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ABSTRACT

therosclerotic cardiovascular disease

(ASCVD) is the most common cardiovascular

disease (CVD) worldwide and has become a
leading cause of death.' Dyslipidemia is considered
the core pathogenesis of ASCVD and deemed as a
reversible risk factor. It has been generally recognized
that low-density lipoprotein cholesterol (LDL-C) is a
critical blood lipid indicator and the primary target
for blood lipid intervention in ASCVD. However, ran-
domized controlled and real-world studies have
shown that a residual risk of cardiovascular events
(CVEs) still exists even when LDL-C levels are
controlled within an optimal range specified by cur-

rent guidelines.” It has been found that some novel

Elevated concentration of lipoprotein(a) [Lp(a)] is an independent risk factor for atherosclerotic cardiovascular
disease, including coronary artery disease, stroke, peripheral artery disease, and so on. Emerging data suggest that
Lp(a) contributes to the increased risk for cardiovascular events even in the setting of effective reduction of plasma
low-density lipoprotein cholesterol. Nevertheless, puzzling issues exist covering potential genetic factors, Lp(a)
assay, possible individuals for analysis, a cutoff point of increased risk, and clinical interventions. In the Chinese
population, Lp(a) exhibited a distinctive prevalence and regulated various cardiovascular diseases in specific ways.
Hence, it is valuable to clarify the role of Lp(a) in cardiovascular diseases and explore prevention and control
measures for the increase in Lp(a) prevalence in the Chinese population. This Beijing Heart Society experts'
scientific statement will present the detailed knowledge concerning Lp(a)-related studies combined with Chinese
population observations to provide the key points of reference. (JACC: Asia 2022;2:653-665) © 2022 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

blood lipid indicators are still associated with residual
risk. Much evidence has indicated that lipoprotein(a)
[Lp(a)] is a potential target for blood lipids interven-
tion, which has attracted eyes.

In fact, Lp(a) was first discovered and named about
60 years ago.’ Later, clinical observational studies
with a small sample size reported that a 3.5-fold
higher Lp(a) level might increase the risk of coro-
nary artery disease (CAD) and general CVEs, particu-
larly in those with LDL-C =130 mg/dL.* It was not
until the Mendelian Randomization Study in 2009
that Lp(a) was associated with an increased risk of
myocardial infarction (MI).> Since then, the signifi-
cance of Lp(a) has evoked growing attention.
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ABBREVIATIONS
AND ACRONYMS

AMI = acute myocardial
infarction

Apo = apolipoprotein

ASCVD = atherosclerotic
cardiovascular disease

CAD = coronary artery disease

CAVS = calcific aortic valve
stenosis

CVD = cardiovascular disease

CVE = cardiovascular event

Recently, various studies have been con-
ducted on Lp(a) from different perspectives
or using different approaches, including
pathophysiology,® epidemiology,” Mendelian
randomization,” whole-genome analysis,®
post hoc analysis of randomized controlled
clinical trials,® in specific populations such as
those with familial hypercholesterolemia
(FH),'° or through meta-analyses." The
findings consistently indicate that Lp(a) is
probably a pathological risk factor of ASCVD,
independent of LDL-C, attracting scholars’

FH = familial
hypercholesterolemia

GWAS = genome-wide
association analysis

KIV = Kringle IV

LA = lipoprotein apheresis

LDL-C = low-density
lipoprotein cholesterol

Lp(a) = lipoprotein(a)

MACE = major adverse
cardiovascular events

OxPL = oxidized phospholipids

PCSK9 = proprotein

convertase subtilisin/kexin

type 9

SNP = single nucleotide
polymorphism

T2DM = type 2 diabetes
mellitus

eyes to Lp(a).

Current evidence indicates that higher
Lp(a) levels predict a higher risk of CVE. This
prediction holds true in either the primary or
secondary prevention populations already
taking statins or proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) inhibitors."
However, we are still uncertain or even
confused about many aspects of Lp(a).
Several recent guidelines published in
various countries and regions have proposed
recommendations concerning Lp(a) cutoff,
target populations for Lp(a) testing, and
intervention strategies, although they are
different.

Compared with other populations, the
epidemiology of Lp(a) in the Chinese popu-
lation shows a unique differentiation. Dong
et al'”” found a genetic variation in Lp(a) at
single nucleotide polymorphisms (SNPs) rs6415084,
13798221, and rs7770628, which may cause the dif-
ferentiation of high Lp(a) plasma levels among the
Han Chinese population. A cross-sectional study of
3,462 case and 6,125 control subjects also suggested
that the Lp(a) distribution in the Chinese Han popu-
lation differs from that in Caucasian populations, and
high Lp(a) levels can be modified by some risk factors
in the Chinese Han population.'® Therefore, elevated

Lp(a) levels may be affected by many distinct factors,
and the epidemiology of Lp(a) is different in the
Chinese population. However, current guidelines on
the prevention and treatment of CVD in China are
deficient in systematic recommendations and guid-
ance based on the properties and significance of
Lp(a). Moreover, the underlying mechanisms of
elevated Lp(a) in the Chinese population are still
uncertain.

Given the facts in the previous text, we aimed to
provide a scientific statement on the relationship
between Lp(a) and CVD risk and management in this
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research. A modified Delphi method was applied to
develop scientific statement. A Central Illustration of
Lp(a)
comprehensive literature review was performed
regarding Lp(a) in Chinese population using PubMed
databases. We screened as many people as possible
from a Chinese population for a comprehensive and
overall understanding. We used the search terms:

in Chinese population was designed. A

“cardiovascular  diseases,” “ischemic stroke,”
“calcific aortic valve diseases,” “lipid metabolism,”
“lipoprotein(a),” or “Lp(a).” The statements, along
with literature, were then presented to a panel of 24
cardiovascular specialists. They are key experts in the
field of Lp(a) and CVD with years of clinical experi-
ence and deep understanding of the mechanisms and
treatment who are from different provinces in China.
The expert panel anonymously rated the statements
on a 1 to 10 scale (1 = strongly disagree and
10 = strongly agree). An expert scientific statement
development meeting was held virtually to review,
discuss, refine, and reformulate statements that did
not meet the criteria for agreement or were ambig-
uous. During the meeting, additional statements were
proposed. Panelists then confidentially revoted, and
statements rated =6 by 80% or more of the partici-
pants were accepted. Our expert panel summarized
the current knowledge about Lp(a) and reviewed the
research data on the Chinese population. Lp(a) was
systematically reviewed, and we have presented
some key points (Table 1) concerning the clinical
management of Lp(a) in the Chinese population to
guide clinical practice.

STRUCTURAL AND EPIDEMIOLOGICAL
FEATURES OF LP(a)

Lp(a) is an LDL-like particle with a single apolipo-
protein (apo) B100, which is covalently linked by a
disulfide bond to a single apo(a).’* Under an electron
microscope, Lp(a) is a spherical particle with a
diameter of about 21 nm and a density of about 1.05 to
1.10 g/mL. The structural diagram of Lp(a) is shown in
Figure 1'°: the LDL-like particle contains roughly 30%
to 46% cholesterol, apoB100, and oxidized phospho-
lipids (OxPL). Apo(a) is a highly glycated hydrophilic
protein, accounting for approximately 25% to 40% of
Lp(a). Lp(@) is known for its noticeable poly-
morphism, which is derived from varying lengths of
apo(a) peptide. Apo(a) contains 10 homologous plas-
minogen Kringle IV (KIV) domains. The similar Krin-
gle in the second domain of KIV has 2 to 40 copies,
whereas there is only 1 copy for other domains,
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A summary of lipoprotein(a) [Lp(a)] in Chinese population and the key recommendations of the statements of this review, including Lp(a) level distribution,
independent risk factors, comprehensive management, and Lp(a) testing. ASCVD = atherosclerotic cardiovascular disease; ASO = Antisense Oligomer; CAD = coronary
artery disease; CAVS = calcific aortic valve stenosis; LA = lipoprotein apheresis; LDL-C = low-density lipoprotein cholesterol; PCSK9 = proprotein convertase subtilisin/

kexin type 9; siRNA = small interfering RNA.

leading to large individual variations in the molecular
weight of Lp(a) and plasma Lp(a) levels. In addition,
the polymorphism of apo(a) also depends on its de-
gree of glycation.

Unlike LDL, Lp(a) cannot be converted from very-
low-density lipoprotein. Neither can it be turned
into other lipoproteins. In a word, Lp(a) is exclusively
synthesized in the liver. However, the site for Lp(a)
assembly is not fully identified. The assembly may be
in the liver cells, space of Disse, or blood circulation.
The steps of assembly include apo(a) docking to LDL
and then the formation of a covalent disulfide bond
between KIV-9 of apo(a) and apoB of LDL. However, it
is still unclear whether this process is reversible.
Moreover, little is known about the clearance
pathway and mechanism of Lp(a). So far, it is believed

that Lp(a) is cleared primarily by LDL receptors in the
liver and partially by kidneys and other pathways.'*
Studies have shown that scavenger receptor B type 1,
plasminogen receptor, low-density lipoprotein
receptor-related protein 1, and other receptors are
also involved in the Lp(a) clearance in the liver.
Unlike LDL-C levels obeying a normal distribution
in the population, Lp(a) levels are usually featured by
a skewed distribution. In most individuals (about
70%), Lp(a) levels are <30 mg/dL. One large-scale
epidemiological survey in the United States
recruited 531,144 outpatients. The Lp(a) data were all
collected from the CVD risk screening by general
practitioners among the general outpatients. The re-
sults showed a skewed distribution of Lp(a) levels,
with an average of 34.0 + 40.0 mg/dL and a median of
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TABLE 1 A Summary of 7 Expert Opinions

Expert
Opinion No.

Recommendation

Lp(a) levels show a skewed distribution, and geographic and racial variations have been observed. Generally speaking, Lp(a) levels are lower in the Chinese
population than in populations in other countries and regions.

Although serum Lp(a) levels are primarily determined by genetic factors, they may also be related to some nongenetic factors.

Increased Lp(a) levels are an independent risk factor for CAD, ischemic stroke, and CAVS.

Lp(a) testing is recommended for the following populations: 1) populations at extremely high risk for ASCVD; 2) individuals with a family history of early-
onset ASCVD (men <55 y of age, women <65 y of age); 3) individuals whose lineal relatives have Lp(a) levels =90 mg/dL (200 nmol/L); 4) FH or other
types of hereditary dyslipidemia; and 5) CAVS patients.

Guidelines and consensuses in different countries recommend different Lp(a) cutoff values for the increased cardiovascular risk. But, a cutoff value of
50 mg/dL is most common. Based on the existing data from the Chinese population, we also favor the Lp(a) cutoff value of 30 mg/dL for an increased
cardiovascular risk.

Lp(a) laboratory test: 1) a monoclonal antibody insensitive to apo(a) isomerism and not cross-reacting with plasminogen should be used; 2) a calibrator
material traceable to WHO/IFCC SRM-2B should be used; 3) the Lp(a) can be reported in values of either mass concentration or molar concentration
(molar concentration is preferred). However, no fixed value is used as a conversion factor between the mass concentration and the molar concentration.

There are 2 major management principles for increased Lp(a) levels: the first is to lower the overall ASCVD risk, and the second is to control all associated

types of dyslipidemia.

Apo = apolipoprotein; ASCVD = atherosclerotic cardiovascular disease; CAD = coronary artery disease; CAVS = calcific aortic valve stenosis; FH = familial hypercholesterolemia; Lp(a) = lipoprotein(a);

WHO = World Health Organization.

17 mg/dL (quartile: 7-47 mg/dL). Lp(a) levels =30
and =50 mg/dL were found in 35% and 24% of out-
patients, respectively.'® Similarly, Lp(a) levels also
show a skewed distribution in the Chinese popula-
tion, with a relatively lower 80th percentile. Among
9,238 healthy people receiving routine physical
check-ups in Jiangsu Province, the median Lp(a)
levels were 5.6 mg/dL. The 80th percentile was
20.7 mg/dL among women and 14.5 mg/dL among
men."”

Apo(a) polymorphism largely explains racial and
geographic differences in plasma Lp(a) levels. One
study compared Lp(a) levels among Chinese, Cauca-
sians, and African Americans, and their results
showed that median Lp(a) levels were 8.0, 9.0, and
33 mg/dL, respectively. It was also found that plasma
Lp(a) levels of the Chinese and Caucasians were
slightly different (P = 0.06). However, the difference
was much more noticeable when compared with Af-
rican Americans (P < 0.001).'® As for the geographical
variation of populations with increased Lp(a) levels
throughout the world, a working group under the
National Heart, Lung, and Blood Institute pointed out
in 2018 that over 1.4 billion people had Lp(a) levels
above 50 mg/dL. About 30% of such people live in
Africa; about 20% in Europe, North America, and
Oceania; and about 15% in South America. Except for
South Asia, where Lp(a) levels above 50 mg/dL were
found in about 25% of the population, Lp(a) levels
above 50 mg/dL were found in about 10% of

populations in other parts of Asia. These results
indicated racial variation of Lp(a) levels.

EXPERT OPINION 1. Lp(a) levels show a skewed dis-
tribution, and geographic and racial variations have
been observed. Generally speaking, Lp(a) levels are
lower in the Chinese population than in populations
in other countries and regions.

GENOMICS RESEARCH AND FACTORS
RELATED TO INCREASED LP(a) LEVELS

The genomics research has verified the correlation
between Lp(a) and CAD and ischemic stroke. A Men-
delian randomization study suggests that Lp(a) is
related to CAD.”> Data from the PROCARDIS (Preco-
cious Coronary Artery Disease) cohort and the
genome-wide association analysis (GWAS) showed
that 2 LPA SNPs (SNP rs10455872 and 1s3798220) were
associated with an increased risk of Lp(a) elevation
and CAD.® One GWAS recruited 1,403 CAD patients
receiving percutaneous coronary intervention. The
results showed that LPA polymorphisms rs7770628,
1s73596816, and 16926458 and SLC22A2 poly-
morphism 15144217738 were independently corre-
lated with Lp(a) levels. Among them, LPA
polymorphisms 1s7770628 and 1573596816 were
significantly correlated with the severity of CAD.*°
Another GWAS recruited 3 cohorts of European Cau-
casians, including 6,942 patients with aortic valve
calcification and 3,795 patients with mitral annular
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FIGURE 1 Schematic Diagram of the Lp(a) Composition

KIV,(2-40)

Lp(a) comprises apolipoprotein (apo) (a) covalently attached
to the apoB-100 component of a low-density lipoprotein
(LDL)-like moiety by a single disulfide bond. The organization of
the 10 types of Kringle IV (KIV) in apo(a) are shown, with KIV 2
being present in different numbers of copies in different
apo(a) isoforms. Also depicted is the presence of Kringle V (KV)
and the protease-like domain (P) in apo(a). The LDL-like moiety
comprises a single molecule of apoB-100, an outer amphi-
pathic shell of phospholipids and free cholesterol, and a
neutral lipid core of cholesteryl esters, and triglycerides.

OxPL = oxidized phospholipids.

calcification. Genetic testing showed that LPA SNP
(rs10455872) was associated with aortic valve calcifi-
cation (for each allele, OR: 2.05; P = 9 x 10 *°), which
was also verified in other cohorts.”

Although plasma Lp(a) levels mainly depend on
LPA polymorphisms (about 70%-90%), it is already
recognized that some nongenetic factors may also be
related to Lp(a) levels. In those with chronic renal
diseases, serum Lp(a) levels increase as the glomer-
ular filtration rate decreases, which is presumed to be
related to reduced catabolism of large isomers. Be-
sides, serum Lp(a) levels decrease in most patients
with liver diseases but increase in those with overt
hypothyroidism. Although serum Lp(a) levels are
unrelated to age or sex, hormone replacement ther-
apy in postmenopausal women significantly reduces
serum Lp(a) levels.'* Therefore, identifying second-
ary factors that possibly increase Lp(a) levels may
also be clinically significant.

EXPERT OPINION 2. Although serum Lp(a) levels are
primarily determined by genetic factors, they may
also be related to some nongenetic factors.

Li et al
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POSSIBLE PATHOGENIC MECHANISMS
OF LP(a)

The pathophysiological function of Lp(a) is not fully
understood yet. Considering its biological structure,
Lp(a) may induce ASCVD more easily than LDL-C.
First, Lp(a) can easily penetrate the arterial lining
and bind to the extracellular matrix components,
thereby promoting macrophage infiltration and
smooth muscle cell proliferation.?* Lp(a) is enriched
in plaques throughout the progression of ASCVD.
Second, Lp(a) contains a unique protein, apo(a),
which is critical for the atherogenic effect.”> Because
Apo(a) has a similar structure as plasminogen, Lp(a) is
speculated to be involved in the early repair of
wounds. The extracellular matrix is exposed to the
blood upon tissue damage. In that case, Lp(a) may be
recruited to the wounds to promote the inflow of
proinflammatory cells (eg, monocytes) beneath the
vascular endothelium, where it exerts a pro-
thrombotic effect by inhibiting fibrinolysis."” Finally,
among all lipoproteins, Lp(a) is the major carrier of
OxPL. OxPL shows important proinflammatory and
atherogenic properties, inducing the inflammatory
response of the arterial wall by activating the proin-
flammatory signaling in endothelial cells, smooth
muscle cells, and macrophages.”* Therefore,
compared with LDL-C, Lp(a) can also facilitate the
occurrence and development of ASCVD caused by its
prothrombotic and proinflammatory properties.
Recent studies have indicated that Lp(a) is involved
in the occurrence and development of valvular and
vascular calcification. However, the working mecha-
nism has not been elucidated yet.

CORRELATION BETWEEN LP(a) LEVELS
AND CVD

Genomics, epidemiological, and Mendelian randomi-
zation studies have shown that increased Lp(a) levels
are an independent risk factor for various CVD,
including CAD, ischemic stroke, and calcific aortic
valve stenosis (CAVS). Increased Lp(a) levels are also
a risk factor predicting CVD in patients with FH and
type 2 diabetes mellitus (T2DM).

CORONARY ARTERY DISEASE. Several observational
studies and genomics studies have demonstrated that
increased Lp(a) levels are an independent risk
factor for CAD. The AIM-HIGH (Atherothrombosis
Intervention in Metabolic Syndrome With Low HDL/
High Triglycerides: Impact on Global Health Out-
comes) trial indicated that the risk of major adverse
cardiovascular events (MACE) increased by 90% in

657
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patients with LDL-C levels reaching 65.2 mg/dL
(1.62 mmol/L) and Lp(a) =50 mg/dL compared with
those with similar LDL-C levels but lower Lp(a)
levels’ One meta-analysis included 7 randomized
controlled trials with 29,069 patients who received
statin therapy, and their results showed that
increased Lp(a) levels still increased the risk of CVD
even when the LDL-C levels were reduced after the
statin therapy.'' The Copenhagen City Heart Study
analyzed the data from 7,524 subjects who were fol-
lowed up for 16 years and reported that increased
Lp(a) levels were significantly positively correlated
with a higher risk of CVD." A large-scale observa-
tional study in a Chinese population showed that
Lp(a) was an independent risk factor for CAD. A
retrospective analysis based on the case collection
and scientific research system for clinical cardiology
database included 1,522 patients with the first episode
of acute myocardial infarction (AMI) and 1,691 control
subjects without CAD, and their findings revealed
that compared with the control group
(LDL-C <2.6 mmol/L, the first quintile in term of Lp(a)
levels), the OR values for the first episode of AMI in
those with Lp(a) levels in the second, third, fourth,
and fifth quintiles were 1.51, 1.84, 1.86, and
2.66, respectively.”

ISCHEMIC STROKE. Whether in observational studies
or genetic analyses, Lp(a) is found to be related to a
higher risk of ischemic stroke. The Copenhagen
General Population Study and the Copenhagen City
Heart Study included more than 60,000 patients with
ischemic stroke, and the results showed that higher
Lp(a) levels were related to a higher risk of ischemic
stroke. Compared with individuals with Lp(a)
levels <10 mg/dL, the risk ratio of ischemic stroke
corrected by multiple variables was 1.60 in those with
Lp(a) levels =93 mg/dL. In 1 observational study,
the risk ratio of ischemic stroke after correction for
age and in those with Lp(a)
levels =50 mg/dL.>° In another study, a cohort
included 10,375 randomly selected citizens aged
above 40 years from Jiading District, Shanghai.
Among them, 8,500 subjects were included in the
final analysis, and it was found that serum Lp(a)
levels were correlated with the risk of ischemic stroke

sex was 1.20

(P < 0.05). A multivariate correction was performed,
and it was revealed that compared with the low-Lp(a)
group, the HR of ischemic stroke was 1.34 in the high-
Lp(a) group.”” In a Mendelian randomization study,
the data from over 400,000 people indicated that
Lp(a) levels were positively correlated with ischemic
stroke induced by aortic occlusion and negatively
correlated with ischemic stroke induced by small
vessel occlusion.?®
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CALCIFIC AORTIC VALVE STENOSIS. Lp(a) is also a
risk factor for CAVS.?° The ASTRONOMER (Aortic
Stenosis Progression Observation: Measuring Effects
of Rosuvastatin) study measured Lp(a) levels in 220
patients with mild to moderate aortic stenosis who
were followed up for 3.5 years on average. The results
showed that increased Lp(a) levels were related to the
progression of CAVS.?° Another study selected Lp(a)
58.5 mg/dL as the cutoff value, and it was reported
that in patients with increased Lp(a) levels, aortic
stenosis progressed faster, suggesting that Lp(a)
might predict the progression from mild to moderate
CAVS.?® Liu et al*' detected serum Lp(a) levels in 652
Chinese CAVS patients who were followed up for an
average of 3.16 & 2.74 years. The clinical endpoint was
defined as the endpoint of aortic valve replacement
and cardiac death. The results showed that compared
with patients in the first and second quartiles in terms
of Lp(a) levels, the proportion of patients with severe
atherosclerosis was higher in those with the third
quartile (46.2% vs 33.9%; P = 0.005). In addition, the
highest quartile in terms of Lp(a) levels was an in-
dependent predictor of severe atherosclerosis (OR:
1.78; 95% CI: 1.18-2.66; P = 0.006). However, the third
quartile in terms of Lp(a) levels was not significantly
correlated with clinical events.*'

It is noteworthy that elevated Lp(a) levels are also a
risk factor for CVD in patients with FH and T2DM. The
SAFEHEART (Spanish Familial Hypercholesterolemia
Cohort Study) Registry recruited 2,404 FH patients
without prior episodes of ASCVD, and the median
follow-up period was 5.5 years. It was revealed that
Lp(a) levels were an independent predictor of ASCVD
in FH patients.'” Another Chinese study recruited a
consecutive series of 393 HeFH patients who were
divided into 3 groups based on baseline Lp(a) levels
(<19.7, 19.8-51.9, and =52.0 mg/dL). The average
follow-up period was 36.5 months. It was found that
higher Lp(a) levels were associated with a significant
reduction in the event-free survival rate (P = 0.004).
For each unit increase in Lp(a) levels after the loga-
rithmic transformation, the risk of CVEs doubled.??
Furthermore, increased Lp(a) levels were signifi-
cantly correlated with an increase in the ASCVD
events in patients with prediabetes (pre-DM) and
DM. 3334 A research team at Fuwai Hospital recruited a
consecutive series of 2,284 T2DM patients with prior
CVE from April 2011 to March 2017, who were fol-
lowed up for an average of 3 years. The results
showed that when CVD was combined with T2DM, the
cardiovascular risks associated with Lp(a) might
further increase.>> There are also occasional reports
indicating that increased Lp(a) levels are associated
with arterial calcification and venous thrombotic
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disease, but more evidence is needed to confirm this
finding.

EXPERT OPINION 3. Increased Lp(a) levels are an
independent risk factor for CAD, ischemic stroke, and
CAVS.

TARGET POPULATION FOR LP(a) TESTING

Plasma Lp(a) levels in individuals are primarily
determined by genetic factors and, therefore, remain
relatively stable throughout life. 1) The scientific
statement presented herein recommends Lp(a)
testing at least once for the general population, which
is consistent with the 2018 European Guidelines for
the Management of Dyslipidemia®®: Measurement of
Lp(a) should be considered at least once in each
person’s lifetime, if available, to identify people who
have inherited extremely increased levels of
Lp(a) =180 mg/dL (=430 nmol/L) and, therefore, have
a very high lifetime risk of ASCVD that is approxi-
mately equivalent to the risk associated with HeFH.
2) Based on evidence from the previously mentioned
guidelines, “the relationship between Lp(a) levels
and CVD,” the scientific statement presented herein
recommends Lp(a) testing in the following target
populations:

1. The population at extremely high risk for ASCVD
(2019 European Society of Cardiology/European
Atherosclerosis Society guidelines for the defini-
tion). The PRIME (Prospective Epidemiological
Study of Myocardial Infarction) study showed that
Lp(a) was a predictor of coronary heart disease.®”
Moreover, Lp(a) levels are independently corre-
lated with the risk of recurrent CVE; Lp(a) mea-
surement is helpful for timely intervention so as to
reduce the recurrence of CVEs.>®

2. Family history of early-onset ASCVD (men <55
years of age, women <65 years of age). The risk of
CVD is increased for individuals with a family
history of early-onset ASCVD.?° These individuals
are also associated with a higher atherosclerosis
burden.*® Increased Lp(a) levels can further
aggravate such risk, and Lp(a) testing is thus
necessary for those with a family history of early-
onset ASCVD.

3. Lineal relatives with serum Lp(a) levels =90 mg/dL
(=200 nmol/L). Inheritance of the Lp(a) molecule
is dominant. Lp(a) testing may be useful for lineal
relatives of patients with a severely increased
Lp(a) level (=90 mg/dL or =200 nmol/L).

4. FH and other types of hereditary dyslipidemia.
Lp(a) levels are one of the independent predictors
of ASCVD in FH patients,'® which is an important
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precipitating factor for ASCVD and also an indica-
tor during the cascade screening for FH. Previous
studies have shown that Lp(a) measurement is
beneficial for FH patients.

5. CAVS patients. Increased Lp(a) levels are a poten-
tial risk factor for CAVS,?° and earlier interventions
may be required for those with increased Lp(a)
levels. Lp(a) testing may guide treatment and
prolong follow-up intervals.

EXPERT OPINION 4. Lp(a) testing is recommended
for the following populations: 1) populations at
extremely high risk for ASCVD; 2) individuals with a
family history of early-onset ASCVD (men <55 years
of age, women <65 years of age); 3) individuals whose
lineal relatives have Lp(a) levels =90 mg/dL
(200 nmol/L); 4) FH or other types of hereditary
dyslipidemia; and 5) CAVS patients.

LP(a) CUTOFF VALUES

A large number of studies have pointed out the cor-
relation between increased Lp(a) levels and CAD,
ischemic stroke, and CAVS, which is associated with
an increased MACE risk. Unfortunately, there has
been no consensus on the Lp(a) cutoff values for
higher risk of CVD. In fact, data from studies with a
large sample size are required to determine Lp(a)
cutoff values. As mentioned in the previous text,
there are racial differences in Lp(a) levels. Therefore,
the Lp(a) cutoff values vary from one race to another.
Based on the existing studies and meta-analyses, the
expert panel suggests that the Lp(a) cutoff value for
the risk of atherosclerosis is about 30 to 50 mg/dL (or
75-125 nmol/L). However, recommendations from
guidelines and consensus in different countries vary
in the Lp(a) cutoff for the risk of CVD. According to
the 2016 Canadian Cardiovascular Society Guidelines
for the Management of Dyslipidemia for the Preven-
tion of Cardiovascular Disease in Adults,**
Lp(a) =30 mg/dL is considered a risk factor for CVD.
The guidelines recommend Lp(a) measurement for
treatment decisions, especially among young
moderate-risk populations who have a family history
of early-onset CAD but do not yet meet the high-risk
criteria. The 2016 Chinese Guidelines for the Preven-
tion and Treatment of Dyslipidemia in Adults*?
recommend that after excluding other potential fac-
tors induced by irritability, increased Lp(a) levels are
considered an independent risk factor for ASCVD. The
Lp(a) cutoff value is set to 30 mg/dL, above which the
CAD risk increases significantly. The European Soci-
ety of Cardiology guidelines for the management of
dyslipidemia and the National Lipid Association

659



660 Lietal

Expert Scientific Statement on Lp(a)

JACC: ASIA, VOL. 2, NO. 6, 2022
NOVEMBER 2022:653-665

TABLE 2 A Summary of Several Studies on Lp(a) Cutoff Values in Chinese Populations

stroke (ischemic and

(<4.6 mg/dL) vs the fourth quartile

ischemic and hemorrhagic ischemic

Population Sample Size Primary Endpoint High Lp(a) vs Low Lp(a) Main Conclusions Lp(a) Cutoff
Healthy population 9,238 Myocardial infarction Lp(a) <16.7 mg/dL vs High Lp(a) is significantly correlated 17 mg/dL
receiving routine Lp(a) =16.7 mg/dL with myocardial infarction
physical checkup'®
Patients with a history of 7,562 Recurrent CVE The first tertile of Lp(a) levels High Lp(a) is independently correlated 26.45 mg/dL
CAD*’ (<8.88 mg/dL) vs the third tertile with the risk of recurrent CVE
(=26.45 mg/dL)
Stable CAD patients with a 4,078 CVE Lp(a) <15 mg/dL vs High Lp(a) is correlated with CVE 30 mg/dL
history of PCI** Lp(a) =30 mg/dL
Patients with a history of 3,864 CVE The first quartile of Lp(a) levels The cumulative rates of CVEs and 18.84 mg/dL
M (<8.19 mg/dL) vs the third quartile cardiac mortality were significantly
(18.84-41.43 mg/dL) higher in patients with high Lp(a)
levels
Population aged >40 y and 8,500 Stroke Lp(a) <26 mg/dL vs High Lp(a) is significantly correlated 26 mg/dL
receiving routine Lp(a) =26 mg/dL with stroke
physical check-up?®
Patients with ischemic 2,149 Stroke The first quartile of Lp(a) levels High Lp(a) is positively correlated with 23.2 mg/L

hemorrhagic

)38

(=23.2 mg/dL)

stroke

CVE = cardiovascular event; MI = myocardial infarction; PCl = percutaneous coronary intervention; other abbreviations as in Table 1.

(NLA) recommendations have both proposed that in
clinical practice,***> Lp(a) levels =50 mg/dL (about
100-125 nmol/L) are associated with a significantly
higher risk for ASCVD. After treatment and manage-
ment of LDL-C, Lp(a) testing is recommended for
those with a moderate to high risk for CVD to achieve
the target of LDL <50 mg/dL (125 nmol/L). Several
studies on Lp(a) cutoff values in Chinese populations
are summarized in Table 2.'7:27:38:44.45 Most seem to
suggest that Lp(a) =30 mg/dL is an independent
predictor of CAD and ischemic stroke. Based on the
existing data on the Chinese population, we also
favor the Lp(a) cutoff value of 30 mg/dL.

EXPERT OPINION 5. Guidelines and consensuses in
different countries recommend different Lp(a) cutoff
values for the increased cardiovascular risk. But a
cutoff value of 50 mg/dL is most common. Based on
the existing data on the Chinese population, we also
favor the Lp(a) cutoff value of 30 mg/dL for an
increased cardiovascular risk.

LP(a) LAB TEST

Many studies have shown that Lp(a) testing facilitates
the diagnosis and classification of patients with a risk
caused by
increased Lp(a) levels. The cardiovascular risk
conferred by Lp(a) may be graded depending on the
lipoprotein(a) particle concentration. HEART UK
(Hyperlipidemia Education and Atherosclerosis

of atherosclerosis and thrombosis

Research Trust UK) has employed data from the
ongoing Copenhagen General Population Study® to
grade this risk based on percentile distributions as
follows: 32 to 90nmol/L, minor; 90 to 200 nmol/L,

moderate; 200 to 400 nmol/L, high; and =400 nmol/L,
very high. For the Chinese population, further studies
are required to derive ethnicity-specific ranges
appropriate to the Chinese population because Lp(a)
concentration varies by race/ethnicity.

As plasma concentrations of Lp(a) are predomi-
nantly genetically determined, they are relatively
stable over a lifetime. Therefore, Lp(a) may only need
to be measured once unless a secondary cause is
suspected or specific treatment is instituted to lower
its plasma concentration. Increased Lp(a) levels are
an independent risk factor for ASCVD. However, there
is still a lack of standardized Lp(a) laboratory test
procedures. Therefore, the correlation between Lp(a)
and CVD can hardly be evaluated accurately. Stan-
dardization of Lp(a) laboratory tests has become a
crucial topic in clinical practice. At present, the
Northwest Lipid Research Laboratories at the Uni-
versity of Washington has used the monoclonal an-
tibodies against apo(a) KIV-9 epitope a-40 and KIV-8
epitope ai-1 for the Sandwich enzyme-linked immu-
nosorbent assay procedure. This procedure is
accepted as the gold standard for detection and is
independent of the heterogeneity of apo(a). In 2003,
IFCC SRM 2B was accepted by the World Health Or-
ganization (WHO) as the secondary standard material
for Lp(a) for immunoassay (WHO/IFCC SRM-2B). This
standard material, traceable to the primary standard
material, has an Lp(a) content of 107.1 + 8.6 nmol/L.
At present, several guidelines proposed by different
countries have recommended that the detection
methods used in clinical laboratories should be
traceable to WHO/IFCC SRM-2B.'#*? It is noteworthy
that no fixed value is used as a conversion factor
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between the mass concentration method (mg/dL) and
the molar concentration method (nmol/L). So far, the
Lp(a) level is still reported in the unit of mg/dL in
clinical practice and studies. Before Lp(a) can be
uniformly reported in mmol/L, both 2 units are
acceptable (the molecular concentration method
traceable to SRM-2B is more favored).

EXPERT OPINION 6. Lp(a) laboratory test: 1) A
monoclonal antibody insensitive to apo(a) isomerism
and not cross-reacting with plasminogen should be
used; 2) a calibrator material traceable to WHO/IFCC
SRM-2B should be used; and 3) the Lp(a) can be
reported in values of either mass concentration or
molar concentration (molar concentration is
preferred). However, no fixed value is used as a
conversion factor between the mass concentration
and the molar concentration.

COMPREHENSIVE MANAGEMENT OF
PATIENTS WITH INCREASED LP(a) LEVELS

Lp(a)-lowering therapies should be more broadly
applied in clinical care settings in patients with or
without ASCVD in the future.*® Effective methods to
lower Lp(a) levels are still deficient, and neither are
there any specific drugs approved for this purpose.
For those with increased Lp(a) levels, there are 2
major management principles: the first is to lower the
overall ASCVD risk, and the second is to control all
associated types of dyslipidemia.

1. Lifestyle interventions: Lp(a) levels cannot be
directly lowered by dietary and sports in-
terventions. However, taking active measures to
control other reversible cardiovascular risk factors
is critical for lowering the overall cardiovascular
risk for patients with increased Lp(a) levels. In the
EPIC-Norfolk Study, compared with the partici-
pants with the lowest cardiovascular health scores,
those with increased Lp(a) levels (=50 mg/dL) and
the highest cardiovascular health scores (including
body mass index, healthy diet, physical activities,
smoking status, blood pressure, DM, and choles-
terol levels) had a dramatically reduced CVD risk
(corrected HR: 0.33; 95% CI: 0.17-0.63; P = 0.001).
These results indicated that a healthy lifestyle is
critical for those with increased Lp(a) levels.*” For
those with increased Lp(a) levels but at low risk for
ASCVD, lifestyle intervention should be encour-
aged. For those with a moderate or severe risk for
ASCVD, LDL-C-lowering therapy is recommended
to be prescribed in addition to lifestyle
intervention.
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2. Statin therapy: Lowering LDL-C levels can also
help reduce the CVD risk induced by increased
Lp(a) levels.*®*° Recommendations from the 2018
ACC/AHA cholesterol guideline®®: For the primary
prevention, populations at moderate risk for
ASCVD (10-year ASCVD risk 7.5%-19.9%),
Lp(a) =50 mg/dL or =100 nmol/L is a reasonable
risk factor, and moderate- or high-intensity statin
therapy may be considered. It is noteworthy that
even with LDL-C kept at a low level, the MACE risk
in patients with increased Lp(a) levels is still
significantly higher compared with those with low
Lp(a) levels,"*" indicating that the risk associated
with high Lp(a) levels cannot be completely elim-
inated by lipid-lowering drugs (eg, statins) or
keeping normal LDL-C levels. Therefore, some
patients with increased Lp(a) levels may benefit
from more active LDL-C-lowering therapy (eg,
statins). Some recent studies have shown that
statin therapy can mildly increase Lp(a) levels.
However, whether such an increase will further
increase the CVE risk remains unclear. Given the
facts in the previous text, our expert panel rec-
ommends statin therapy for ASCVD patients with
Lp(a) =30 mg/dL until LDL-C levels are below
55 mg/dL.

3. Niacin: Niacin can reduce Lp(a) levels by about
23%.°2> However, the AIM-HIGH and HPS2-THRIVE
(Heart Protection Study 2-Treatment of HDL to
Reduce the Incidence of Vascular Events) studies
indicate that the use of niacin based on statin
therapy did not reduce the CVE risk in patients at
high risk for ASCVD, including those with
increased Lp(a) levels. Instead, the risk of severe
adverse events was increased.”®>* It remains un-
known whether it is attributed to an insignificant
increase of Lp(a) levels in the participants in the
AIM-HIGH and HPS2-THRIVE studies. Therefore,
the expert panel suggests further investigation on
the clinical value of niacin in reducing Lp(a) levels.
Therefore, the expert panel suggests that the
clinical significance of niacin reducing LP (a) needs
to be further discussed.

4. PCSK9 inhibitors: Existing data have indicated that
the monoclonal antibodies against PCSK9 and the
small-interference RNA targeting the PCSK9
messenger RNA can reduce Lp(a) levels by about
20% to 30%.°°°7 The FOURIER (Further Cardio-
vascular Outcomes Research With PCSK9 Inhibi-
tion in Subjects With Elevated Risk) and ODYSSEY
(Evaluation of Cardiovascular Outcomes After an
Acute Coronary Syndrome During Treatment With
Alirocumab) studies indicated that subjects with
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increased Lp(a) levels seemed to have a greater
reduction in the CVE risk.>®°© However, since
these patients usually have a higher absolute risk,
whether the benefits are entirely attributed to
lower Lp(a) levels and the degree needs further
investigation. It should be pointed out that ac-
cording to the Mendelian randomization study, a
large absolute reduction in Lp(a) levels (65.7-
100 mg/dL) was required for a clinically significant
decrease in cardiovascular risk.°:®? Therefore, the
expert panel recommends that for ASCVD patients
with Lp(a) =30 mg/dL, the combination of statins
and ezetimibe at the moderate intensity and
maximal doses is considered for keeping normal
LDL-C levels, including additional use of PCSK9
inhibitors. But, based on pharmacoeconomics and
existing evidence, we do not recommend using
PCSK9 inhibitors to lower Lp(a) as the primary goal
in any population.

. Lipoprotein apheresis (LA): Lp(a) levels can be

reduced by 50% to 70% immediately after LA, and
the average reduction within 1 week after LA is
about 30% to 35%.°° The HEART UK guidelines
recommend LA for those with progressive CAD
deterioration after the maximum-intensity lipid-
lowering therapy, Lp(a) =60 mg/dL, and LDL-C
still above 125 mg/dL (3.3 mmol/L).°* Since 2008,
about 1,500 patients with Lp(a) levels above
60 mg/dL have received LA in Germany.®® Two
previous studies have indicated that regular LA
can dramatically lower the CVD risk. Compared
with before LA, the CVE risk was reduced by about
80% on average after LA.°®:°” A recent randomized
controlled study showed that for refractory angina
pectoris patients with Lp(a) =60 mg/dL, LA could
dramatically improve myocardial perfusion,
reduce atherosclerosis burden and lower the inci-
dence of angina pectoris.®® Considering the limi-
tations of LA (complex procedures, potential
complications, low cost-effectiveness ratio, and
very small number of domestic centers qualified
for LA), the expert panel does not recommend LA
as a routine treatment for increased Lp(a) levels.
According to foreign experience and recommen-
dations, LA may be considered if Lp(a) =60 mg/dL
with progressive aggravation of atherosclerosis
despite sufficient LDL-C-lowering therapy and
controlling for other risk factors.

. Novel drugs under development: RNA-targeting

therapy displays high selectivity and affinity to
target mRNAs, which has been successfully applied
to many diseases.®® RNA-targeting therapy is also
the intervention most likely to be approved for
lowering Lp(a). Antisense oligonucleotides
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targeting the liver LPA RNA can silence the apo(a)
gene expression, thereby blocking the apo(a) syn-
thesis and thus reducing Lp(a) levels in the circu-
lation. In phase I and II clinical trials that have
already been completed, antisense oligonucleo-
tides lowered Lp(a) levels by over 80% and dis-
played favorable safety and tolerance profiles.”®”"

At present, a global phase III clinical trial evalu-

ating the effects of antisense oligonucleotides on

outcomes of patients with
increased Lp(a) levels is currently underway (HO-
RIZON [Assessing the Impact of Lipoprotein (a)
Lowering With Pelacarsen (TQJ230) on Major
Cardiovascular Events in Patients With CVD],
NCT04023552). This study is the first global study
focusing on the cardiovascular endpoints in pa-
tients with increased Lp(a) levels. Moreover, the
small-interference RNA therapy targeting LPA
RNA is still in the early development stage
(NCT03626662). We are eager to know whether the
RNA-targeting therapy for Lp(a) reduction can
actually reduce the CVE risk.

7. Other drugs: According to the reports, cholesteryl
ester transfer protein inhibitor Mipomersen can
reduce plasma Lp(a) levels by about 20% to
30%.’*73 However, there is a shortage of evidence
supporting its cardiovascular benefits.

cardiovascular

EXPERT OPINION 7. There are 2 major management
principles for increased Lp(a) levels: the first is to
lower the overall ASCVD risk, and the second is to
control all associated types of dyslipidemia.

FUTURE DIRECTIONS OF RESEARCH ON LP(a)
IN CHINESE POPULATIONS

Although some knowledge has been gained about
Lp(a) in recent years, more remains to be explored in
the future, such as the synthetic and metabolic
pathways and the pathophysiological features of
Lp(a). These aspects of Lp(a) will be the topics of in-
terest in the future. Given the racial variation of Lp(a)
levels, epidemiological studies with higher levels,
larger sample sizes, and better representative pop-
ulations are required to identify the Lp(a) level dis-
tribution in the Chinese population and Lp(a) cutoff
values. How to improve the accuracy and promote the
standardization of Lp(a) testing in the Chinese pop-
ulation will be prioritized by researchers in the
future. It is urgent to detect the effect of
interventions that can specifically lower Lp(a) levels
through randomized controlled trials, such as
antisense oligonucleotides, on the prognosis of CVD
patients with increased Lp(a) levels. Clinical
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intervention trials may be considered for primary and
secondary prevention populations and those with
specific diseases, such as FH and CAVS.

Finally, the authors of the scientific statement
herein declare no conflicting interests concerning this
paper. The authors share one common goal, which is
to educate Chinese health care workers and the gen-
eral public about the current knowledge of Lp(a) and
to promote Chinese studies in this field.

CONCLUSIONS

Previous studies have reported that an elevated Lp(a)
concentration is an independent risk factor for CVD.
This review summarizes recent research and focuses
on novel evolutionary insights of Lp(a)-related
studies in the Chinese population. Compared with
other populations, Lp(a) showed specific characteris-
tics in the Chinese population. These distinct risk
factors contribute to disparities in the genetic land-
scape, molecular subtypes, and clinical phenotypes of
high Lp(a) cases between China and Western coun-
tries. Many studies have shown that the Lp(a) cutoff
value of the Asian population is lower than that of
Caucasian and Black populations. This scientific
recommendation cites large Chinese population
studies to further confirm lower Lp(a) cutoff values
and recommends an Lp(a) cutoff value of 30 mg/dL
instead of 50 mg/dL. Repeated Lp(a) testing is not
recommended, although it is recommended to test at
least once in a lifetime. The 5 groups recommended
by this committee are also based on the data of the
Chinese population. Although presently there is no
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global standardization of Lp(a) measurement,
the preferred measurement unit is nmol/L; howev-
er, mg/dL is dominantly used in the clinical setting
in China, so it is recommended that both units can
be used. The principle of management of Lp(a)
elevation is a comprehensive treatment to reduce
overall ASCVD risk. Although lifestyle interventions
and statins do not reduce Lp(a) levels, they are
beneficial in lowering ASCVD risk. In patients with
elevated Lp(a) and insufficient LDL-C lowering, it is
reasonable to add ezetimibe and, in selected cases,
PCSK9 inhibitors, whereas niacin and LA therapy
should be avoided. What is more, we also provided
the future direction of Lp(a) research in the Chinese
population. This scientific statement would be
helpful in understanding the role and function of
Lp(a) in CVD in Chinese population and
improve health and outcomes of elevated Lp(a)
patients.
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