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ABSTRACT

Aim: To review information sources on this issue in order to provide up-to-date knowledge on the pathogenesis of this condition

Materials and Methods: The PubMed, Embase, and the Cochrane Library databases were searched for studies from inception to April 16, 2022, without
language restrictions. Databases were searched for studies from inception 2010 to December, 2024, without language restrictions. Key words for search:
Lipoprotein(a), Lp[al, dyslipidemia, classical vascular risk factors, cardiovascular disease, cardiovascular risk, cardiovascular risk factor, cerebral atherosclerosis.
More than 37 sources was analyzed.

Conclusions: Cardiovascular diseases remain the leading cause of disability and mortality globally. While dyslipidemia is a well-established risk factor for
coronary atherosclerosis and myocardial infarction, its role in the development of intracranial atherosclerosis is less well characterized. Current evidence suggests
that plasma measurement of lipoprotein(a) [Lp(a)] using validated assays is sufficient for cardiovascular risk stratification, obviating the need for genetic testing
of Lp(a). Advanced diagnostic methods have demonstrated that elevated Lp(a) levels are associated with increased vascular wall inflammation, reinforcing
its causal role in atherogenesis. Intracranial atherosclerosis, a major cause of ischemic stroke, is linked to a heightened risk of recurrent cerebrovascular events
and the progression of vascular cognitive impairment. Although Lp(a) is a recognized risk factor for stroke, its predictive value appears to be lower than that for
coronary heart disease or composite cardiovascular outcomes. Therefore, the clinical implications of elevated Lp(a) levels in relation to carotid and intracranial

atherosclerosis merit further investigation, particularly in the context of stroke prevention and vascular dementia.
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INTRODUCTION

Cardiovascular diseases (CVD) are the primary causes of
disability and mortality globally. Over the past 70 years,
significant advancements in medicine have allowed the
identification of both established and new risk factors for
these diseases, which, in turn, have facilitated the develop-
mentand implementation of numerous pharmacological
approaches for primary and secondary prevention [1].

AIM

The aim is to review information resources on this
problem for the provision of modern knowledge in the
pathogenesis of this pathology.

MATERIALS AND METHODS
The PubMed, Embase, and the Cochrane Library data-
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bases were searched for studies from inception to April
16,2022, without language restrictions. Databases were
searched for studies from inception 2010 to December,
2024, without language restrictions.

Key words for search: Lipoprotein(a), Lp[al, dyslipid-
emia, classical vascular risk factors, cardiovascular dis-
ease, cardiovascular risk, cardiovascular risk factor, cere-
bral atherosclerosis. More than 37 sources was analyzed.

INCLUSION CRITERIA
According to the PICOS (population, intervention,
comparison, outcome, and study design), the criteria
for considering studies for this review were as follows:
types of participants: adult (age > 18 years) general
population.

Types of studies: random controlled trails (RCTs), post
hoc analyses of RCTs, or observational cohort studies.
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EXCLUSION CRITERIA

Cross-sectional studies due to the highrisk for bias, studies
focusing on children and adolescents; studies not reporting
multivariable adjusted outcomes. In addition, articles
without sufficient data (reviews, editorials, preclinical
studies) and studies not relevant for the purpose of the
current meta-analysis were excluded. If the same population
was used in multiple studies, we selected the article with
the most information or the largest sample size.

REVIEW AND DISCUSSION

THE ROLE OF LIPOPROTEIN (A) ASACVD
RISK FACTOR
Despite substantial progress in CVD treatment, the re-
sidual risk of these diseases remains high, even among
patients receiving adequate therapy. This is likely due
to the still-high prevalence of classical risk factors, such
as elevated cholesterol levels, smoking, hypertension,
obesity, diabetes, and low physical activity. However,
residual risk, which cannot be fully explained by these
factors, points to the existence of additional contribu-
tors to disease development. Elevated concentrations
of lipoprotein (a) [Lp(a)] are present in 10-20% of the
population and have long been associated with an in-
creased risk of ischemic heart disease (IHD) and other
ischemic cardiovascular conditions. However, Lp(a) is
currently not targeted for treatment in CVD prevention.
European and American guidelines, including the 2016
European Guidelines on Dyslipidemias and the 2018
American Heart Association/American College of Cardiol-
ogy Guidelines, recommend measuring Lp(a) levels to as-
sess riskin high-risk groups [2,3]. These recommendations
align with the positions of the European Atherosclerosis
Society and the National Lipid Association in the USA,
which also advocate screening for elevated Lp(a) levels in
individuals at moderate and high CVDrrisk. Early studies on
the composition of Lp(a) suggested that this lipoprotein
might contribute to the development of atherosclerosis
through its lipid component. Modern techniques, such
as fluorodeoxyglucose-positron emission tomography,
confirm the presence of increased inflammation in the
arterial walls of patients with elevated Lp(a) levels, further
supporting its role in atherosclerosis progression [4-7].
A recent study based on data from the UK Biobank, en-
compassing over 460,000 individuals, became the largest
investigation into the risk of atherosclerotic cardiovascular
diseases (ASCVD) associated with Lp(a) levels [8]. The
findings of this study validated the recommendations
of the American College of Cardiology/American Heart
Association for using Lp(a) as a marker of elevated risk.
This marker may guide the initiation of statin therapy in

individuals with a moderate (5%-7.4%) or intermediate
(7.5%-19.9%) 10-year predicted risk of ASCVD.

The evidence linking Lp(a) levels to ASCVD is robust,
as confirmed by a large population study that demon-
strated a consistent risk of ASCVD with progressive
increases in Lp(a) levels [9]. Regarding whether the size
of apolipoprotein A (apo(A)) might be associated with
ASCVD, there is significant interest. However, it is cur-
rently believed that measuring the molar concentration
of Lp(a) is sufficient for risk assessment, as additional
measurement of apo(A) size does not provide signifi-
cant added value for clinical risk evaluation.

In 2009, two large genetic epidemiological studies were
published, confirming Lp(a) as a causal risk factor for isch-
emic heart disease (IHD) [10]. The first study, conducted
using the Mendelian randomization method and including
over 40,000 individuals, demonstrated an increased risk of
myocardial infarction (Ml) associated with high Lp(a) levels
and a reduced number of repeats in the LPA gene encod-
ing kringle IV type 2 (KIV2), which is also linked to elevated
Lp(a) concentrations. Instrumental analysis revealed that
doubling Lp(a) concentration increases Ml risk by approx-
imately 20%. The second case-control study included
3,100 IHD cases genotyped for 49,000 gene variants across
2,100 candidate genes, identifying two single nucleotide
polymorphisms (SNPs) in LPA (rs10455872 and rs3798220)
with the strongest association to IHD risk among all tested
SNPs. Together, these studies provided strong genetic ev-
idence of a causal link between Lp(a) and IHD, consistent
with earlier research examining Lp(a) phenotypes and their
association with IHD risk. Additionally, further studies on
the general population cohort in Copenhagen found that
high Lp(a) levels and corresponding risk-related genotypes
are associated with increased cardiovascular and overall
mortality and more frequent recurrences of cardiovascular
events, further confirming the genetic link between Lp(a)
and CVD. The PROCARDIS study, which included approxi-
mately 4,000 patients and a control group of similar size,
demonstrated that carriers of certain genetic variants had
39% lower median Lp(a) levels and a 21% reduced risk of
IHD, indicating potential therapeutic benefits of lowering
Lp(a) levels. Similarly, a large genetic study involving over
100,000 individuals, conducted by Emdin et al., reported a
29% reduction in IHD risk and decreased risks of peripheral
arterial disease, heart failure, and stroke with a one standard
deviation (SD) reduction in Lp(a) levels. Finally, recent Men-
delian randomization studies using genetic data provided
compelling evidence of a causal link between reducing
Lp(a) levels and lowering the risk of cardiovascular diseases,
highlighting the potential of such therapeutic approaches
for future risk reduction [11-14].

For predicting CVD risk, measuring Lp(a) plasma levels
using validated methods s sufficient, without requiring LPA
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Fig. 1. Key Structural Characteristics of Intracranial and Extracranial Arteries Intracranial arteries are muscular-type arteries that generally have thinner
medial and adventitial layers, fewer elastic medial fibers, and a thicker and denser internal elastic lamina (IEL). They lack an external elastic lamina (EEL)
and vasa vasorum and are surrounded by cerebrospinal fluid rich in nutrients. Animal studies suggest the presence of tight junctions and a specific gly-
cocalyx. Additionally, intracranial arteries are reported to exhibit enhanced antioxidant responses. CuZn-SOD refers to copper-zinc superoxide dismutase,

while Mn-SOD refers to manganese superoxide dismutase.
Source: compiled by the authors based on [16]

genotyping.Thisis supported by the findings of the Bruneck
study, where incorporating Lp(a) concentration data signifi-
cantly improved risk prediction based on the Framingham
and Reynolds risk scores, while adding information about
apo(A) isoform size did not provide additional benefits [15].

THE ROLE OF LIPOPROTEIN (A) IN CEREBRAL
ATHEROSCLEROSIS
Intracranial atherosclerosis, a leading cause of ischemic
stroke, is associated with an increased risk of recurrent
strokes and the development of dementia. Recent Euro-
pean studies have identified a much higher prevalence
of intracranial atherosclerotic lesions than previously
assumed, highlighting the potentially significant role of
intracranial atherosclerotic disease as one of the most
common causes of ischemic stroke worldwide. Even
minor stenosis of intracranial vessels (<50%) can have
clinical significance. The role of non-stenotic plaques
in ischemic stroke development underscores the need
for a deeper understanding of the mechanisms and
pathogenesis of intracranial atherosclerosis (Fig. 1) [16].
Hoff (1972) noted that there are no significant differ-
ences in the chemical and enzymatic characteristics of
plaques between intracranial and extracranial arteries
[17]. Dyslipidemia is a well-established risk factor for
coronary atherosclerosis and myocardial infarction;
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however, its role in intracranial atherosclerosis remains
insufficiently studied. High levels of low-density lipo-
protein cholesterol (LDL-C) are primarily associated
with extracranial lesions, whereas a high apo(B) to
apo(A) ratio and low apo(A) levels—the main protein
of high-density lipoproteins (HDL-C)—correlate with in-
tracranial lesions. Extracranial atherosclerosis may also
act as a risk factor for developing intracranial lesions.
Key differences between intracranial and extracranial
atherosclerosis include a later onset of disease and a
more stable plaque phenotype in intracranial arteries.
These differences may be attributed to the anatomical
features of intracranial vessels, which may also relate
to their role in regulating cerebrovascular resistance.
The progression of atherosclerosis involves stages of fat-
ty streak formation and fibrous plaque development[18].
It has been hypothesized that plaque morphology may be
more important for clinical outcomes than the degree of
stenosis. The rupture of an unstable plaque, characterized
by a large lipid core and a thin fibrous cap with signs of
inflammation, can lead to thrombus formation and isch-
emic stroke in patients with intracranial atherosclerosis.
Studies have shown that elevated serum levels of
Lp(a) are associated with a higher risk of cardiovascular
diseases (CVD) and cerebrovascular disorders [19]. High
Lp(a) levels are an independent risk factor not only for
CVD but also for atherosclerotic obliterative diseases.
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However, the findings on its impact on cerebrovascular
diseases remain inconclusive, and study data are still
contradictory [19]. Moreover, elevated Lp(a) levels are
often detected in clinical practice among patients with
acute and recurrent strokes during lipid profile analysis.

Liqun et al. (2010) found that Lp(a) levels correlate with
the severity of carotid atherosclerosis. Yubao and col-
leagues (2015) demonstrated that blood lipid levels vary
in patients with different types of atherosclerotic plaques
in intracranial arteries. However, further investigation is
required to determine how specific lipid parameters affect
the development of atherosclerotic plaques. In a study by
Haitao (2015), the development of carotid atherosclerosis
in patients with cerebral infarction was shown to correlate
with levels of triglycerides (TG) and LDL-C. These markers
were higher in patients with carotid plaques compared to
those without such plaques [19 - 21].

LARGE-SCALE POPULATION STUDIES AND
LP(A) IN ISCHEMIC STROKE RISK

A large-scale population study demonstrated that high
Lp(a) levels are correlated with an increased risk of isch-
emic stroke. A recent retrospective case-control analysis
confirmed that elevated Lp(a) levels positively correlate
with ischemic stroke risk. This study also showed that
high Lp(a) levels are an independent risk factor for
carotid atherosclerotic stenosis. Furthermore, the risk

Fig. 2. Lipoprotein (a): Structure, Genetic
Regulation, and Correction Options
Source: compiled by the authors based on [27]

of acute ischemic stroke is heightened in patients with
such stenosis if their Lp(a) levels are elevated [22].
Lp(a) levels are relatively stable and are not influenced
by factors such as sex, age, diet, smoking, lipid-altering
medications, or environmental conditions. Carotid ath-
erosclerosis correlates with Lp(a) and cholesterol levels
in patients with acute ischemic stroke. Both Lp(a) and
cholesterol serve as independent risk factors for this
type of atherosclerosis, underscoring the necessity of
developing therapies aimed at reducing Lp(a) levels [22].
The Larsson (2020) study utilized the UK Biobank co-
hort for Mendelian randomization to evaluate the causal
effect of circulating Lp(a) levels on atherosclerotic and
cerebrovascular diseases. The study included 367,586
individuals of European ancestry. The results confirmed
a moderate association between genetically predicted
Lp(a) levels and ischemic stroke risk [23]. A key advantage
of this study was its evaluation and comparison of associ-
ations between genetically determined Lp(a) levels and
atherosclerotic, cerebrovascular, thrombotic, and valvu-
lar diseases within a single European population cohort.

UNCERTAINTY IN LP(A) AND STROKE
RELATIONSHIPS

Despite consistent evidence linking Lp(a) to ischemic
heart disease (IHD), the impact of Lp(a) on ischemic
stroke prevalence has been less conclusive in previous
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observational studies. Most research focused on the
general risk of ischemic stroke, leaving the relation-
ship between Lp(a) levels and stroke subtypes poorly
explored [24]. The association of Lp(a) with cerebrovas-
cular diseases and stroke remains less clearly defined.
However, recent data from pooled Danish cohorts
confirmed that Lp(a) is a risk factor for stroke, albeit
less prominently than for coronary artery disease or
cardiovascular disease (CVD) [25].

Additionally, a large genetic analysis (N>100,000)
identified four single nucleotide polymorphisms (SNPs)
in the LPA gene associated with lower Lp(a) levels. These
SNPs correlated with a 13% reduced risk of stroke when
Lp(a) levels were reduced by one standard deviation
(SD) [26].

WHAT IS LIPOPROTEIN (A)?
Lipoprotein (a) [Lp(a)] is a modified form of low-density
lipoprotein (LDL) that acts as a genetically determined
risk factor for atherosclerosis, IHD, stroke, thrombosis,
and aortic stenosis. It comprises an LDL particle linked
to apolipoprotein (a) [apo(a)] through a disulfide bond,
forming a structure that is primarily synthesized in the
liver [39]. Lipoprotein (a) [Lp(a)] is a modified form of
low-density lipoprotein (LDL) and a genetically deter-
mined risk factor for the development of atheroscle-
rosis, ischemic heart disease (IHD), stroke, thrombosis,
and aortic stenosis [27] (Fig. 2). Structurally, Lp(a) is a
variant of LDL, where apolipoprotein (a) [apo(a)] binds
to apolipoprotein B100, forming a bond stabilized by
disulfide bridges. These molecules create structures
assembled in the membranes of hepatocytes [28].
Apo(a) is synthesized in the liver, where it binds to
apolipoprotein B100 of LDL to form Lp(a). The assembly
of Lp(a) is a two-step process: the first step is non-cova-
lent and likely occurs intracellularly, while the second
step, involving covalent bond formation, happens
extracellularly [29]. Apo(a) has a unique structure, in-
cluding looped domains stabilized by internal disulfide
bonds known as“kringles"These domains are also pres-
ent in other coagulation factors, such as plasminogen
[30]. The relationship between plasma Lp(a) levels and
apo(a) variants is inverse. Variations in the number of
kringle repeats in the apo(a) structure can explain the
variability of Lp(a) levels in populations. Individuals
with fewer kringle repeats have smaller Lp(a) particles
but higher serum concentrations, while larger apo(a)
isoforms lead to protein accumulation in cell structures.
Approximately 20% of individuals have high Lp(a)
levels exceeding 42 mg/dL, a characteristic noted in
Danish cohorts. Additionally, Lp(a) levels may vary de-
pending on racial or ethnic backgrounds, with higher
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concentrations typically observed in individuals of Af-
rican descent compared to those of European or Asian
origin [31]. The concentration of Lp(a) is predominantly
genetically requlated and linked to the LPA gene locus
on chromosome 6, which encodes apo(a). Since Lp(a)
levels are genetically determined, there are currently no
recommendations for genetic testing of the LPA gene.
Measuring Lp(a) levels in blood is considered sufficient
for evaluating the impact of genetic variants [32].

MANAGEMENT OF ELEVATED
LIPOPROTEIN(A) LEVELS: CURRENT
STRATEGIES AND FUTURE DIRECTIONS

For patients with elevated lipoprotein(a) [Lp(a)] levels,
current guidelines suggest reducing concentrations to
below 50 mg/dL, although specific therapeutic targets
remain under debate. Nicotinic acid (niacin) has demon-
strated the ability to reduce Lp(a) levels by approximately
20-30%; however, despite its favorable effects on other
lipid parameters, clinical trials have not shown a significant
reduction in cardiovascular event rates associated with its
use [33]. Statins, while foundational in the treatment of
hypercholesterolemia, exhibitinconsistent effects on Lp(a).
Some studies suggest that statins may increase Lp(a) levels,
although their benefits in reducing low-density lipoprotein
cholesterol (LDL-C) and atherosclerotic cardiovascular risk
remain undisputed. In patients with elevated Lp(a), statins
remain a cornerstone of lipid-lowering therapy primarily
for their LDL-C—lowering effect and associated reduction
in ischemic heart disease (IHD) risk. PCSK9 inhibitors have
shown promise, reducing Lp(a) levels by an average of
26% and improving cardiovascular outcomes in high-risk
populations. Nevertheless, it remains unclear whether
Lp(a) persists as an independent risk factor once LDL-C is
effectively controlled with PCSK9-targeted therapy [34].
Lipid apheresis is reserved for patients with severely ele-
vated Lp(a) refractory to pharmacotherapy. While apher-
esis can acutely reduce Lp(a) concentrations, levels often
rebound post-procedure, and its utility is limited by cost
and accessibility. Emerging therapies, particularly antisense
oligonucleotides (e.g., AKCEA-Apo(a)-LRx) and smallinter-
fering RNA (siRNA) agents (e.g., pelacarsen), are currently in
clinical development. These agents directly target apo(a)
mMRNA, leading to substantial reductions in Lp(a) levels in
early-phase trials [35]. Their long-term efficacy and safety,
particularly with respect to cardiovascular outcomes,
require validation in large-scale randomized controlled
studies. Hormonal therapies have also been explored.
While estrogen may lower Lp(a) levels, it has not been asso-
ciated with improved cardiovascular outcomes and is not
recommended due to its complex risk-benefit profile. Con-
versely, testosterone replacement therapy (TRT) has shown
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modest Lp(a)-lowering effects, but its clinical relevance in
cardiovascular prevention remains uncertain and warrants
further investigation [36]. L-carnitine supplementation has
been linked to reductions in Lp(a) levels; however, it may
paradoxically raise trimethylamine N-oxide (TMAQ), a me-
tabolite implicated in atherosclerosis development, raising
concerns about its overall cardiometabolic safety. Several
ongoing clinical trials are evaluating next-generation ther-
apies aimed at inhibiting apo(a) synthesis, with the goal of
substantially lowering Lp(a) levels and thereby attenuating
cardiovascularrisk [37]. The clinical impact of these agents
must be established in terms of both biomarker reduction
and hard outcomes such as myocardial infarction, stroke,
and cardiovascular mortality.

CONCLUSIONS

Today, cardiovascular diseases remain the main cause
of disability and mortality worldwide. Despite re-
ceiving correct therapy, a number of patients have a

residual risk that cannot be explained by classical risk
factors. Dyslipidemia is one of the risk factors for the
development of atherosclerosis, in particular coronary
atherosclerosis and myocardial infarction. It has been
proven that by measuring the level of Lp(a) in plasma,
the risk of cardiovascular diseases can be predicted.
It has been established that Lp(a) can contribute to
the development of atherosclerosis through its lipid
component, but its specific role in the development of
atherosclerosis of the carotid arteries in patients with
intracranial atherosclerosis is not well understood. A
number of studies in recent years have revealed a higher
prevalence of intracranial atherosclerotic lesions than
previously thought and, as a consequence, a significant
role of intracranial atherosclerotic disease as one of the
most common causes of ischemic stroke worldwide.
Therefore, the clinical implications of elevated Lp(a) lev-
elsin relation to carotid atherosclerosis and intracranial
sclerosis deserve further investigation, especially in the
context of stroke and vascular dementia prevention.
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