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ARTICLE INFO ABSTRACT

Lipoprotein(a) [Lp(a)] is a genetically determined lipoprotein that has been established as an independent and
Reywords: causal risk factor for atherosclerotic cardiovascular disease (ASCVD) and calcific aortic valve disease (CAVD).

Lipoprotein(a)

Structurally composed of a low-density lipoprotein (LDL)-like particle covalently linked to apolipoprotein(a)

Atherosclerotic cardiovascular disease
Calcification [apo(a)], Lp(a) exhibits unique atherogenic, thrombogenic, and inflammatory properties, largely due to its role
Inflammation as a carrier of oxidized phospholipids (OxPL). Plasma Lp(a) concentrations are predominantly determined by the
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number of kringle IV type 2 (KIV-2) repeats in the LPA gene, with minimal influence from lifestyle or envi-
ronmental factors. Despite substantial evidence linking elevated Lp(a) to cardiovascular risk, clinical testing

remains underutilized, especially in East Asian countries. In Taiwan, although population-level Lp(a) concen-
trations are comparatively low, a significant subset exceeds risk thresholds, with local studies confirming its
prognostic value in coronary artery disease and ischemic stroke. Barriers, including limited physician awareness,
implementation barriers, and therapeutic nihilism, contribute to its under-recognition. This review highlights the
molecular features of Lp(a), its pathogenesis of cardiovascular disorders, epidemiology, and current barriers and
future advances in diagnostic testing, with a particular focus on implications for cardiovascular risk management

Dyslipidemia
in Taiwan.
ABBREVIATIONS
Abbreviation Full Term
apo(a) Apolipoprotein(a)
AS Aortic stenosis
ASCVD Atherosclerotic cardiovascular disease
ATX Autotaxin
CAD Coronary artery disease
CAVD Calcific aortic valve disease
DM Diabetes mellitus
EAS European Atherosclerosis Society
HDL-C High-density lipoprotein cholesterol
1L-6 Interleukin-6
K Kringle
KIV-2 Kringle IV Type 2
LDL-C Low-density lipoprotein cholesterol
Lp(a) Lipoprotein(a)
MACE Major adverse cardiovascular events
MI Myocardial infarction
mg/dL Milligrams per deciliter
nmol/L Nanomoles per liter
NHI National Health Insurance
OxPL Oxidized Phospholipids
PAD Peripheral Arterial Disease
siRNA Small Interfering RNA
T1DM Type 1 diabetes mellitus
T2DM Type 2 diabetes mellitus
TSOC Taiwan Society of Cardiology

1. Introduction

Lipoprotein(a) [Lp(a)] is increasingly recognized as a causal and
independent risk factor for both atherosclerotic cardiovascular disease
(ASCVD) and calcific aortic valve disease (CAVD). It consists of a
cholesterol-rich low-density lipoprotein (LDL)-like particle covalently
bound to apolipoprotein(a) [apo(a)], a large glycoprotein encoded by
the LPA gene. This structure confers Lp(a) with proatherogenic, pro-
thrombotic, and proinflammatory properties distinct from traditional
lipoproteins [1,2].

Plasma Lp(a) concentrations are primarily influenced by the number
of Kringle IV Type 2 (KIV-2) repeats in the LPA gene [3]. Notably, life-
style factors have a minimal impact on circulating Lp(a), making it a
stable and lifelong biomarker [4].

Despite compelling genetic and mechanistic data, Lp(a) is rarely
measured in routine clinical practice, particularly in Asian countries. In
Taiwan, awareness remains low among clinicians and policymakers, and
population-level data remains sparse.

Since the discovery of Lp(a) by Kare Berg in 1963, scientific interest
in Lp(a) has surged, with more than 10,000 publications to date and over
800 papers published in 2025 alone. This review aims to summarize the
current understanding of Lp(a)'s structure, pathogenic mechanisms,
clinical relevance, global and Taiwanese epidemiology, and barriers to
the widespread implementation of diagnostic testing.

2. Structure of LP(A)
2.1. The LDL-like particles and apolipoprotein(a)

Lp(a) consists of an LDL-like particle containing apoB-100, cova-
lently linked by a disulfide bond to apo(a) [5,6]. Apo(a), encoded by the
LPA gene on chromosome 6q26-27, is structurally homologous to
plasminogen and contains multiple kringle (K) domains; unlike plas-
minogen, which has only one KIV domain, apo(a) contains ten KIV
subtypes (KIV-1 to KIV-10), most notably the highly variable KIV-2
repeat [7]. The number of KIV-2 repeats is inversely associated with
circulating Lp(a) concentration, such that smaller apo(a) isoforms are
generally linked to higher plasma Lp(a) levels (Fig. 1A). Because Lp(a)
levels are predominantly genetically determined, they remain relatively
stable throughout life and serve as an inherited cardiovascular risk
marker [8].

2.2. Genetic and non-genetic determinants of Lp(a) levels

Plasma Lp(a) levels are determined mainly by genetic factors,
particularly variation within the LPA gene [9]. Fewer KIV-2 repeats and
specific variants such as rs3798220 and rs10455872 are associated with
higher Lp(a) concentrations and increased cardiovascular disease (CVD)
risk (Fig. 2) [2,10]. Other loci, including APOE and APOH, may also
contribute modestly to Lp(a) variability [11].

In contrast, non-genetic influences on Lp(a) are generally limited.
Lifestyle factors, including diet and exercise, have only modest and
inconsistent effects [12]. Hormone replacement therapy may lower Lp
(a), especially oral medications in postmenopausal women [12]. Some
pathological conditions, such as renal disease, generally increase Lp(a),
whereas liver disease reduces it [12]. Moreover, acute inflammatory
states can  transiently elevate Lp(a), partly through
interleukin-6-mediated pathways (Table 1) [9].

3. Pathophysiological mechanisms

Lp(a) promotes cardiovascular disease through several interrelated
mechanisms, including atherogenesis, vascular inflammation, throm-
bosis, plaque destabilization, and valvular calcification.

3.1. Atherogenesis

The LDL-like core promotes cholesterol deposition in the arterial
intima. Once in the subendothelial space, the apo(a) component facili-
tates high-affinity binding to proteoglycans and fibronectin in the
extracellular matrix. This “sticky” nature leads to a higher retention rate
for Lp(a) compared to LDL [13]. Lp(a) is taken up by macrophages,
leading to foam cell formation and early plaque development. Clinical
imaging studies have confirmed that elevated Lp(a) levels are inde-
pendently associated with greater plaque burden and progression in
both coronary and carotid arteries [14,15].
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3.2. Inflammation and oxidized phospholipids (OxPL)

High-affinity binding of OxPL to the KIV-10 domain of apo(a) ren-
ders Lp(a) a preferential carrier of these atherogenic particles, serving as
a major transporter that carries up to threefold higher amounts of OxPL
than LDL [16]. These bioactive lipids exert potent pro-inflammatory
effects by binding to the scavenger receptor CD36 on macrophages
and recruiting TLR2 to form a signaling complex. This activates
NF-kB-mediated transcription of proinflammatory genes, thereby con-
verting passive lipid deposition into active vascular inflammation.
[17-19]. Ultimately, OxPL-enriched Lp(a) further contributes to foam
cell formation, smooth muscle cell proliferation, and necrotic core
development, a key feature of high-risk “vulnerable” plaques [20].

3.3. Thrombogenicity

Because apo(a) is structurally homologous to plasminogen, Lp(a)
may interfere with fibrinolysis by competing for binding sites on fibrin,
thereby favoring thrombus persistence [21]. Furthermore, Lp(a)
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promotes platelet aggregation and thrombin generation, reinforcing its
prothrombotic effects. Together, its proinflammatory and thrombogenic
properties may synergistically worsen vascular injury and increase the
risk of acute thrombotic events [22].

3.4. Plaque vulnerability

Beyond promoting plaque growth, elevated Lp(a) is associated with
features of plaque instability on intravascular ultrasound, coronary CT
angiography, and optical coherence tomography, including larger
necrotic cores, thin fibrous caps, and lipid-rich or low-attenuation pla-
ques. Elevated Lp(a) 270 milligrams per deciliter (mg/dL) was associ-
ated with accelerated 12-month progression of low-attenuation
coronary plaque [23]. In a pooled analysis of six randomized trials
involving 3943 patients, higher baseline Lp(a) (=60 mg/dL) was
significantly associated with greater percent atheroma volume (PAV),
independent of LDL-C levels [24]. This may partly explain persistent
cardiovascular risk despite optimal conventional lipid-lowering therapy.

Lipoprotein (a) homology, structure, assembly, and pathophysiological mechanismin
cardiovascular disease
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Fig. 1. Lipoprotein(a) homology, assembly, and pathophysiological mechanisms in cardiovascular disease.

(A) Apo(a) is structurally homologous to plasminogen and exhibits marked size heterogeneity due to variable kringle IV type 2 (KIV-2) repeats. A smaller apo(a)

isoform is associated with a higher plasma Lp(a) concentration (Adapted from [9] under the Creative Commons CC-BY-NC license).

(B) Lp(a) consists of an LDL-like particle containing apoB100 linked to apo(a). Its assembly proceeds through initial non-covalent binding and subsequent disulfide

bond formation. Oxidized phospholipids are preferentially carried by Lp(a) (Redrawn and adapted from [6]).

(C) Lp(a) promotes atherosclerosis and valvular calcification through lipid retention, inflammation, foam cell formation, and autotaxin-lysophosphatidic acid--

mediated mineralization (Created based on concepts from [28]).

apo(a), apolipoprotein(a); apoB100, apolipoprotein B-100; ATX, autotaxin; KIV, kringle IV; KIV-2, kringle IV type 2; LDL, low-density lipoprotein; Lp(a), lipoprotein

(a); LysoPA, lysophosphatidic acid; OxPL, oxidized phospholipid.
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Fig. 2. Location of relevant LPA SNPs (Reproduced from [10] under the Creative Commons CC-BY license).
apo(a): apolipoprotein(a); DH: DNase I Hypersensitive sites; L: Leader sequence; P: Protease domain; V: Kringle V domain.

3.5. Aortic valve inflammation and calcification

Emerging evidence indicates that aortic valve calcification is driven
by an active osteogenic process mediated by the Lp(a)- autotaxin (ATX)-
lysophosphatidic acid axis [26-28]. (Fig. 1C). The failure of statins to
prevent aortic stenosis progression may be explained by their inability to
lower Lp(a) and their potential pro-osteogenic effects [25]. Accordingly,
therapies that substantially lower Lp(a) or interrupt these downstream
pathways may offer a more rational strategy for preventing disease
progression. Taken together, these mechanisms support Lp(a) as both a
causal mediator and clinically important biomarker of cardiovascular
disease, linking inherited risk to atherothrombosis and valvular
calcification.

4. Clinical relevance

Multiple large-scale epidemiologic and genetic studies have estab-
lished Lp(a) as an independent and causal risk factor for a range of
cardiovascular diseases. Emerging clinical data further suggest that high
Lp(a) may confer greater risk for ASCVD and CAVD than LDL, implying
that Lp(a) 's pathogenic mechanisms are not fully analogous to those of
LDL [29].

4.1. Coronary artery disease (CAD)

Meta-analyses of prospective cohorts and Mendelian randomization
studies involving hundreds of thousands of individuals have confirmed a
continuous, log-linear association between Lp(a) levels and the risk of
myocardial infarction (MI) and coronary death [30]. In a contemporary
registry, participants with Lp(a) above the 90th percentile had nearly

Table 1
Non-genetic influences on lipoprotein(a) concentration [54].
Category Factor/Condition Effect on Lp(a)
Lifestyle Replacement of dietary saturated fat with carbohydrate or unsaturated 1 10-15%
fat
Low-carbohydrate diet high in saturated fat 1 15%
Fasting No effect
Physical activity None/minimal
Hormonal and Related Conditions Hyperthyroidism 1;|1 20-25% after thyrostatic treatment or radioactive iodine
Hypothyroidism 15| 1 5-20% with thyroid hormone replacement
Growth hormone therapy 1 2-fold
Endogenous sex hormones None/minimal
Pregnancy 1 2-fold
Menopause None/minimal
Postmenopausal hormone replacement therapy 1 25%

Surgical or biochemical castration (males)
Ovariectomy or estrogen receptor antagonists
Nephrotic syndrome

Peritoneal dialysis

Hemodialysis and chronic kidney disease
Kidney transplantation

Hepatic impairment

Liver transplantation

Kidney and Liver Disease

Inflammation and Related
Conditions Chronic inflammatory conditions

Tocilizumab (IL-6 inhibitor)

Protease inhibitors/antiretroviral therapy

Statins

Air pollution (PM2.5)

Severe acute-phase states (e.g., sepsis, severe burns)

Small increase

Small increase

1 3-5-fold

1 2-fold

Increase in large apo(a) isoform carriers
Approximate normalization

Decrease

Apo(a) isoform switches to donor type with corresponding Lp(a)
change

Decrease

Increase

1 30-40%

Increase

May slightly increase

Slight increase
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Table 2

Emerging therapies for elevated Lp(a) were now under promising trials
MoA, Mechanism of Action; RoA, Route of Administration (SC: Subcutaneous, IV: Intravenous); QM, Once monthly; Q3M, Every 3 months; Q6M, Every 6 months; QD,
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Current development phase

Key inclusions

Expected study
completion

Phase 3 initiated (Lp(a)
HORIZON; CVOT) [64]
Phase 3 initiated (OCEAN(a)-
Outcome; CVOT) [66]

Phase 2 completed (ALPACAR

Phase 2 completed (KRAKEN)

Phase 3 initiated (ACCLAIM-
Lp(a); CVOT) [70]

Phase 1 initiated [71,72]

Once daily.
Compound MoA RoA/ Lp(a) reduction
Dosing
Pelacarsen GalNAc-ASO targeting ~ SC 80 mg Up to 80%
apo(a) mRNA QM (Phase 2) [57]
Olpasiran GalNAc-siRNA SC Up to 97%
targeting apo(a) 225 mg (Phase 2) [65]
mRNA Q3M
Zerlasiran GalNAc-siRNA SC450 mg  Up to 86%
targeting apo(a) Q6M (Phase 2) [58] 360) [67]
mRNA
Muvalaplin Lp(a) inhibitor; small Oral60mg  Up to 70%
molecule QD (Phase 2) [68] [69]
Lepodisiran ~ GalNAc-siRNA SC 400 mg  Up to 94%
targeting apo(a) Q6M (Phase 2) [59]
mRNA
CTX320 Gene editing 1V, once in N/A
life

Established ASCVD, Lp(a) >70 mg/dL or >150
nmol/L (N = 8323)

Prior MI or Prior high-risk PCI, Lp(a) >200
nmol/L

(N =7297)

Established ASCVD, Lp(a) >125 nmol/L

Established ASCVD or ASCVD risk equivalent,
Lp(a) >175 nmol/L

Established ASCVD or prior PCI or risk
equivalent, Lp(a) >175 nmol/L (N = 12,500
planned)

N/A

2026 (Phase 3)

2027 (Phase 3)

2024 (Phase 2)

2024 (Phase 2)

2029 (Phase 3)

2025 (Phase 1)

CENTRAL ILLUSTRATION: PATHOGENESIS AND CLINICAL RECOMMENDATION OF LP(A) IN TAIWAN
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Fig. 3. Central Illustration: pathogenesis and clinical recommendations for lipoprotein(a) in Taiwan. Lipoprotein(a) [Lp(a)] promotes cardiovascular disease through
atherogenic, inflammatory, and thrombotic mechanisms, contributing to vulnerable plaque formation and aortic valve calcification. In Taiwan, Lp(a) concentrations
<30 mg/dL, 30-50 mg/dL, and >50 mg/dL can be clinically categorized as lower risk, intermediate “grey zone,” and high-risk categories, respectively, with
management guided by the overall cardiovascular risk profile. At least 1 lifetime measurement of Lp(a) is recommended, especially in patients with premature or
recurrent ASCVD, familial hypercholesterolemia, or a family history of premature ASCVD. Broader testing and more precise reporting in nmol/L may improve future
clinical implementation.
apo(a), apolipoprotein(a); apoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol; Lp
(a), lipoprotein(a); mg/dL, milligrams per deciliter; nmol/L, nanomoles per liter; OxPL, oxidized phospholipid.

threefold higher risk of a first acute MI compared with those below the
50th percentile [31]. In the “statin era,” where many patients achieve
LDL-C levels <70 mg/dL, elevated Lp(a) remains a potent driver of re-
sidual risk [15].

4.2. Calcific aortic valve disease

Mendelian randomization studies have shown a causal relationship
between genetically elevated Lp(a) and aortic valve calcification [3].
Individuals with the highest levels of Lp(a) have a 3-fold increased risk
of developing aortic stenosis (AS) [32]. Moreover, in patients with
established mild-to-moderate AS, elevated Lp(a) predicts a faster rate of
hemodynamic progression and a significantly earlier need for aortic

valve replacement [33]. Importantly, statins, which reduce LDL-C, have
consistently failed to slow the progression of AS [34-36]. This failure is
partially attributed to their inability to lower Lp(a) and disrupt this
specific calcific pathway, marking Lp(a) lowering as the most promising
pharmacological frontier for AS prevention.

4.3. Peripheral arterial disease (PAD)

Higher Lp(a) concentrations increase the risk of PAD, independent of
traditional lipid markers [37]. A recent review summarizing contem-
porary data reported that Lp(a) > 50 mg/dL was associated with an
approximately 30% higher relative risk of lower-extremity revasculari-
zation, as well as increased rates of major adverse limb events and
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Table 3

Journal of the Formosan Medical Association xxx (Xxxx) xxx

Key points on the biology, clinical relevance, epidemiology, and clinical application of lipoprotein(a).

Domain Key point

Level of evidence

Basic biology
derived from the plasminogen gene

Lp(a) consists of an LDL-like particle (apoB-100) linked to apo(a), while apo(a) is encoded by the LPA gene, evolutionarily —

Over 90% of Lp(a) levels are genetically determined, with minimal influence from diet or lifestyle, which is different from LDL-C =~ —

or triglyceride-rich lipoproteins
Pathophysiology

Lp(a) carries 3-fold more OxPL than LDL, promoting smooth muscle proliferation, necrotic core expansion, and plaque —
progression which are all related to formation of a vulnerable plaque

Through the Lp(a)-autotaxin-lysophosphatidic acid (ATX-LPA) axis, Lp(a) contributes to aortic valve inflammation and —

calcification, a mechanism which is not observed with LDL.
Clinical relevance
continuous log-linear association with events.

Lp(a) is a genetically determined, independent, and causal risk factor for ASCVD and calcific aortic valve disease, with a A

Elevated Lp(a) remains a major driver of residual risk for MI, stroke, PAD, and HF even when LDL-C is well controlled, A

including LDL-C < 70 mg/dL on statins.

Risk is continuous across the Lp(a) range; conventional cutoffs (e.g., > 30 or > 50 mg/dL) are pragmatic clinical thresholds, A
and not measuring Lp(a) leads to underestimation of global cardiovascular risk.

Epidemiology

all groups.

Globally, 10-35% of people have Lp(a) above high-risk thresholds; Africans have the highest median (~40-50 mg/dL),
Caucasians intermediate (~10-30 mg/dL), and East Asians the lowest (~5-15 mg/dL), yet elevated levels remain harmful in

A overall; B for East
Asian data

In Taiwan, median Lp(a) is low (8-15 mg/dL), but about 10-15% have > 30 mg/dL, and elevated Lp(a) independently predicts B

CHD and stroke in community cohorts.
Testing
during cardiovascular risk assessment.

Lp(a) is a genetically determined, independent, and continuous ASCVD risk factor, supporting at least one-time measurement A

Testing is particularly indicated in high-risk groups, including premature ASCVD, recurrent events despite optimal LDL-C B
control, familial hypercholesterolemia, and a strong family history of early cardiovascular disease.

Clinical

application intensified risk management.

In East Asian populations, clinically meaningful risk may occur at lower thresholds (~30 mg/dL), while >50 mg/dL warrants B

Management focuses on aggressive global risk reduction, particularly intensive LDL-C lowering and optimization of blood B

pressure, glycemia, weight, and smoking cessation.

Major implementation and evidence gaps remain in Taiwan, including underutilization of testing, assay standardization (mg/dL. ~ C-D
vs nmol/L), and pending phase 3 outcome trials of RNA-targeted Lp(a)-lowering therapies.

apo(a), apolipoprotein(a); apoB100, apolipoprotein B-100; ASCVD, atherosclerotic cardiovascular disease; ATX, autotaxin; HF, heart failure; LDL, low-density lipo-
protein; Lp(a), lipoprotein(a); LPA, lysophosphatidic acid; MI, myocardial infraction; OxPL, oxidized phospholipid; PAD, peripheral arterial disease.

composite cardiovascular outcomes in patients with established PAD
[38].

4.4. Ischemic stroke

High Lp(a) levels are associated with both large-vessel and small-
vessel ischemic strokes, particularly in younger individuals without
other major risk factors [39]. In contemporary cohorts, Lp(a) > 75
mg/dL was associated with more than double the risk of incident stroke
compared with lower levels, emphasizing its importance as a cerebro-
vascular risk enhancer [40].

4.5. Heart failure (HF)

Evidence from a recent meta-analysis of Mendelian-randomization
studies indicates that genetically higher Lp(a) concentrations are
significantly associated with an odds ratio of 1.064 for HF per geneti-
cally predicted unit increase [41]. Observational data from a large
population study of more than 299,000 adults in the UK Biobank
demonstrated that individuals with higher circulating Lp(a) levels and a
positive family history of cardiovascular disease had up to a 36% higher
risk of developing HF over 12 years of follow-up [42].

4.6. Diabetes mellitus (DM)

While type 1 diabetes mellitus (T1DM) does not inherently raise Lp
(a) (unless renal failure is present) and type 2 diabetes mellitus (T2DM)
is paradoxically associated with lower Lp(a) levels than those without
diabetes, possibly due to the presence of additional metabolic distur-
bances such as insulin resistance, chronic inflammation, and glycation of
apolipoproteins [43]. Elevated Lp(a) remains a potent predictor of
adverse cardiovascular outcomes in both diabetic populations because
of its synergistic effect on vascular risk [44]. Continued research is
needed to clarify the biological pathways linking Lp(a), glucose meta-
bolism, and vascular injury, which may ultimately lead to more

personalized and genetically informed strategies in cardiometabolic
care.

Although epidemiologic and genetic studies support a continuous,
approximately log-linear association between Lp(a) concentration and
ASCVD risk, with no clear biologic threshold, clinical practice still re-
quires pragmatic cutoffs for risk stratification and treatment decisions.
Historically, the widely used threshold of 50 mg/dL corresponds
approximately to the 80th percentile in European populations and is
associated with an approximately 1.4-fold higher risk of ASCVD
compared with median Lp(a) levels [29]. More recent data from large
population cohorts, including the Copenhagen General Population
Study, further suggest that the Lp(a) level associated with a hazard ratio
of 1.5 differs by clinical outcome, approximately 62 mg/dL for calcific
aortic valve disease, 77 mg/dL for myocardial infarction, 104 mg/dL for
ischemic stroke, and 129 mg/dL for heart failure, highlighting that a
given degree of Lp(a) exposure may confer different relative risks across
vascular beds and disease phenotypes [45]. Importantly, Lp(a) is not
only a marker of residual cardiovascular risk but also a potential ther-
apeutic target, particularly for individuals with persistently elevated Lp
(a) despite statin use.

5. Global epidemiology of LP(A)

Plasma Lp(a) levels exhibit significant interindividual and inter-
ethnic variation, primarily driven by differences in the LPA gene,
particularly the number of KIV-2 repeats.

5.1. African populations
Exhibit the highest median Lp(a) levels (~20-40 mg/dL), with more

than 30% exceeding the high-risk threshold (>50 mg/dL), though the
association with ASCVD may differ due to other genetic modifiers [46].
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5.2. Caucasians

Lp(a) levels are typically intermediate (~10-30 mg/dL), with
approximately 20% of individuals exceeding atherogenic thresholds
(>30-50 mg/dL). Consistent with these findings, the Women's Health
Study reported that women in the highest Lp(a) quintile (>44.1 mg/dL)
had a significantly higher risk of major adverse cardiovascular events
compared to those in the lowest quintile (adjusted hazard ratio, 1.33)
[47].

5.3. East Asians

Have the lowest Lp(a) concentrations (~5-15 mg/dL), but elevated
levels still confer increased risk in genetically susceptible individuals
[48].

Globally, 10-35% of individuals are estimated to have Lp(a) levels
above the high-risk threshold, depending on ethnicity and cut-off used
[49].

6. Epidemiology of LP(A) in Taiwan

Lp(a) levels in the Taiwanese population are typically low, with
median concentrations ranging from 8 to 15 mg/dL, substantially lower
than those observed in Caucasian and African populations. Nevertheless,
around 10-15% of individuals exhibit Lp(a) levels above 30 mg/dL, a
clinically recognized threshold linked to increased ASCVD risk.

In the landmark Chin-Shan Community Cardiovascular Cohort,
which followed over 4000 ethnic Chinese adults in Taiwan, elevated Lp
(a) was found to independently predict coronary heart disease and
stroke, regardless of traditional lipid measures. This relationship was
reaffirmed by an earlier population-based study documenting the dis-
tribution of Lp(a) across age and sex [50].

An extensive retrospective cohort study by Huang et al. analyzed
data from 2634 low-risk Taiwanese men undergoing health checkups.
Their findings demonstrated that every 5 mg/dL increase in Lp(a) was
associated with an 8% increase in coronary artery disease risk over 10
years, independent of LDL-C, systolic blood pressure, and BMI. This
study further proposed a risk threshold of 101 mg/dL, which yielded a
92% specificity for predicting cardiovascular events, highlighting the
potential of Lp(a) as a powerful screening marker even in apparently
healthy populations [51].

Supporting this, a study on young MI patients (<40 years) in Taiwan
found that elevated Lp(a) was frequently observed despite normal lipid
profiles, confirming its role in premature coronary artery disease [52].

Collectively, these findings suggest that even in East Asian pop-
ulations with generally low Lp(a) levels, the marker retains strong and
independent prognostic value. Incorporating Lp(a) screening into stan-
dard cardiovascular risk stratification, particularly for individuals with
early-onset or unexplained ASCVD, may enhance prevention and early
intervention strategies in Taiwan.

7. Current status of LP(A) testing and management in Taiwan

Despite its established clinical significance as an independent car-
diovascular risk factor, Lp(a) testing remains severely underutilized in
Taiwan, representing a critical gap in comprehensive cardiovascular risk
assessment. Multiple systemic barriers contribute to this concerning
situation.

7.1. Barriers to implementation

Limited clinician awareness remains a major barrier. Surveys indi-
cate that fewer than 30% of practicing cardiologists and internists in
Taiwan routinely incorporate Lp(a) testing into cardiovascular risk
stratification, with persistent knowledge gaps regarding appropriate
indications, result interpretation, and implications for -clinical
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management.

Limited access to standardized assays poses additional challenges,
with only major medical centers having reliable access to internationally
standardized Lp(a) measurements. Regional hospitals and primary care
facilities often lack the necessary laboratory infrastructure, resulting in
geographic disparities in testing availability.

Although Lp(a) testing is reimbursed under Taiwan's National Health
Insurance, many physicians remain unaware of this policy [53]. This
lack of awareness among healthcare providers about existing reim-
bursement policies represents a critical communication gap that limits
test accessibility. The European Atherosclerosis Society (EAS) recom-
mends cascade testing in cases of very high Lp(a) levels. Given the
dominant inheritance of Lp(a) levels, cascade screening of family
members is effective to identify individuals with high Lp(a) levels [54].

The lack of effective treatments has historically discouraged Lp(a)
measurement, fostering a sense of therapeutic nihilism. Statins are
generally ineffective for lowering Lp(a) and may paradoxically increase
concentrations. Niacin can achieve reductions of up to 35% at high
dosages, but its use is frequently curtailed by significant adverse effects.
Similarly, PCSK9 inhibitors provide only modest reductions of 10-30%
through mechanisms that remain incompletely elucidated. Conse-
quently, lipoprotein apheresis currently serves as the most potent
intervention for refractory cases, with a single session capable of acutely
lowering circulating Lp(a) levels by 60-75%. In the United States, this
therapy is FDA-approved specifically for high-risk patients with het-
erozygous familial hypercholesterolemia who exhibit persistent eleva-
tions of both LDL-C (>100 mg/dL) and Lp(a) (>60 mg/dL) alongside
documented coronary or peripheral artery disease [55]. This perspective
is rapidly evolving due to the emergence of novel agents targeting LPA
mRNA, capable of achieving 80-95% reductions in circulating Lp(a).
These include the antisense oligonucleotide pelacarsen and siRNA
therapies such as olpasiran, zerlasiran, and lepodisiran, which promise
to validate the utility of testing [56-59]. These ongoing phase 3 studies
will determine the magnitude of Lp(a) reduction necessary for clinical
benefit and its incremental value beyond optimal LDL-C control, thereby
establishing Lp(a) as a modifiable therapeutic target (Table 2). In
addition, the higher Lp(a) entry thresholds used in ongoing trials (eg,
>70 mg/dL) are intended to enrich event rates and improve statistical
efficiency rather than to redefine the threshold for high risk; Mendelian
randomization data suggest that an absolute Lp(a) reduction of
approximately 65.7 mg/dL may be required to achieve a roughly 20% to
22% reduction in coronary heart disease events [60].

7.2. Practical thresholds for defining high Lp(a)

The EAS and other international consensus documents pragmatically
define Lp(a) < 30 mg/dL (<75 nmol/L) as low risk, 30-50 mg/dL
(75-125 nmol/L) as intermediate “grey zone”, and >50 mg/dL (>125
nmol/L) as high risk [54]. In line with contemporary American College
of Cardiology/American Heart Association guidance, which considers
Lp(a) > 50 mg/dL (>125 nmol/L) a risk-enhancing factor, and with the
2024 Taiwan Society of Cardiology (TSOC) primary prevention guide-
line, we propose that in Taiwan a persistently elevated Lp(a) > 50
mg/dL (>125 nmol/L) should be regarded as “high Lp(a)” and a sig-
nificant risk-enhancing factor [61].

However, emerging data from East Asian populations suggest that a
lower threshold may also be clinically relevant. In a recent retrospective
study from the Chang Gung Memorial Hospital network, including
51,934 Taiwanese individuals, Chen DY et al. showed that Lp(a) levels
>30 mg/dL independently predicted MACE in both primary and sec-
ondary prevention settings, with adjusted subdistribution hazard ratios
of 1.24 in individuals without established ASCVD and 1.36 in those with
established ASCVD. These findings raise the possibility that a lower
threshold may be more appropriate for risk stratification in East Asian
populations than the conventional Western cutoff of 50 mg/dL, although
further validation in dedicated prospective studies is needed [29,62].
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7.3. Clinical practice

In current clinical practice, specific Lp(a)-lowering drugs are not yet
available, and management focuses on recognizing elevated Lp(a) as a
risk-enhancing factor and intensifying control of all modifiable risk
factors. For primary prevention, the 2024 TSOC guideline recommends
that a persistently elevated Lp(a) > 50 mg/dL be considered a risk-
enhancing biomarker when deciding on pharmacological lipid-
lowering therapy [61]. In individuals with Lp(a) in the intermediate
range (30-49 mg/dL), elevated values should prompt careful reassess-
ment of overall risk profile, family history, and the presence of other risk
enhancers such as CAC, carotid plaque, or chronic kidney disease [29].

For patients with elevated Lp(a), we suggest the following practical
approach in Taiwan. First, Lp(a) should be measured at least once in
adulthood in individuals with premature ASCVD, strong family history
of premature ASCVD, unexplained recurrent events despite well-
controlled LDL-C, or calcific aortic stenosis. Second, in patients with
Lp(a) >50 mg/dL, LDL-C and non-HDL-C should be managed more
intensively, with lower LDL-C goals (for example, <70 mg/dL in high-
risk patients) using high-intensity statins and ezetimibe in accordance
with TSOC and contemporary lipid guidelines. Third, PCSK9 inhibitors
should be considered in very-high-risk patients, including those with
established ASCVD or familial hypercholesterolemia, when LDL-C re-
mains above target despite maximally tolerated statin therapy with or
without ezetimibe, as these agents provide substantial LDL-C reduction,
modest Lp(a) lowering, and greater absolute benefit in patients with
high baseline Lp(a). Fourth, all other modifiable risk factors, including
blood pressure, glycemic control, smoking, body weight, and physical
activity, should be optimized, because the absolute risk associated with
a given Lp(a) level is amplified in individuals with higher baseline global
risk. Fifth, aspirin should not be used routinely for primary prevention;
however, in selected adults at high ASCVD risk with Lp(a) >50 mg/dL
and low bleeding risk, low-dose aspirin may be considered after shared
decision-making [63]. Sixth, cascade screening should be considered
when Lp(a) is markedly elevated, particularly at levels >50 mg/dL and
especially >70 mg/dL, to identify additional high-risk relatives. Finally,
ongoing outcome trials of antisense oligonucleotides and small inter-
fering RNA therapies, including pelacarsen, olpasiran, zerlasiran, and
lepodisiran, are enrolling patients with established ASCVD and mark-
edly elevated Lp(a), generally >70 mg/dL, thereby defining the popu-
lation most likely to benefit from intensive Lp(a) lowering once these
therapies become available.

Importantly, in Taiwan, Lp(a) concentrations are predominantly re-
ported in mg/dL, consistent with local laboratory practices. However,
nanomoles per liter (nmol/L) is increasingly adopted in the international
literature because it more accurately reflects particle number than mass.
Traditional mass-based assays (mg/dL) typically rely on polyclonal an-
tibodies directed against variable KIV-2 repeats, creating a technical bias
known as “isoform sensitivity”. In contrast, molar assays (nmol/L)
employ an “isoform-insensitive” methodology that targets conserved
epitopes, such as the KIV-9 or KV domains, to enable accurate quanti-
fication of particle number independent of the substantial heterogeneity
in apo(a) size and mass [54]. As such, expressing Lp(a) levels in molar
concentration may offer a more biologically meaningful assessment of
cardiovascular risk. To ensure greater analytical accuracy and biological
relevance, it's worth considering whether Taiwan should progressively
adopt nmol/L as the primary reporting unit for Lp(a), aligning with
international trends and enhancing consistency in cardiovascular risk
assessment.

8. Conclusion

Lipoprotein(a) represents a genetically fixed, lifelong contributor to
cardiovascular risk, especially through its atherogenic, prothrombotic,
and inflammatory properties. Despite generally lower levels in East
Asian populations, elevated Lp(a) remains clinically meaningful in

Journal of the Formosan Medical Association xxx (Xxxx) xxx
Taiwan (Fig. 3, Table 3).
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