both
pro-inflammatory and pro-calcifying. By binding the
lysophospholipid receptor on the valvular interstitial
cells, it can activate the nuclear factor kappa B (NF-
kB) and the Wnt-B-catenin pathways, leading to
increased transcripts of IL-6 and various osteogenic
genes, including runt-related transcription factor 2
(RUNX2) and bone morphogenetic protein 2 (BMP2).
The result is the production of alkaline phosphatase,
calcium deposition, inflammation, and calcification of
the aortic valve (152).

These molecular pathways involved in the
pathogenesis of CAVD provide several targets of
interest, in addition to lipoprotein(a), that could be
targeted and may lead to novel therapies for CAVD in
the future.

GUIDELINE RECOMMENDATIONS FOR
MEASUREMENT OF LIPOPROTEIN(A) LEVELS

Measurement of lipoprotein(a) levels could help refine
the cardiovascular risk in certain conditions and
various professional societies have recommended
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specific clinical conditions that warrant the
measurement of lipoprotein(a) levels (59,105,153-
156) as shown in Table 2.

Table 2. Guideline Recommendations for Lipoprotein(a) Measurement
Indications AHA HEART | NLA CCS 2021 | BHS EAS 2022
2018 UK 2019 2022
2019
1. Familial v v All v All adults
hypercholesterolemia individuals
2. Family history (1% v v v v
degree relatives) of
premature ASCVD
3. Family history (1% v v v
degree relatives) of
elevated lipoprotein(a)
4. Personal history of v v
premature ASCVD
5. Recurrent CVD v
despite optimal statin
treatment
6. Inadequate LDL-C v
reduction in response
to statin
7. Borderline or v v v v
intermediate risk of
ASCVD
8. Calcific valvular v v v
aortic stenosis
It has been pointed out that different least once in each adult person’s lifetime (158). The

recommendations on measurement of lipoprotein(a)
among various guidelines may be related to when the
guidelines have been written (157). Most of the earlier
guidelines list a number of conditions in which
lipoprotein(a) should be measured, but the 2019
European Society of Cardiology/European
Atherosclerosis Society (ESC/EAS) dyslipidemia
guidelines have simplified this and recommended that
lipoprotein(a) measurement should be considered at

rationale behind this recommendation is to identify
individuals with very high levels of lipoprotein(a), i.e.,
>180 mg/dL or >430 nmol/L, who have a lifetime risk
of ASCVD equivalent to that of heterozygous FH
(158). Thus, measuring lipoprotein(a) levels in those
with very high levels could make a significant
contribution in the overall management to reduce
cardiovascular risk. For the latest EAS lipoprotein(a)
consensus statement published in 2022, it is
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recommended that lipoprotein(a) levels should be
measured at least once in every adult (59).
Incorporating lipoprotein(a) levels in  the
cardiovascular risk assessment could help improve
risk stratification and provide comprehensive ASCVD
risk evaluation. In addition, failure to consider an
individual’s lipoprotein(a) level could lead to an
underestimate of the absolute cardiovascular risk (59).
For example, in a person with baseline risk of ASCVD
events of 25%, a lipoprotein(a) level of 150 mg/dL will
substantially increase the risk to 68% (59). A new risk
calculator incorporating lipoprotein(a) levels and other
traditional cardiovascular risk factors is now publicly
available at http://www.lpaclinicalguidance.com.

Elevated lipoprotein(a) level is transmitted as a co-
dominant trait. When an index subject is found to have
high lipoprotein(a) level, screening for high
lipoprotein(a) level in other family members is
recommended and could help identify other affected
family members (59). This approach is relatively
similar to cascade screening in FH, except that genetic
testing is not required. For children, there is a
recommendation that children who have history of
hemorrhagic or ischemic stroke, children of a parent
with premature ASCVD and no other identifiable risk
factors, and children of a parent with high levels of
lipoprotein(a) should have lipoprotein(a) testing
(59,154).

In general, the higher the lipoprotein(a) level, the
greater risk for ASCVD. Therefore, the use of a
specific threshold is biologically implausible and not
appropriate. However, clinical practice guidelines
prefer the use of a certain threshold for therapeutic
decisions. An early study in patients who suffered
acute MI proposed the lipoprotein(a) level of >30
mg/dL to reflect a higher risk of Ml (5), and this cutoff
values have been referred to in several guideline
recommendations from various international societies
(156,159,160).  Another  threshold level of
lipoprotein(a) that has been used by other professional

societies to confer an increased risk of ASCVD is 50
mg/dL  or 100-125 nmol/L (153,154), which
corresponds to the 80" percentile in the European
descent (45). A recent 2022 consensus statement
from the EAS proposed a threshold of >50 mg/dL (125
nmol/L) to rule in and <30 mg/dL (75 nmol/L) to rule
out cardiovascular risk, whereas levels between 30-50
mg/dL (75-125 nmol/L) are grey zones (59). Different
thresholds according to ethnicities have been
proposed (161), although a large study from the UK
Biobank has shown that the ASCVD risk among
various ethnicities is similar when using a uniform
threshold of >150 nmol/L (17). At present, current
management should remain the same regardless of
ethnicity.

Interestingly, an inverse relationship between
lipoprotein(a) levels and the risk of type 2 diabetes has
been demonstrated from various studies and subjects
with very low levels of lipoprotein(a) are at increased
risk of diabetes (32-36,162). Some, but not all, genetic
studies also suggest that low lipoprotein(a) level is
causally associated with the risk of diabetes (33-35).
The exact mechanism underlying this association is
currently unclear. Whether potent  specific
lipoprotein(a)-lowering therapy might increase the risk
of diabetes remains to be determined.

LIPOPROTEIN(A)-LOWERING TREATMENT

Currently, there is no approved medication for
lowering lipoprotein(a) levels. Currently available lipid-
lowering medications result in modest (10-30%)
reduction in lipoprotein(a) levels (table 3) (163). Data
from the Mendelian randomization studies have
suggested that lowering lipoprotein(a) levels by
approximately 100 mg/dL (215 nmol/L) would produce
a similar benefit of reducing ASCVD risk by 22% as
shown by lowering LDL-C levels by 38.6 mg/dL (1
mmol/L) using statin therapy (164). A separate
analysis using data from primary prevention studies
suggested that this number might be overestimated

www.EndoText.org 13


http://www.endotext.org/

and lowering lipoprotein(a) levels by 65 mg/dL would
be enough to give 22% ASCVD risk reduction
(165,166). Similarly, data from the Copenhagen
General Population Study demonstrated that lowering
lipoprotein(a) by 50 mg/dL (105 nmol/L) within a 5-
year period would produce a 20% reduction in major
adverse cardiovascular events for secondary
prevention (167). It is of note that lowering LDL-C
levels of 38.6 mg/dL to give a reduction of an adverse
cardiovascular event of 22% was used only as a
benchmark and it is possible that lowering
lipoprotein(a) levels by smaller amount may also be
beneficial as previously shown for LDL-C lowering.

Although early studies report an increase in
lipoprotein(a) levels after statin therapy, recent meta-
analyses of statin therapy show that there is
heterogeneity across studies. In addition, the changes
in lipoprotein(a) levels are relatively small and may not
be clinically meaningful (168,169). Currently, it is
widely accepted that the benefits of statin in lowering
LDL-C levels and decreasing ASCVD risk outweigh
the potential risk associated with a small increase in
lipoprotein(a) levels.

PCSK9 inhibitors, including evolocumab, alirocumab
and inclisiran, can lower lipoprotein(a) levels by 10-
30% and the absolute reduction is greatest in those
with  high lipoprotein(a) levels at baseline
(126,127,170). A post-hoc analysis from the
FOURIER trial using evolocumab reported a 23%
decrease in adverse cardiovascular events in those
with a baseline lipoprotein(a) level >37 nmol/L and a
7% reduction in those with <37 nmol/L (126). A
significant relationship between a 15% lower risk per
25 nmol/L reduction of lipoprotein(a) levels was also
observed. These data suggest that a small lowering in
lipoprotein(a) level might have a clinical benefit.
Results from the ODYSSEY Outcomes trial using
alirocumab also showed a significant reduction in
major cardiovascular events among those in the two

highest quartiles of baseline lipoprotein(a) levels
(127).

Interestingly, an exploratory analysis of the FOURIER
trial further showed that lipoprotein(a) level was
associated with future aortic stenosis (AS) events
(new or worsening CAVD or aortic valve replacement)
and that evolocumab therapy beyond one year might
reduce these AS events (171). However, it should be
noted that this post hoc analysis was performed in only
a small number of subjects and the original trial was
not designed to evaluate the impact of PCSK9
inhibitors on CAVD.

Other lipid-lowering medications, such as fibrates,
ezetimibe, bempedoic acid and bile acid sequestrants,
also have modest effects on lipoprotein(a) levels
(163). Niacin can lower lipoprotein(a) levels by 20%
due to decreased LPA mRNA and apo(a) production
rate (172). Mipomersen and CETP inhibitors also
decrease lipoprotein(a) levels by 20-30% (173).
Currently, the use of these medications to lower
lipoprotein(a) level is not advised.

Lipoprotein apheresis is an option to lower
lipoprotein(a) levels in clinical practice, although levels
of all apoB-containing lipoproteins are reduced after
treatment (174). A median reduction in lipoprotein(a)
level by 70% was observed (175) but the time-
averaged reduction was around 30-35% (176).
Notably, a reduction in CAD events has been reported
from several retrospective studies (177-180).
Lipoprotein apheresis could therefore be considered
in those with very high levels of lipoprotein(a) and
progressive cardiovascular disease despite optimal
management of other risk factors (174). Worldwide,
lipoprotein apheresis is not commonly performed
except in Germany where it is approved for ASCVD
patients who have elevated lipoprotein(a) levels (>120
nmol/L or >60 mg/dL) and recurrent ASCVD events,
irrespective of LDL-C levels (175). Recently, it is also
approved in the United States for patients with
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lipoprotein(a) levels >60 mg/dL and LDL-C levels >100
mg/dL with documented CAD or peripheral arterial
disease (163).

Without specific lipoprotein(a)-lowering therapy yet
available, in subjects with elevated lipoprotein(a)
levels, intensive risk factor management, such as
healthy diet and lifestyle behavior modifications, is
recommended along with the intensification of statin
therapy to lower the risk of ASCVD (59). Data from the
EPIC-Norfolk population-based study showed that in
subjects with elevated lipoprotein(a) above 50 mg/dL,
those who modified their lifestyles to maintain ideal
cardiovascular health had about one third of
cardiovascular risk compared to those with poor
cardiovascular health (181). These modifiable
cardiovascular health scores included body mass
index, healthy diet, physical activity, smoking status,
high blood pressure, diabetes and cholesterol
concentration (181). In those whose LDL-C target
levels are not achieved, ezetimibe or PCSK9 inhibitors
could be considered (154).

Aspirin has been shown to be associated with a
cardiovascular risk reduction in subjects who carried
the SNP rs3798220-C with elevated lipoprotein(a)
levels from the Women’s Health Study and the Aspirin
in Reducing Events in the Elderly (APREE) trial (182).
However, this SNP was present in only a small
percentage of Caucasian subjects (approximately 3-
4%) in these 2 trials. Therefore, further studies with a
larger number of subjects in broader populations are
needed to confirm the benefits of aspirin.

NEW SPECIFIC LIPOPROTEIN(A)-LOWERING
TREATMENT

Since apo(a) is exclusively produced by the liver,
novel therapies targeting hepatic apo(a) production
using antisense oligonucleotide (ASO) and small
interfering RNA (siRNA) technologies are under active
investigation.

Pelacarsen, formerly known as TQJ230, IONIS-
APO(a)-LRx and AKCEA-APO(a)-LRx, is a second
generation of apo(a) ASO, conjugated with N-
acetylgalactosamine (GalNAc). Since GalNac is
preferentially bound to asialoglycoprotein receptor on
the cell surface of hepatocytes, the design of this
GalNac-conjugated molecule will ensure the selective
uptake by  hepatocytes.  Administered by
subcutaneous injection every 4 weeks, it can bind
apo(a) RNA in the hepatocytes, leading to an
approximately 80% reduction in lipoprotein(a) levels in
subjects with lipoprotein(a) level >150 nmol/L or
approximately 60 mg/dL (183). Pelacarsen is
generally well tolerated with the most frequently
reported adverse event being injection site reactions.
Currently, a phase 3 Lp(a)-HORIZON (NCT04023552)
cardiovascular outcome study is underway to
investigate the efficacy and safety of pelacarsen at the
dose of 80 mg monthly for 4 years in subjects with
ASCVD and lipoprotein(a) >70 mg/dL.

Olpasiran, formerly known as AMG890 and ARO-LPA,
is a GalNAc-conjugated siRNA that could be given
every 3-6 months and result in a greater (>90%)
reduction in lipoprotein(a) levels in subjects with
lipoprotein(a) level >150 nmol/L or approximately 70
mg/dL (184). The most common adverse events were
injection site reactions and hypersensitivity reactions.
A cardiovascular outcome study (NCT05581303) is
currently investigating the effects of olpasiran given
every 12 weeks for 4 years in subjects with ASCVD
and lipoprotein(a) levels >200 nmol/L.

Zerlasiran, also known as SLN360, is another
GalNAc-conjugated siRNA (185). A Phase 1 study
investigated the safety and tolerability of zerlasiran
after single ascending doses and multiple doses in
healthy subjects with elevated lipoprotein(a) level
>150 nmol/L. A dose-dependent and sustained
reduction in lipoprotein(a) level has been observed
with a 98% reduction in the group receiving 600 mg of
zerlasiran (185). A phase 2 ALPACAR-360 study
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(NCT05537571) to evaluate the Lipoprotein (a)
lowering efficacy, safety and tolerability of zerlasiran
in adult participants with elevated lipoprotein(a) (=125
nmol/L) at high risk of ASCVD is now underway.

Besides nucleic acid therapeutics to inhibit hepatic
production of apo(a), small molecule inhibitors of
lipoprotein(a) formation have been developed.
Muvalaplin, an oral small molecule that blocks the

initial noncovalent binding between apo(a) and apo B-
100, thus disrupting lipoprotein(a) formation, has been
reported to lower lipoprotein(a) level by 65% after 14
days of daily dosing in a phase 1 study (186). No
serious adverse effects have been noted.

The effect of lipid-lowering medications on
lipoprotein(a) levels is shown in Table 3.

Table 3. Effect of Lipid-Lowering Medications on Lipoprotein(a) Levels

Statins No effect or slight increase
Ezetimibe No effect or slight increase
Fibrates No effect

Bempedoic acid

Minimal effect

Bile acid sequestrants

Minimal effect

Omega-3 fatty acids No effect

Niacin

Decrease 15-25%

Lomitapide

Decrease 15-20%

Mipomersen*

Decrease 20-30%

CETP inhibitors*

Decrease 20-30%

Estrogen Decrease 20-35%
PCSKO inhibitors Decrease 10-30%
Apo(a) ASO* Decrease 80%

Apo(a) siRNA* Decrease 90-98%

Apo(a) small molecule inhibitor*

Decrease 65%

*not currently available

The results of these ongoing and future clinical trials
of lipoprotein(a) reduction are eagerly awaited and are
expected to be the last piece of evidence supporting
and confirming the causal relationship between
lipoprotein(a) and ASCVD. Until a specific therapy for
elevated lipoprotein(a) is available, intensive
management of other modifiable cardiovascular risk
factors is strongly recommended. Whether these
lipoprotein(a)-lowering treatments would also be
beneficial in CAVD remains to be further explored.

CONCLUSION

After 60 years of its discovery, several issues of
lipoprotein(a) remain unresolved, including its function
and metabolism. While the causality of lipoprotein(a)
in ASCVD and CAVD has now been firmly established
by epidemiological, genetic association, and
Mendelian randomization studies, the next challenge
is to prove that lowering lipoprotein(a) levels also
leads to cardiovascular benefit in patients with
elevated lipoprotein(a) levels.
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