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ABSTRACT 

Background: Lipoprotein(a) [Lp(a)] is a genetically determined lipoprotein increasingly recognized as an independent 
cardiovascular risk factor. Its role in ischemic stroke has gained attention, although its clinical relevance remains 
incompletely defined. 
Objective: To summarize current evidence on the role of Lp(a) in stroke pathophysiology, its diagnostic value, and 
therapeutic possibilities. 
Materials and Methods: A systematic review of literature published between 2016 and 2026 was conducted using PubMed, 
Web of Science, and Google Scholar. Meta-analyses, cohort studies, clinical trials, and guideline-based publications 
addressing Lp(a) and stroke were included. 
Results: Elevated Lp(a) levels are associated with an increased risk of ischemic stroke, supported by observational studies 
and meta-analyses. This relationship is largely driven by proatherogenic, proinflammatory, prothrombotic, and 
antifibrinolytic mechanisms. Lp(a) levels are strongly genetically determined, primarily by LPA gene variants. Evidence 
does not support a significant association between Lp(a) and hemorrhagic stroke. Therapeutic options remain limited, as 
standard lipid-lowering therapies have minimal impact on Lp(a). PCSK9 inhibitors provide modest reductions, while novel 
RNA-based therapies show substantial Lp(a) lowering, though their clinical benefit in stroke prevention is yet to be 
confirmed. 
Conclusions: Lp(a) is an important but underutilized marker of ischemic stroke risk. Further studies are needed to establish 
the clinical effectiveness of targeted therapies and to refine its role in routine risk assessment. 
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Introduction 

Stroke is defined as the sudden onset of focal or global neurological deficits caused exclusively by 

vascular factors, lasting longer than 24 hours unless death occurs earlier or symptoms resolve following 

thrombolytic treatment [1,2]. It is the second leading cause of death among non-communicable diseases and 

the third most common cause of death and disability worldwide. According to the World Health Organization 

(WHO), nearly 12 million strokes occur annually, resulting in approximately 7 million deaths. Despite 

significant advances in stroke diagnostics, acute-phase treatment, and modification of risk factors such as 

hypertension, smoking, hypercholesterolemia, excessive salt intake, hyperglycemia, renal failure, and alcohol 

consumption, the incidence and mortality rates remain largely unchanged. Moreover, neurological deficits may 

persist for months or even lifelong [3]. Furthermore, the Lancet Neurology Commission predicts an increase 

in stroke-related mortality from 6.6 million in 2020 to 9.7 million by 2050 [4]. Therefore, identifying additional 

potential risk factors and developing effective methods to reduce them is essential for stroke prevention and 

limiting its consequences. 

In recent years, growing evidence has suggested an increased cardiovascular risk-particularly coronary 

artery disease and aortic stenosis-in individuals with elevated levels of lipoprotein(a) [Lp(a)]. This molecule 

consists of a low-density lipoprotein (LDL) particle linked to apolipoprotein(a) [apo(a)]. It is involved in 

multiple mechanisms, including atherosclerosis, inflammation, and coagulation processes. Lp(a) levels are 

largely genetically determined, with minimal influence from diet and environmental factors [5,6]. 

Due to its pathophysiological role, the association between Lp(a) and other vascular diseases has been 

extensively studied. Increasing evidence suggests that Lp(a) can be considered an independent risk factor for 

stroke [7,8]. 
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The aim of this article is to summarize current evidence regarding the role of lipoprotein(a) in stroke 

pathogenesis, discuss indications for measuring Lp(a) levels, and review available therapeutic options in 

clinical practice. 

 

Materials and Methods 

This study was conducted as a systematic search of current scientific data regarding the role of 

lipoprotein(a) in the pathogenesis, diagnosis, and therapeutic management of stroke. The literature search was 

performed using the following electronic databases: PubMed, Google Scholar, and Web of Science. The 

following keywords were used: “lipoprotein(a)”, “stroke”, “Lp(a)”, “apheresis”, “cerebrovascular disease”, 

“atherosclerosis”, “thrombosis”, “stroke risk”, “PCSK9 inhibitors”, and “RNA therapy”. The analysis included 

meta-analyses, systematic reviews, cohort studies, clinical trials, and guideline-based publications published 

in English or Polish between 2016 and 2026. Particular emphasis was placed on studies evaluating the 

association between Lp(a) levels and stroke, determinants of elevated Lp(a), underlying pathophysiological 

mechanisms, and therapeutic strategies aimed at reducing Lp(a) levels and their effectiveness in stroke 

prevention. Case reports, experimental studies based solely on animal models, and publications without full-

text access were excluded. In cases of overlapping data, studies with the highest methodological quality or 

largest sample size were selected. 
 

Results 

Characteristics of Lipoprotein(a) 

Lipoprotein(a) is a spherical macromolecular complex structurally similar to low-density lipoprotein 

(LDL). Like LDL, it contains apolipoprotein B-100 (apoB-100), has a comparable size, and an identical lipid 

composition. However, it is distinguished by the presence of apolipoprotein(a) [apo(a)], which is covalently 

attached to apoB-100 via a disulfide bond [6,9,10]. Apo(a) consists of multiple repeating protein loops known 

as kringle domains, which surround the lipid core of the particle. Two types of kringle domains are present: 

KIV and KV [7,9–11]. KV occurs as a single copy, whereas KIV exists in 10 different subtypes and is repeated 

between 12 and 52 times, resulting in 34 isoforms of apo(a). This makes apo(a) one of the most polymorphic 

lipoproteins [11,12]. 

Apo(a) exhibits significant structural homology with plasminogen. Although plasminogen contains a 

greater variety of kringle domains (KI–KV), approximately 94% of the amino acid sequence of apo(a) is 

homologous to that of plasminogen. Apo(a) also contains lysine-binding sites, which interfere with receptors 

necessary for plasminogen activation [10,11]. 

The physiological role of Lp(a) remains unclear. However, numerous pathophysiological processes 

associated with Lp(a) have been described, including proatherogenic, proinflammatory, prothrombotic, and 

antifibrinolytic effects [5,7,10]. 

The exact site of Lp(a) synthesis has not been fully elucidated. Some studies suggest that it is produced 

primarily in hepatocytes, while others indicate that its formation may occur on the hepatocyte surface or 

extracellularly [10,11]. 

Lp(a) Concentration 

Lp(a) levels are predominantly genetically determined and show significant interindividual and 

interpopulation variability. They remain relatively constant throughout life, with minimal influence from 

environmental factors such as diet and physical activity [9]. Plasma concentrations range widely, from 1 mg/dL 

to over 1000 mg/dL [11,13]. 

Lp(a) is one of the most strongly genetically regulated lipoproteins. It is estimated that 70–90% of its 

plasma concentration is determined by a single gene, LPA, located on chromosome 6 (6q2.6–2.7), which 

encodes apo(a) [5,6,12,14]. This gene is located within the same cluster as the plasminogen (PLG) gene and 

shares approximately 70% homology with it [10,11]. 

The LPA gene is highly polymorphic due to variability in the number of kringle IV type 2 (KIV-2) 

repeats, resulting in multiple Lp(a) isoforms with different molecular weights. A strong inverse relationship 

has been demonstrated between isoform size and plasma concentration. Up to 70% of variability in Lp(a) levels 

is attributed to KIV-2 copy number, with an additional 22% explained by other factors [6,9]. Smaller isoforms, 

characterized by fewer KIV-2 repeats, are associated with higher plasma concentrations due to more efficient 

hepatic synthesis, whereas larger isoforms correspond to lower Lp(a) levels [6,13]. 
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Due to strong genetic determination, significant differences in Lp(a) levels have been observed across 

ethnic groups. Data from the UK Biobank indicate mean Lp(a) levels of approximately 16, 19, 31, and 75 

nmol/L among Chinese, White, South Asian, and Black individuals, respectively [7,15]. 

Among non-genetic factors, kidney disease, thyroid disorders, liver disease, inflammation, and statin 

therapy have been shown to influence Lp(a) levels. Reduced levels are observed in liver dysfunction, 

hyperthyroidism, and sepsis, whereas hypothyroidism, renal failure, statin use, and menopause are associated 

with increased concentrations [15]. The effects of diet, diabetes, and aging remain inconsistent across studies 

[9,10]. 

According to the 2025 ESC/EAS dyslipidemia guideline update, Lp(a) levels above 50 mg/dL (125 

nmol/L) are associated with increased cardiovascular risk [16]. 

Pathophysiological Mechanisms 

Lipoprotein(a) is involved in multiple complex and interrelated mechanisms. In the context of stroke, 

its proatherogenic, proinflammatory, prothrombotic, and antifibrinolytic effects are of greatest importance [13]. 

Lp(a) contributes to atherogenesis through several pathways. Owing to its lysine-binding sites, Lp(a) 

attaches to components of the extracellular matrix (ECM) within the arterial wall. Compared to LDL particles, 

Lp(a) shows greater accumulation in the vascular wall. It promotes the expression of vascular cell adhesion 

molecule-1 (VCAM-1), E-selectin, and intercellular adhesion molecule-1 (ICAM-1), thereby enhancing 
monocyte adhesion to the endothelium and initiating atherosclerotic plaque formation [5,13,14]. 

Its proatherogenic effect is further amplified by inflammation mediated by oxidized phospholipids 

(OxPLs) carried by Lp(a). Elevated Lp(a) levels are associated with increased OxPL deposition in the arterial 

wall, promoting inflammation and vascular calcification. Chronic vascular inflammation contributes to plaque 

instability [5,7,14]. 

Due to structural similarity between apo(a) and plasminogen, Lp(a) competes for binding sites on fibrin, 

leading to inhibition of plasminogen activation into plasmin and, consequently, impaired fibrinolysis. Smaller 

apo(a) isoforms exhibit higher affinity to binding sites on fibrin [13,14]. Additionally, Lp(a) interferes with 

the binding of tissue plasminogen activator (t-PA) to platelet surfaces and increases the production of 

plasminogen activator inhibitor-1 (PAI-1) [14]. 

Another consequence of reduced plasmin formation is decreased activation of transforming growth 

factor-β (TGF-β), which promotes proliferation of vascular smooth muscle cells [7,14]. 

These mechanisms also occur in cerebral vessels and may directly contribute to ischemic 

cerebrovascular events [7]. 

Clinical Data 

Lp(a) and Ischemic Stroke. Following the recognition of elevated Lp(a) as a predictor of 

cardiovascular disease, increasing attention has been given to its association with stroke risk. Numerous 

observational studies and meta-analyses have demonstrated a correlation between elevated plasma Lp(a) levels 

and the incidence of ischemic stroke [7]. 

A meta-analysis of 41 studies by Kumar et al. (2021) showed a statistically significant association 

between elevated Lp(a) and ischemic stroke risk (SMD 0.76; 95% CI 0.53–0.99). This relationship was 

observed in both Asian (SMD 0.81; 95% CI 0.56–1.05) and Caucasian populations (SMD 0.72; 95% CI 0.36–

1.08) [17]. Similarly, analysis of the REGARDS study (Arora et al., 2019) demonstrated that ischemic stroke 

occurred more frequently in individuals within the highest Lp(a) quartile compared to the lowest, with a hazard 

ratio (HR) of 1.45 (95% CI 0.96–2.19). The association appeared stronger in Black individuals (HR 1.96; 95% 

CI 1.10–3.46) than in White individuals (HR 1.14; 95% CI 0.64–2.04), although this difference was not 

statistically significant. No significant differences were observed between sexes [8]. Kao et al. (2025) reported 

that Lp(a) levels >125 nmol/L were associated with increased ischemic stroke risk (HR 1.12; 95% CI 1.02–

1.22; p = 0.019), although this association was observed only in men. The relationship was independent of age 

and race [18]. 

In the Copenhagen General Population Study and the Copenhagen City Heart Study, Langsted et al. 

(2019) demonstrated that individuals with Lp(a) levels above 93 mg/dL had a 60% higher risk of ischemic 

stroke compared to those with levels below 10 mg/dL. Additionally, genetic variants such as rs10455872 and 

a higher number of kringle IV type 2 repeats were associated with increased stroke risk, supporting a causal 

genetic link [19]. Elevated Lp(a) also amplifies stroke risk in the presence of other risk factors such as advanced 

age, hypertension, and smoking [19]. 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 5 

 

Overall, Lp(a) may serve as a predictor of ischemic stroke; however, the evidence is less robust than for 

coronary artery disease, highlighting the need for further research. The relationship may vary depending on 

stroke subtype, population characteristics, and coexisting risk factors. 

Lp(a) and Hemorrhagic Stroke. In contrast to ischemic stroke, the association between Lp(a) and 

hemorrhagic stroke remains unclear. 

Analysis of UK Biobank data (Kao et al., 2025) showed no significant association between Lp(a) 

levels >125 nmol/L and the risk of hemorrhagic stroke (HR 0.95; 95% CI 0.79–1.13), subarachnoid 

hemorrhage (HR 0.96; 95% CI 0.73–1.26), or intracerebral hemorrhage (HR 0.92; 95% CI 0.73–1.16) [18]. 

Similarly, Daghlas et al. (2026) found no association between genetically predicted Lp(a) levels and all‐cause 

ICH and deep ICH [20]. 

Some smaller studies have reported conflicting findings. For example, Fu et al. (2020) observed a 1.64-

fold increased risk of hemorrhagic stroke in men with elevated Lp(a) levels in a Chinese population. However, 

this study included only 196 cases [21]. Conversely, a study in peritoneal dialysis patients suggested a potential 

protective effect of higher Lp(a) levels [22]. 

Overall, based on larger and more robust datasets, Lp(a) does not appear to be a risk factor for 

hemorrhagic stroke and may have a neutral or even protective role. However, further high-quality studies are 

needed. 
Lp(a) and Stroke Recurrence. Cohort studies indicate that elevated Lp(a) levels may also increase the 

risk of recurrent ischemic stroke, not only primary events. This is particularly important given the limited 

options for reducing Lp(a) levels compared to other modifiable risk factors. Due to its proatherogenic 

properties, Lp(a) appears to be especially relevant in large-artery stroke subtypes [7,23]. 

Lange et al. (2017) demonstrated that Lp(a) levels above 30 mg/dL were associated with a 2.6-fold 

increased risk of recurrent cerebrovascular events in patients after a first ischemic stroke [24]. 

However, the number of studies addressing stroke recurrence remains limited, and further research is 

needed. 

Measurement of Lp(a) 

Currently, there are no specific guidelines regarding Lp(a) measurement in the context of stroke risk 

assessment. However, the European Atherosclerosis Society and the National Lipid Association recommend 

measuring Lp(a) at least once in every adult to identify individuals at increased risk of atherosclerotic 

cardiovascular disease. This is particularly relevant in patients with premature cardiovascular events, including 

stroke, and in cases of ischemic stroke of unknown etiology [16,25]. In pediatric populations, routine screening 

is not recommended due to insufficient clinical evidence. Measurement may be considered in children and 

adolescents with a history of ischemic or hemorrhagic stroke. In this group, the absence of typical 

environmental risk factors suggests a potentially greater role of Lp(a) in stroke pathogenesis [23]. 

Therapeutic Interventions 

Despite strong epidemiological and genetic evidence linking elevated Lp(a) levels with ischemic stroke 

risk, therapeutic options for reducing Lp(a) remain limited. Currently, no medications are specifically approved 

for lowering Lp(a). However, increasing evidence has emerged regarding the effects of existing lipid-lowering 

therapies, as well as novel agents directly targeting Lp(a). Importantly, the extent to which Lp(a) reduction 

translates into clinical benefit is still under investigation [7, 10, 16]. 

At present, in patients with elevated Lp(a), the cornerstone of management is aggressive control of 

modifiable cardiovascular risk factors, including LDL cholesterol, controlling blood pressure, optimizing 

glycemic control, smoking cessation, and weight reduction [23]. 

PCSK9 Inhibitors. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, such as 

evolocumab, alirocumab, and inclisiran, have been shown to reduce Lp(a) levels by approximately 20–30% 

[7,26]. This effect is likely related to enhanced hepatic clearance of Lp(a) particles via upregulation of LDL 

receptors [27,28]. In the ODYSSEY OUTCOMES trial, treatment with alirocumab was associated with a 

reduced risk of stroke, independent of baseline LDL levels [29]. Similarly, the FOURIER trial demonstrated 

that adding evolocumab to statin therapy reduced the incidence of all types of stroke [30]. However, it remains 

unclear whether these clinical benefits are directly attributable to Lp(a) reduction or primarily driven by LDL 

lowering. 

Statins. Statins remain the cornerstone of lipid-lowering therapy and are widely used in the primary and 

secondary prevention of ischemic stroke. However, in contrast to their well-established LDL-lowering effect, 

statins have minimal impact on Lp(a) levels and may even lead to a modest increase of up to 10% [7,10,14,31]. 

The mechanism underlying this increase is not fully understood. Importantly, there is no evidence to suggest 
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that statin-induced increases in Lp(a) translate into a higher risk of stroke. Given their proven benefit in 

reducing cardiovascular and cerebrovascular events, current ESC/EAS guidelines recommend continued statin 

therapy regardless of Lp(a) levels [7, 16, 31]. Additionally, recommendations proposed by Galimberti et al. 

(2022) suggest estimating the degree of LDL reduction required to offset the excess cardiovascular risk 

associated with elevated Lp(a), taking into account patient age and baseline Lp(a) concentration [32]. 

ASO. In recent years, significant progress has been made in the development of therapies directly 

targeting Lp(a) synthesis. Antisense oligonucleotides (ASO) represent one such approach. These synthetic 

single-stranded nucleotides degrade LPA mRNA via RNase H, thereby reducing hepatic production of apo(a). 

Pelacarsen is the most extensively studied ASO. It has demonstrated dose-dependent reductions in Lp(a) levels 

ranging from approximately 30% to 90% in early-phase clinical trials [7,31,33]. The drug is administered via 

subcutaneous injection and is generally well tolerated, with mild injection-site reactions being the most 

commonly reported adverse events. Pelacarsen is a second-generation ASO conjugated with N-

acetylgalactosamine (GalNAc), which enhances hepatocyte uptake, improves efficacy, and allows for less 

frequent dosing ( monthly administration) [7,31]. The ongoing phase 3 randomized controlled trial 

Lp(a)HORIZON is expected to determine whether these reductions translate into reduced cardiovascular 

morbidity and mortality[33]. 

siRNA-Based Therapies. Another promising therapeutic strategy involves small interfering RNA 
(siRNA). These double-stranded RNA molecules selectively inhibit LPA gene expression, leading to reduced 

apo(a) synthesis in hepatocytes and consequently lower plasma Lp(a) levels [7, 26, 31]. Among the most 

advanced agents in this class is olpasiran, which has demonstrated substantial efficacy in lowering Lp(a) 

concentrations in clinical studies. Depending on the dosing regimen, reductions of approximately 70% to over 

100% have been reported [31, 34]. Notably, the therapeutic effect appears to be sustained over time, with 

significant reductions persisting for several months after administration. For example, in some dosing groups, 

a reduction of around 40% was maintained for more than 12 months following a single dose [26]. Treatment 

with siRNA-based therapies has been generally well tolerated, with no major safety concerns identified to date. 

The most commonly reported adverse events are mild and limited to injection-site reactions [34]. Similar 

efficacy and safety profiles have also been observed for other agents in this class, such as zerlasiran and 

lepodisiran [26]. Given their potent and sustained effects, as well as infrequent dosing schedules (every 

months), siRNA-based therapies may offer high patient adherence and represent a promising future strategy 

for stroke prevention. Currently, large-scale outcome trials, such as OCEAN(a)-OUTCOMES, are underway 

to determine whether these therapies reduce major adverse cardiovascular events [7,31]. Their specific impact 

on stroke prevention remains to be established. 

 

Discussion 

In recent years, lipoprotein(a) has gained increasing recognition as a significant cardiovascular risk 

factor. Emerging evidence suggests that elevated Lp(a) levels can be considered an independent risk factor for 

ischemic stroke. This association has been consistently demonstrated in observational studies and meta-

analyses across different populations and in the presence of other risk factors. Although, the strength of the 

relationship appears to be less pronounced than in the case of coronary artery disease. Importantly, genetic 

data provide strong support for a causal link between Lp(a) and cerebrovascular events. Variants within the 

LPA gene, including polymorphisms such as rs10455872, as well as a lower number of kringle IV type 2 

repeats, are associated with higher plasma Lp(a) concentrations and increased stroke risk. These findings 

suggest that Lp(a) is not merely a marker of vascular risk but may play a direct role in disease pathogenesis. 

Clinical studies indicate that elevated Lp(a) levels are associated not only with the occurrence of primary 

ischemic stroke but also with an increased risk of recurrent cerebrovascular events. However, the number of 

studies addressing stroke recurrence is relatively small, and further research is needed to confirm these 

observations. In contrast, no consistent association has been demonstrated between Lp(a) and hemorrhagic 

stroke. 

The mechanisms underlying this relationship are complex and multifactorial. Lp(a) has been shown to 

promote atherosclerosis, destabilize atherosclerotic plaques, enhance vascular inflammation, and interfere with 

fibrinolysis, thereby creating a prothrombotic environment. 

From a clinical perspective, measurement of Lp(a) appears justified, particularly in individuals with 

premature or unexplained cardiovascular events, including ischemic stroke. Current guidelines recommend at 

least one lifetime measurement in adults. However, thresholds specifically defining increased stroke risk 
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remain insufficiently established. This limits the integration of Lp(a) into routine cerebrovascular risk 

stratification. 

Therapeutic options targeting Lp(a) are currently limited. Conventional lipid-lowering therapies, 

including statins, have minimal or no effect on Lp(a) levels and may even lead to a modest increase. 

Nevertheless, their overall benefit in reducing cardiovascular and cerebrovascular risk supports their continued 

use. PCSK9 inhibitors have been shown to reduce Lp(a) levels by approximately 20–30% and are associated 

with a reduction in stroke incidence, although it remains uncertain whether this effect is directly mediated by 

Lp(a) lowering. 

In recent years, significant progress has been made in the development of therapies specifically targeting 

Lp(a). Antisense oligonucleotides and siRNA-based therapies have demonstrated substantial and sustained 

reductions in Lp(a) levels in clinical trials. These approaches represent a major advancement in the field. 

However, it remains unclear whether such reductions translate into meaningful clinical benefits, particularly 

in terms of stroke prevention. Ongoing large-scale randomized trials are expected to provide further insight 

into this issue. 

Taken together, Lp(a) appears to be an important but still underutilized factor in cerebrovascular risk 

assessment. Further large-scale, prospective studies are required to clarify its role in stroke pathogenesis, 

establish clinically relevant thresholds, and determine the effectiveness of targeted therapeutic interventions. 
 

Conclusions 

Lipoprotein(a) represents an important factor in the assessment of ischemic stroke risk. Elevated Lp(a) 

levels are associated with increased risk, while current therapeutic options for reducing its concentration 

remain limited. Conventional lipid-lowering therapies have little or no effect on Lp(a). Emerging RNA-based 

and antisense therapies show promising results in significantly lowering Lp(a) levels; however, their clinical 

effectiveness in stroke prevention has yet to be established. At present, elevated Lp(a) should prompt 

intensified management of other modifiable stroke risk factors. Further research is needed to refine 

recommendations regarding Lp(a) measurement and to determine the role of targeted therapies in stroke 

prevention. 

 

Authors’ contribution: 

Conceptualization: Mikołaj Góralczyk, Jakub Sapikowski, Jakub Idziński, Anna Lubomska, Julita 

Jagodzińska, Igor Jętasiewicz, Martyna Grześkowiak, Iga Kuba, Maria Bieske, Agata Juchniewicz 

Methodology: Jakub Sapikowski, Iga Kuba, Julita Jagodzińska, Martyna Grześkowiak 

Software: not applicable 

Verification: Maria Bieske, Agata Juchniewicz, Anna Lubomska 

Formal analysis: Anna Lubomska, Igor Jętasiewicz, Martyna Grześkowiak 

Research: Mikołaj Góralczyk, Jakub Sapikowski, Agata Juchniewicz, Jakub Idziński, Anna Lubomska, 

Julita Jagodzińska, Igor Jętasiewicz, Martyna Grześkowiak, Iga Kuba, Maria Bieske 

Resources: Jakub Idziński, Mikołaj Góralczyk, Julita Jagodzińska 

Data curation: Jakub Idziński, Anna Lubomska, Mikołaj Góralczyk 

Writing - rough preparation: Mikołaj Góralczyk, Maria Bieske, Agata Juchniewicz, Jakub Idziński, 

Igor Jętasiewicz,, Martyna Grześkowiak 

Writing - review and editing: Jakub Sapikowski, Iga Kuba, Mikołaj Góralczyk, Anna Lubomska, Julita 

Jagodzińska 

Visualization: Agata Juchniewicz, Iga Kuba, Julita Jagodzińska, Jakub Idziński 

Supervision: Jakub Sapikowski, Iga Kuba, Maria Bieske, Jakub Idziński 

Project administration: Mikołaj Góralczyk, Jakub Sapikowski, Jakub Idziński, Anna Lubomska, Julita 

Jagodzińska, Igor Jętasiewicz, Martyna Grześkowiak, Iga Kuba, Maria Bieske, Agata Juchniewicz 

Finding acquisition: not applicable 

 

All authors have read and agreed with the published version of the manuscript. 

Funding statement: This research received no external funding. 

Conflict of Interests Statement: The authors declare that the research was conducted in the absence of 

any commercial or financial relationship that could be construed as a potential conflict of interest. 

 

 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

REFERENCES 

 
1. Członkowska, A. (n.d.). Udar mózgu. In Interna. Medycyna Praktyczna (Rozdział B16.II.2.29). Medycyna 

Praktyczna. Retrieved February 28, 2026, from https://www.mp.pl/interna/chapter/B16.II.2.29 
2. Sienkiewicz-Jarosz, H. (n.d.). Udar mózgu. In Stany nagłe: Neurologia. Podyplomie.pl. Retrieved February 28, 2026, 

from https://podyplomie.pl/wiedza/stany-nagle/311%2Cudar-mozgu 
3. Feigin, V. L., Brainin, M., Norrving, B., Martins, S. O., Pandian, J., Lindsay, P., Grupper, M. F., & Rautalin, I. 

(2025). World Stroke Organization: Global stroke fact sheet 2025. International Journal of Stroke, 20(2), 132–144. 
https://doi.org/10.1177/17474930241308142 

4. Feigin, V. L., Owolabi, M. O., & World Stroke Organization–Lancet Neurology Commission Stroke Collaboration 
Group. (2023). Pragmatic solutions to reduce the global burden of stroke: A World Stroke Organization–Lancet 
Neurology Commission. The Lancet Neurology, 22(12), 1160–1206. https://doi.org/10.1016/S1474-
4422(23)00277-6 

5. Reyes-Soffer, G., Ginsberg, H. N., Berglund, L., Duell, P. B., Heffron, S. P., Kamstrup, P. R., Lloyd-Jones, D. M., 
Marcovina, S. M., Yeang, C., Koschinsky, M. L., & American Heart Association Council on Arteriosclerosis, 
Thrombosis and Vascular Biology, Council on Cardiovascular Radiology and Intervention, and Council on 
Peripheral Vascular Disease. (2022). Lipoprotein(a): A genetically determined, causal, and prevalent risk factor for 
atherosclerotic cardiovascular disease: A scientific statement from the American Heart Association. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 42(1), e48–e60. https://doi.org/10.1161/ATV.0000000000000147 

6. Surma, S., & Zembala, M. O. (2023). Lipoproteina(a)—dlaczego jest taka ważna, również dla kardiochirurga? 
Aktualny przegląd literatury i badań klinicznych. Choroby Serca i Naczyń, 20(2–3), 97–107. 
https://doi.org/10.5603/chsin.98264 

7. Panagiotopoulos, E., Palaiodimou, L., Theodorou, A., Papagiannopoulou, G., Bakola, E., Chondrogianni, M., 
Psychogios, K., Kargiotis, O., Safouris, A., Vlachopoulos, C., Giannopoulos, S., Themistocleous, M., Lambadiari, 
V., Tsivgoulis, G., & Stefanou, M. I. (2025). Lipoprotein(a) as a stroke biomarker: Pathophysiological pathways 
and therapeutic implications. Journal of Clinical Medicine, 14(9), Article 2990. 
https://doi.org/10.3390/jcm14092990 

8. Arora, P., Kalra, R., Callas, P. W., Alexander, K. S., Zakai, N. A., Wadley, V., Arora, G., Kissela, B. M., Judd, S. 
E., & Cushman, M. (2019). Lipoprotein(a) and risk of ischemic stroke in the REGARDS study. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 39(4), 810–818. https://doi.org/10.1161/ATVBAHA.118.311857 

9. Maranhão, R. C., Carvalho, P. O., Strunz, C. C., & Pileggi, F. (2014). Lipoprotein(a): Structure, pathophysiology, 
and clinical implications. Arquivos Brasileiros de Cardiologia, 103(1), 76–84. 
https://doi.org/10.5935/abc.20140101 

10. Tasdighi, E., Adhikari, R., Almaadawy, O., Leucker, T. M., & Blaha, M. J. (2024). Lp(a): Structure, genetics, 
associated cardiovascular risk, and emerging therapeutics. Annual Review of Pharmacology and Toxicology, 64, 
135–157. https://doi.org/10.1146/annurev-pharmtox-031023-100609 

11. Schmidt, K., Noureen, A., Kronenberg, F., & Utermann, G. (2016). Structure, function, and genetics of 
lipoprotein(a). Journal of Lipid Research, 57(8), 1339–1359. https://doi.org/10.1194/jlr.R067314 

12. Coassin, S., & Kronenberg, F. (2022). Lipoprotein(a) beyond the kringle IV repeat polymorphism: The complexity 
of genetic variation in the LPA gene. Atherosclerosis, 349, 17–35. 
https://doi.org/10.1016/j.atherosclerosis.2022.04.003 

13. Farzam, K., Zubair, M., & Senthilkumaran, S. (2024). Lipoprotein A. In StatPearls. StatPearls Publishing. 
14. Lampsas, S., Xenou, M., Oikonomou, E., Pantelidis, P., Lysandrou, A., Sarantos, S., Goliopoulou, A., Kalogeras, 

K., Tsigkou, V., Kalpis, A., Paschou, S. A., Theofilis, P., Vavuranakis, M., Tousoulis, D., & Siasos, G. (2023). 
Lipoprotein(a) in atherosclerotic diseases: From pathophysiology to diagnosis and treatment. Molecules, 28(3), 
Article 969. https://doi.org/10.3390/molecules28030969 

15. Kronenberg, F., Mora, S., Stroes, E. S. G., Ference, B. A., Arsenault, B. J., Berglund, L., Dweck, M. R., Koschinsky, 
M., Lambert, G., Mach, F., McNeal, C. J., Moriarty, P. M., Natarajan, P., Nordestgaard, B. G., Parhofer, K. G., 
Virani, S. S., von Eckardstein, A., Watts, G. F., Stock, J. K., . . . Catapano, A. L. (2022). Lipoprotein(a) in 
atherosclerotic cardiovascular disease and aortic stenosis: A European Atherosclerosis Society consensus statement. 
European Heart Journal, 43(39), 3925–3946. https://doi.org/10.1093/eurheartj/ehac361 

16. Correction to: 2025 focused update of the 2019 ESC/EAS guidelines for the management of dyslipidaemias: 
Developed by the task force for the management of dyslipidaemias of the European Society of Cardiology (ESC) 
and the European Atherosclerosis Society (EAS). (2026). European Heart Journal, 47(6), 697. 
https://doi.org/10.1093/eurheartj/ehaf1036 

17. Kumar, P., Swarnkar, P., Misra, S., & Nath, M. (2021). Lipoprotein(a) level as a risk factor for stroke and its subtype: 
A systematic review and meta-analysis. Scientific Reports, 11(1), Article 15660. https://doi.org/10.1038/s41598-
021-95141-0 

18. Kao, A. S., Kermanshahchi, J., Khosrowjerdi, S., Razavi, A. C., Levene, J., Reyes, M., Garg, P., Longstreth, W. T., 
Jr., Rannikmae, K., Sudlow, C., Tsai, M., Tsimikas, S., Saeed, A., & Bhatia, H. S. (2025). Demographics of 
lipoprotein(a) and stroke: The UK Biobank. American Journal of Preventive Cardiology, 23, Article 101055. 
https://doi.org/10.1016/j.ajpc.2025.101055 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 9 

 

19. Langsted, A., Nordestgaard, B. G., & Kamstrup, P. R. (2019). Elevated lipoprotein(a) and risk of ischemic stroke. 

Journal of the American College of Cardiology, 74(1), 54–66. https://doi.org/10.1016/j.jacc.2019.03.524 

20. Daghlas, I., Georgakis, M. K., Arsenault, B. J., Kim, A. S., Burgess, S., & Gill, D. (2026). Genetically predicted 

levels of lipoprotein(a) and risk of cerebrovascular disease. Journal of the American Heart Association, 15(3), 

Article e045423. https://doi.org/10.1161/JAHA.125.045423 

21. Fu, H., Zhang, D., Zhu, R., Cui, L., Qiu, L., Lin, S., & Peng, B. (2020). Association between lipoprotein(a) 

concentration and the risk of stroke in the Chinese Han population: A retrospective case-control study. Annals of 

Translational Medicine, 8(5), Article 212. https://doi.org/10.21037/atm.2020.01.38 

22. Chen, Y., Zhan, X., Zhao, Q., Wei, X., Xiao, J., Yan, C., & Zhang, W. (2019). Serum lipoprotein(a) and risk of 

hemorrhagic stroke among incident peritoneal dialysis patients: A large study from a single center in China. Renal 

Failure, 41(1), 800–807. https://doi.org/10.1080/0886022X.2019.1659151 

23. Kosmas, C. E., Bousvarou, M. D., Papakonstantinou, E. J., Zoumi, E. A., & Rallidis, L. S. (2024). Lipoprotein(a) 

and cerebrovascular disease. Journal of International Medical Research, 52(7), Article 3000605241264182. 

https://doi.org/10.1177/03000605241264182 

24. Lange, K. S., Nave, A. H., Liman, T. G., Grittner, U., Endres, M., & Ebinger, M. (2017). Lipoprotein(a) levels and 

recurrent vascular events after first ischemic stroke. Stroke, 48(1), 36–42. 

https://doi.org/10.1161/STROKEAHA.116.014436 

25. Koschinsky, M. L., Bajaj, A., Boffa, M. B., Dixon, D. L., Ferdinand, K. C., Gidding, S. S., Gill, E. A., Jacobson, T. 

A., Michos, E. D., Safarova, M. S., Soffer, D. E., Taub, P. R., Wilkinson, M. J., Wilson, D. P., & Ballantyne, C. M. 

(2024). A focused update to the 2019 NLA scientific statement on use of lipoprotein(a) in clinical practice. Journal 

of Clinical Lipidology, 18(3), e308–e319. https://doi.org/10.1016/j.jacl.2024.03.001 

26. Nicholls, S. J. (2024). Therapeutic potential of lipoprotein(a) inhibitors. Drugs, 84(6), 637–643. 

https://doi.org/10.1007/s40265-024-02046-z 

27. Raal, F. J., Giugliano, R. P., Sabatine, M. S., Koren, M. J., Blom, D., Seidah, N. G., Honarpour, N., Lira, A., Xue, 

A., Chiruvolu, P., Jackson, S., Di, M., Peach, M., Somaratne, R., Wasserman, S. M., Scott, R., & Stein, E. A. (2016). 
PCSK9 inhibition-mediated reduction in Lp(a) with evolocumab: An analysis of 10 clinical trials and the LDL 

receptor’s role. Journal of Lipid Research, 57(6), 1086–1096. https://doi.org/10.1194/jlr.P065334 

28. O’Donoghue, M. L., Fazio, S., Giugliano, R. P., Stroes, E. S. G., Kanevsky, E., Gouni-Berthold, I., Im, K., Lira 

Pineda, A., Wasserman, S. M., Češka, R., Ezhov, M. V., Jukema, J. W., Jensen, H. K., Tokgözoğlu, S. L., Mach, F., 

Huber, K., Sever, P. S., Keech, A. C., Pedersen, T. R., & Sabatine, M. S. (2019). Lipoprotein(a), PCSK9 inhibition, 

and cardiovascular risk. Circulation, 139(12), 1483–1492. 

https://doi.org/10.1161/CIRCULATIONAHA.118.037184 

29. Jukema, J. W., Zijlstra, L. E., Bhatt, D. L., Bittner, V. A., Diaz, R., Drexel, H., Goodman, S. G., Kim, Y. U., Pordy, 

R., Reiner, Ž., Roe, M. T., Tse, H. F., Montenegro Valdovinos, P. C., White, H. D., Zeiher, A. M., Szarek, M., 

Schwartz, G. G., Steg, P. G., & ODYSSEY OUTCOMES Investigators. (2019). Effect of alirocumab on stroke in 

ODYSSEY OUTCOMES. Circulation, 140(25), 2054–2062. 

https://doi.org/10.1161/CIRCULATIONAHA.119.043826 

30. Giugliano, R. P., Pedersen, T. R., Saver, J. L., Sever, P. S., Keech, A. C., Bohula, E. A., Murphy, S. A., Wasserman, 

S. M., Honarpour, N., Wang, H., Lira Pineda, A., Sabatine, M. S., & FOURIER Investigators. (2020). Stroke 

prevention with the PCSK9 (proprotein convertase subtilisin-kexin type 9) inhibitor evolocumab added to statin in 

high-risk patients with stable atherosclerosis. Stroke, 51(5), 1546–1554. 

https://doi.org/10.1161/STROKEAHA.119.027759 

31. Kosmas, C. E., Bousvarou, M. D., Papakonstantinou, E. J., Tsamoulis, D., Koulopoulos, A., Echavarria Uceta, R., 

Guzman, E., & Rallidis, L. S. (2023). Novel pharmacological therapies for the management of 

hyperlipoproteinemia(a). International Journal of Molecular Sciences, 24(17), Article 13622. 

https://doi.org/10.3390/ijms241713622 

32. Galimberti, F., Olmastroni, E., Catapano, A. L., & Ference, B. A. (2022). Estimating the magnitude of LDL-C 

reduction needed to overcome the increased risk of atherosclerotic cardiovascular events caused by Lp(a) to guide 

clinical management. Atherosclerosis, 355, 25. 

33. Cho, L., Nicholls, S. J., Nordestgaard, B. G., Landmesser, U., Tsimikas, S., Blaha, M. J., Leitersdorf, E., Lincoff, 

A. M., Lesogor, A., Manning, B., Kozlovski, P., Cao, H., Wang, J., & Nissen, S. E. (2025). Design and rationale of 

Lp(a)HORIZON trial: Assessing the effect of lipoprotein(a) lowering with pelacarsen on major cardiovascular 

events in patients with CVD and elevated Lp(a). American Heart Journal, 287, 1–9. 

https://doi.org/10.1016/j.ahj.2025.03.019 

34. O’Donoghue, M. L., Rosenson, R. S., Gencer, B., López, J. A. G., Lepor, N. E., Baum, S. J., Stout, E., Gaudet, D., 

Knusel, B., Kuder, J. F., Ran, X., Murphy, S. A., Wang, H., Wu, Y., Kassahun, H., Sabatine, M. S., & OCEAN(a)-

DOSE Trial Investigators. (2022). Small interfering RNA to reduce lipoprotein(a) in cardiovascular disease. The 

New England Journal of Medicine, 387(20), 1855–1864. https://doi.org/10.1056/NEJMoa2211023 


