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Resume. Atherosclerotic cardiovascular diseases (ASCVD) remain the leading 
cause of mortality worldwide. Despite the widespread use of statins and the 
effective control of low-density lipoprotein cholesterol (LDL-C), a significant 
residual risk of cardiovascular events persists. In recent years, lipoprotein(a) 
(Lp(a)) has emerged as a critical, genetically determined risk factor. 
Approximately 20% of the global population has elevated Lp(a) levels (>50 
mg/dL), which translates to increased susceptibility to coronary artery disease, 
ischemic stroke, and calcific aortic valve stenosis. Unlike traditional lipid risk 
factors, Lp(a) levels are largely resistant to lifestyle modifications and standard 
lipid-lowering therapies. 
The aim – to comprehensively analyze the current literature regarding the 
molecular structure, genetic regulation, and pathogenic mechanisms of Lp(a), 
specifically focusing on its proinflammatory properties mediated by oxidized 
phospholipids. Furthermore, the review aims to evaluate the clinical evidence 
linking Lp(a) to cardiovascular outcomes and to discuss the emerging landscape 
of RNA-targeted therapies and small molecule inhibitors. 
Results. Lp(a) is a hybrid lipoprotein consisting of an LDL-like particle 
covalently linked to apolipoprotein(a) (apo(a)), a homolog of plasminogen. Its 
pathogenicity is driven by three synergistic mechanisms: proatherogenic 
retention in the arterial wall, proinflammatory activation of the endothelium via 
oxidized phospholipids (OxPL), and potential antifibrinolytic effects. Current 
guidelines (AHA/ACC, EAS) recommend screening for Lp(a) at least once in a 
lifetime to stratify cardiovascular risk. While traditional therapies (statins, 
ezetimibe) have minimal impact on Lp(a), novel specific therapies are in 
advanced clinical development. Antisense oligonucleotides (pelacarsen) and 
small interfering RNAs (olpasiran, lepodisiran) have demonstrated potent dose-
dependent reductions in Lp(a) levels (>80-90%) in phase 2 and 3 trials. 
Additionally, muvalaplin, the first oral small molecule inhibitor of Lp(a) 
formation, has shown promising results in phase 1 studies. 
Conclusions. Lp(a) represents a distinct and causal risk factor for ASCVD and 
aortic stenosis that requires specific attention in clinical practice. The upcoming 
completion of cardiovascular outcome trials will likely establish Lp(a)-lowering 
therapy as a new pillar of preventive cardiology. 
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Резюме. Атеросклеротичні серцево-судинні захворювання (АССЗ) 
залишаються провідною причиною смертності у всьому світі. 
Незважаючи на широке застосування статинів та ефективний контроль 
холестерину ліпопротеїнів низької щільності (ХС ЛПНЩ), значний 
залишковий ризик серцево-судинних подій зберігається. Останніми роками 
ліпопротеїн(а) (Lp(a)) виокремився як критичний, генетично 
детермінований фактор ризику. Приблизно 20% населення світу має 
підвищені рівні Lp(a) (>50 мг/дл), що призводить до підвищеної схильності 
ішемічної хвороби серця, ішемічного інсульту та кальцифікуючого стенозу 
аортального клапана. На відміну від традиційних ліпідних факторів ризику, 
рівні Lp(a) є значною мірою резистентними до модифікації способу життя 
та стандартної ліпідознижувальної терапії. 
Мета роботи – всебічно проаналізувати сучасну літературу щодо 
молекулярної структури, генетичної регуляції та патогенетичних 
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механізмів Lp(a), зосереджуючись, зокрема, на його прозапальних 
властивостях, опосередкованих окисненими фосфоліпідами. Крім того, 
огляд має на меті оцінити клінічні докази, що пов’язують Lp(a) із серцево-
судинними наслідками, та обговорити нові перспективи РНК-орієнтованої 
терапії та інгібіторів малих молекул. 
Результати. Lp(a) – це гібридний ліпопротеїн, що складається з ЛПНЩ-
подібної частинки, ковалентно зв’язаної з аполіпопротеїном(а) (apo(a)), 
гомологом плазміногена. Його патогенність зумовлена трьома 
синергічними механізмами: проатерогенною затримкою в стінці артерії, 
прозапальною активацією ендотелію через окиснені фосфоліпіди (OxPL) 
та потенційними антифібринолітичними ефектами. Сучасні рекомендації 
(AHA/ACC, EAS) радять проводити скринінг на Lp(a) принаймні один раз 
протягом життя для стратифікації серцево-судинного ризику. Хоча 
традиційна терапія (статини, езетиміб) має мінімальний вплив на Lp(a), 
новітні специфічні методи лікування перебувають на пізніх стадіях 
клінічної розробки. Антисмислові олігонуклеотиди (пелакарсен) та малі 
інтерферуючі РНК (олпасиран, леподисиран) продемонстрували потужне 
дозозалежне зниження рівня Lp(a) (>80-90%) у дослідженнях 2-ї та 3-ї фаз. 
Крім того, мувалаплін, перший пероральний маломолекулярний інгібітор 
утворення Lp(a), показав багатообіцяючі результати в дослідженнях 1-ї 
фази. 
Висновки. Lp(a) є окремим та причинним фактором ризику АССЗ і стенозу 
аорти, що потребує особливої уваги в клінічній практиці. Очікуване 
завершення досліджень серцево-судинних наслідків, ймовірно, затвердить 
терапію зниження Lp(a) як новий наріжний камінь превентивної 
кардіології. 
 

 

Introduction. The quest to reduce the burden of 
cardiovascular disease has traditionally focused on low-
density lipoprotein cholesterol (LDL-C). However, even 
with aggressive LDL-C lowering, many patients continue 
to experience recurrent cardiovascular events, a 
phenomenon known as residual risk. Lipoprotein(a), or 
Lp(a), was first described by Kåre Berg in 1963 as an 
antigenic variant of LDL [1]. For decades, it was 
considered a biochemical curiosity with unclear clinical 
relevance. Today, converging evidence from genome-wide 
association studies (GWAS), Mendelian randomization 
analyses, and large epidemiological cohorts has firmly 
established Lp(a) as an independent, causal, and prevalent 
risk factor for myocardial infarction, ischemic stroke, and 
calcific aortic valve stenosis (CAVD) [2, 3]. According to 
the 2022 Scientific Statement from the American Heart 
Association (AHA), approximately one in five individuals 
globally has Lp(a) levels ≥50 mg/dL (approx. 125 nmol/L), 
placing them at elevated cardiovascular risk [4]. Crucially, 
Lp(a) concentrations are 70–90% genetically determined 
by the LPA gene locus and are stable throughout an 
individual's lifetime, showing minimal response to diet, 
exercise, or statin therapy [5]. 

Biology, structure, and genetics. Lp(a) consists of a 
cholesterol-rich LDL-like particle containing 
apolipoprotein B-100 (apoB), which is covalently linked 
via a disulfide bridge to a unique glycoprotein, 
apolipoprotein(a) (apo(a)) [6]. The assembly of Lp(a) 
occurs on the surface of hepatocytes or in the space of 
Disse, though the precise mechanism remains a subject of 
investigation [7]. The unique structural feature of apo(a) is 
the presence of "kringles" – protein domains with a triple-
loop structure stabilized by disulfide bonds, homologous to 
the kringle IV and V domains of plasminogen. Apo(a) 

contains a single copy of kringle V, a single copy of kringle 
IV type 1 and types 3–10, but a variable number of kringle 
IV type 2 (KIV-2) repeats [6, 8]. 

The LPA gene, located on chromosome 6q26-27, 
evolved from the plasminogen gene (PLG) [9]. The 
number of KIV-2 repeats in the LPA gene varies widely 
among individuals (from <10 to >50 repeats), giving rise 
to different apo(a) isoforms. There is a strong inverse 
relationship between the size of the apo(a) isoform and 
plasma Lp(a) concentration: individuals with fewer KIV-2 
repeats produce smaller apo(a) isoforms, which are 
synthesized and secreted more efficiently, leading to higher 
plasma Lp(a) levels [10]. This size polymorphism explains 
a significant proportion of the variation in Lp(a) levels seen 
in the general population. 

Epidemiology and Population Differences. The 
distribution of Lp(a) concentrations in the population is 
highly skewed, with most individuals having low levels 
and a "tail" of individuals with extremely high values. 
However, these patterns vary significantly across different 
ethnic groups, which is a critical consideration for global 
cardiovascular risk assessment. Data from the Multi-Ethnic 
Study of Atherosclerosis (MESA) and the Dallas Heart 
Study indicate that individuals of African descent have 
median Lp(a) levels approximately two- to three-fold 
higher than Caucasians, Hispanics, or East Asians [11]. 
Despite these higher absolute levels, the association 
between Lp(a) and cardiovascular risk in Black 
populations appears to be less linear than in Caucasians, 
suggesting possible differences in the pathogenicity of 
different apo(a) isoform sizes or modifying genetic factors 
[12]. 

Gender differences also play a physiological role. 
While Lp(a) levels are generally similar between men and 
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premenopausal women, concentrations tend to increase in 
women after menopause. Studies have shown that the 
transition to menopause is associated with a rise in Lp(a) 
levels, potentially contributing to the increased 
cardiovascular risk observed in postmenopausal women 
[13]. This suggests a hormonal regulation component, 
although hormone replacement therapy (HRT) has been 
shown to lower Lp(a) only modestly. 

Pathophysiological mechanisms. Lp(a) promotes 
cardiovascular disease through three distinct but 
interrelated pathological pathways. Like LDL, Lp(a) 
contains cholesterol and can penetrate the arterial intima. 
However, Lp(a) is more prone to retention in the 
subendothelial space than LDL because it binds avidly to 
proteoglycans/glycosaminoglycans in the extracellular 
matrix via its apo(a) component [14]. Once trapped, it 
undergoes oxidation and contributes to the formation of the 
foam cells and the necrotic core of the atherosclerotic 
plaque. 

Kidney Function and Catabolism. The kidney plays 
a significant, albeit not fully understood, role in the 
catabolism of Lp(a) and its fragments. Elevated Lp(a) 
levels are highly prevalent in patients with chronic kidney 
disease (CKD) and end-stage renal disease (ESRD). As the 
glomerular filtration rate (GFR) declines, Lp(a) 
concentrations typically rise. Mechanisms proposed 
include reduced renal excretion of apo(a) fragments and 
increased hepatic synthesis induced by the nephrotic 
syndrome milieu [15]. Importantly, the relationship is 
bidirectional: not only does CKD increase Lp(a), but 
elevated Lp(a) is an independent predictor of CKD 
progression. The pro-inflammatory oxidized phospholipids 
carried by Lp(a) may contribute to renal vascular injury 
and glomerulosclerosis. In patients on dialysis, extremely 
high Lp(a) levels are associated with a dramatically 
increased risk of cardiovascular death and thrombosis of 
vascular access [16]. 

Recent research suggests that the proinflammatory 
effects are likely the dominant pathogenic mechanism. 
Lp(a) is the primary carrier of oxidized phospholipids 
(OxPL) in human plasma [17]. These bioactive lipids are 
covalently bound to the apo(a) component. When Lp(a) 
enters the vessel wall, it delivers this payload of OxPL 
directly to the endothelium and macrophages. OxPL trigger 
a potent inflammatory response by stimulating the 
expression of adhesion molecules (VCAM-1, ICAM-1, E-
selectin) on endothelial cells and promoting the secretion 
of cytokines (IL-1β, IL-6, IL-8) by macrophages [18, 19]. 
This creates a chronic inflammatory environment that 
accelerates plaque progression and destabilization [20]. 
Additionally, due to the high structural homology between 
apo(a) and plasminogen, apo(a) can compete with 
plasminogen for binding sites on fibrin clots and 
endothelial cells. In vitro studies have shown that this 
competition inhibits the generation of plasmin by tissue 
plasminogen activator (tPA), thereby impairing 
fibrinolysis [21, 22]. While the clinical magnitude of this 
thrombotic risk is still debated compared to the atherogenic 
risk, it likely contributes to the pathophysiology of acute 
coronary syndromes and stroke. 

Clinical significance. Meta-analyses of prospective 

population studies, such as the Emerging Risk Factors 
Collaboration, have demonstrated a continuous, log-linear 
association between Lp(a) concentration and incident CAD 
risk [23]. This risk is independent of LDL-C levels. The 
JUPITER trial analysis highlighted that among patients 
treated with potent statins who achieved very low LDL-C 
levels, those with elevated Lp(a) remained at significantly 
higher risk of cardiovascular events, underscoring Lp(a) as 
a driver of residual risk [24]. Furthermore, Lp(a) is the only 
lipoprotein identified as a causal genetic risk factor for 
aortic stenosis [25]. The pathophysiology involves the 
deposition of Lp(a) and OxPL in the valve leaflets. The 
OxPL are converted by the enzyme autotaxin into 
lysophosphatidic acid, which activates the NF-κB and 
NOTCH1 signaling pathways in valve interstitial cells. 
This triggers the transformation of these cells into 
osteoblast-like cells, leading to calcium deposition and 
valve stiffening [26, 27]. 

Peripheral Artery Disease (PAD). While the link 
between Lp(a) and coronary disease is well-established, the 
association with peripheral artery disease (PAD) is even 
stronger in terms of risk magnitude per unit increase in 
Lp(a). Genetic studies have confirmed that Lp(a) is a potent 
driver of large-vessel atherosclerosis in the lower 
extremities. Patients with elevated Lp(a) are at 
significantly higher risk for critical limb ischemia and 
require peripheral revascularization procedures more 
frequently than those with normal levels [28]. The 
mechanism likely involves both the accelerated 
atherosclerotic plaque formation in the femoral and 
popliteal arteries and the thrombotic occlusion of these 
vessels due to the antifibrinolytic properties of apo(a). 

Heart Failure. Historically, the link between Lp(a) and 
heart failure (HF) was considered secondary to myocardial 
infarction. However, recent data from the Copenhagen 
General Population Study suggest that elevated Lp(a) is 
associated with an increased risk of HF even in the absence 
of prior ischemic heart disease. This may be mediated 
partly by the role of Lp(a) in causing aortic valve stenosis, 
which increases left ventricular afterload, leading to 
hypertrophy and eventual pump failure [29]. 

Diagnosis and measurement challenges. Current 
guidelines from the European Atherosclerosis Society 
(EAS) and the AHA recommend measuring Lp(a) at least 
once in every adult’s lifetime to identify those with high 
inherited risk [4, 30]. Clinically, levels below 30 mg/dL (< 
75 nmol/L) are considered within the normal physiological 
range. A linear increase in risk is observed at levels ≥ 30 
mg/dL (≥ 75 nmol/L), while levels ≥ 50 mg/dL (≥ 125 
nmol/L) represent the threshold for high cardiovascular 
risk [4]. A major challenge in clinical practice is the lack 
of standardization in assays. Most commercial assays 
measure Lp(a) mass (mg/dL), which can be inaccurate due 
to the heterogeneity of apo(a) isoforms (antibodies may 
overestimate levels in patients with large isoforms). Molar 
concentration assays (nmol/L), which count the number of 
particles regardless of their mass, are considered the gold 
standard and are recommended for precise risk assessment 
[31]. 

Therapeutic landscape. Standard therapies have 
limited efficacy against Lp(a). While essential for LDL-C 
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reduction, statins do not lower Lp(a) and may even 
paradoxically increase its levels by 10–20% [32]. PCSK9 
inhibitors, such as evolocumab and alirocumab, reduce 
Lp(a) by approximately 20–30% [33]. While beneficial, 
this modest reduction is often insufficient for patients with 
very high baseline levels to achieve a meaningful reduction 
in risk attributed specifically to Lp(a). 

Lipoprotein Apheresis: Technical Aspects and 
Guidelines. Currently, lipoprotein apheresis remains the 
only FDA-approved therapy specifically for lowering 
isolated severe Lp(a) elevations in patients with recurrent 
cardiovascular events despite optimal medical therapy. 
Unlike plasmapheresis, which removes all plasma proteins, 
lipoprotein apheresis selectively removes apoB-containing 
lipoproteins (LDL, VLDL, and Lp(a)). Several systems are 
available, including heparin-induced extracorporeal LDL 
precipitation (HELP), double filtration plasmapheresis 
(DFPP), and adsorption columns (e.g., dextran sulfate 
cellulose). A single session can reduce Lp(a) levels by 60–
75%. However, due to the rebound effect, levels return to 
baseline within 1–2 weeks, necessitating weekly or bi-
weekly sessions [34]. Long-term observational studies, 
such as those from the German Lipoprotein Apheresis 
Registry (GLAR), have demonstrated a >80% reduction in 
major adverse cardiovascular events (MACE) in patients 
undergoing regular apheresis [35]. Despite its efficacy, the 
procedure is invasive, time-consuming (2–4 hours per 
session), and expensive, limiting its availability primarily 
to specialized centers in Germany, Japan, and parts of the 
United States. 

The field is witnessing a revolution with the 
development of therapies that directly target LPA mRNA 
in hepatocytes, preventing the synthesis of apo(a). 
Pelacarsen (TQJ230), an antisense oligonucleotide (ASO) 
conjugated with GalNAc for targeted delivery to the liver, 
reduced Lp(a) by 80% in phase 2 trials [36]. The ongoing 
phase 3 outcome trial, Lp(a)HORIZON, is testing whether 
this profound reduction translates into a decrease in major 
adverse cardiovascular events [37]. Another promising 
class includes small interfering RNA (siRNA) molecules 
like olpasiran and lepodisiran. The OCEAN(a)-DOSE 
phase 2 trial demonstrated a dose-dependent reduction in 
Lp(a) of >95% with olpasiran administered every 12 weeks 
[38], while lepodisiran has shown the ability to maintain 
undetectable Lp(a) levels for nearly a year after a single 
dose in early-phase studies [39]. Beyond injectables, 
muvalaplin represents the first oral small molecule 
inhibitor that works by disrupting the non-covalent 
interaction between apo(a) and apoB, preventing the 
assembly of the Lp(a) particle. Phase 1 results published in 
2023 showed reductions of up to 65% with daily oral 
administration [40, 7]. 

The Statin Paradox: Impact on Lipoprotein(a) and 
Residual Risk. Statins (HMG-CoA reductase inhibitors) 
act as the cornerstone of modern lipid-lowering therapy 
and are universally recognized as the first-line treatment 
for the prevention of ASCVD due to their potent ability to 
reduce low-density lipoprotein cholesterol (LDL-C). 
However, their effect on Lipoprotein(a) [Lp(a)] 
concentrations is distinct, often contradictory, and 
clinically challenging. While statins effectively upregulate 

LDL receptors (LDLR) on the surface of hepatocytes to 
clear circulating LDL, data from major randomized clinical 
trials-including the Long-Term Intervention with 
Pravastatin in Ischaemic Disease (LIPID), the Heart 
Protection Study (HPS), and the Treating to New Targets 
(TNT) trial-indicate that Lp(a) levels do not decrease with 
statin therapy. Instead, a consistent trend toward elevation 
has been observed, a phenomenon frequently described as 
the "statin paradox" [41, 42]. A large-scale meta-analysis 
conducted by Sahebkar et al. (2016), which analyzed 
individual patient data from over 5,000 subjects in 
randomized controlled trials, confirmed a statistically 
significant mean increase in plasma Lp(a) levels by 11.6% 
following statin treatment [47]. 

This effect appears to be largely a class effect of statins, 
although the magnitude of the increase may vary 
depending on the specific agent and dosage used. 
Specifically, atorvastatin has been most frequently 
associated with a noticeable increase in Lp(a) 
concentrations, ranging from 10% to 20% in various 
cohorts [48]. Similarly, the analysis of the JUPITER trial 
demonstrated that rosuvastatin therapy also led to a 
statistically significant median increase in Lp(a), 
challenging the assumption that newer generation statins 
might be neutral [50]. Conversely, other agents such as 
simvastatin and pravastatin generally show a more neutral 
effect or only mild, non-significant alterations in Lp(a) 
levels, suggesting subtle differences in pharmacodynamics 
or gene interactions among different molecules of this class 
[49]. 

The pathophysiological mechanisms driving the statin-
induced rise in Lp(a) are complex and are believed to be 
multifactorial, involving both genetic regulation and 
metabolic shifts in lipoprotein clearance. Experimental 
studies have demonstrated that statins, by inhibiting 
intracellular cholesterol synthesis, induce a compensatory 
activation of the transcription factor SREBP-2 (Sterol 
Regulatory Element-Binding Protein 2). While SREBP-2 
is essential for upregulating the LDLR gene to clear LDL-
C, it has also been shown to bind to the promoter region of 
the LPA gene. This binding enhances the transcriptional 
activity of the LPA gene, thereby directly increasing the 
hepatic synthesis and secretion of apolipoprotein(a), the 
unique protein component of Lp(a) [51]. 

Furthermore, changes in clearance pathways play a 
critical role. Although Lp(a) contains the apoB-100 moiety 
similar to LDL, it is not efficiently cleared by the LDLR 
pathway because the bulky apo(a) tail interferes with the 
ligand-receptor binding interface. Consequently, the statin-
induced overexpression of LDLR clears standard LDL 
particles much more efficiently than Lp(a) particles. This 
selective rapid clearance of LDL may shift the plasma 
lipoprotein balance, making the accumulation of Lp(a) 
more apparent and increasing its relative proportion in the 
circulation [52, 53]. Additionally, while statins exert 
beneficial pleiotropic effects-such as improving 
endothelial function and reducing systemic inflammation-
these mechanisms do not seem to mitigate the specific 
metabolic upregulation of Lp(a) [45]. 

The clinical relevance of this phenomenon contributes 
significantly to the concept of "residual cardiovascular 
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risk." The AIM-HIGH study provided critical insights into 
this issue, demonstrating that among patients treated with 
statins who achieved excellent control of LDL-C levels, 
those with elevated baseline Lp(a) levels continued to 
experience a significantly higher rate of recurrent 
cardiovascular events compared to those with normal Lp(a) 
[54]. This suggests that the pro-inflammatory and pro-
thrombotic properties of Lp(a), driven by its content of 
oxidized phospholipids and its structural homology to 
plasminogen, continue to exert deleterious effects on the 
arterial wall even when LDL-C is aggressively lowered. 
Therefore, the statin-induced rise in Lp(a), while not 
negating the overall substantial mortality benefit of statins, 
represents a therapeutic gap that must be addressed. 

Consequently, for patients with high baseline Lp(a) 
levels or those who exhibit a significant rise in Lp(a) while 
on statins, alternative or adjunctive therapeutic strategies 
may be required. For instance, PCSK9 inhibitors 
(evolocumab, alirocumab) have demonstrated an ability to 
reduce Lp(a) by approximately 25–30%, likely through an 
enhanced receptor-mediated clearance that can partially 
overcome the apo(a) interference [55]. Niacin has 
historically shown efficacy in lowering Lp(a) by 20–30%, 

although its clinical use is currently limited by side effects 
[56]. Most promisingly, the field is moving towards novel 
antisense oligonucleotide therapies and small interfering 
RNAs targeting LPA mRNA, such as pelacarsen and 
olpasiran, which offer the potential to lower Lp(a) by up to 
80% and are expected to resolve this residual risk factor in 
the near future [57]. 

Conclusions. Lipoprotein(a) has transitioned from an 
obscure biomarker to a central target in preventive 
cardiology. The robust evidence base linking Lp(a) to 
atherosclerosis and aortic stenosis via proatherogenic and 
proinflammatory mechanisms necessitates its integration 
into routine cardiovascular risk assessment. While current 
pharmacological options are limited, the imminent arrival 
of potent and specific RNA-based therapies and oral 
inhibitors promises to fill this gap. If the ongoing 
cardiovascular outcome trials confirm the clinical benefit 
of lowering Lp(a), it will mark a paradigm shift in the 
management of residual cardiovascular risk. 
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