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Atherosclerotic cardiovascular disease (ASCVD) pathogenesis is fundamentally
driven by dyslipidemia, characterized by lipid metabolism disorders that facilitate
cholesterol deposition within damaged vascular endothelia. This process
culminates in atherosclerotic plague formation and coronary stenosis,
ultimately inducing myocardial ischemia. While low-density lipoprotein
cholesterol (LDL-C) remains the principal lipid determinant of ASCVD
progression, emerging evidence indicates persistent residual cardiovascular risk
despite optimal statin-mediated LDL-C control. This review aims to
systematically evaluate the contributory role of non-traditional lipid biomarkers
in ASCVD pathophysiology and clinical outcomes. Through comprehensive
analysis of current research, we examine the biological properties and
atherogenic mechanisms of non-conventional lipid particles, epidemiological
evidence linking these biomarkers with residual cardiovascular risk, and
therapeutic implications of targeting alternative lipid pathways. Particular
emphasis is placed on elucidating the pathophysiological interplay between
triglyceride-rich lipoproteins, lipoprotein(a), and oxidized phospholipids with
vascular inflammation and plaque instability. Furthermore, we critically appraise
recent clinical trial data regarding novel lipid-modifying agents and propose
future research directions to address current knowledge gaps in residual risk
management. This synthesis underscores the necessity of expanding therapeutic
strategies beyond LDL-C reduction to achieve comprehensive cardiovascular
risk mitigation.
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1 Introduction

Cardiovascular diseases (CVD) are among the leading chronic
illnesses that threaten human life and health on a global scale,
attracting significant attention from the medical community. CVD
encompasses a wide range of heart and vascular disorders, including
coronary artery disease, heart failure, arrhythmia, valvular heart
disease, and peripheral artery disease (1-4). Among these various
types of CVD, atherosclerotic cardiovascular disease (ASCVD) has
garnered particular interest due to its high morbidity and mortality
rates. According to relevant statistics in China, ASCVD has
emerged as the primary cause of death among both urban and
rural populations, with ischemic heart disease and ischemic stroke
being the predominant types (5). From a pathological perspective,
ASCVD primarily manifests as coronary artery disease,
cerebrovascular disease, and peripheral artery disease, with its
core pathogenesis closely related to the formation and
progression of atherosclerotic plaques and the subsequent
pathophysiological changes they induce. These pathological
alterations have a direct impact on patient health. For instance,
coronary artery obstruction can lead to angina or myocardial
infarction, carotid artery disease may result in ischemic stroke,
and peripheral artery disease can cause insufficient perfusion of
the (6, 7). Among the various biomarkers associated with
cardiovascular disease, low-density lipoprotein cholesterol (LDL-
C) is widely recognized as a key predictor and a primary target of
lipid-lowering therapy, as it is considered a major trigger of
atherogenesis (8-10). However, clinical studies have demonstrated
that, even with pharmacological interventions that effectively lower
LDL-C levels, a significant residual cardiovascular risk remains (11-
13). In recent years, increasing evidence has highlighted the
potential role of several nontraditional lipid components-such as
lipoprotein(a) [Lp(a)], apolipoprotein B (ApoB), non-high-density
lipoprotein cholesterol (Non-HDL-C), and remnant cholesterol
(RC)-in contributing to this residual risk (14, 15). These lipid
components, independent of LDL-C, may play a crucial role in
the development and progression of atherosclerosis, offering new
research directions and potential therapeutic targets for the
prevention and management of cardiovascular diseases.

2 The known relationship between
conventional lipids and ASCVD

The prevention and management of hypercholesterolemia have
emerged as major public health concerns, given its strong
association with an elevated risk of atherosclerotic cardiovascular
disease (ASCVD). Substantial evidence underscores the critical
role of maintaining normal cholesterol levels in both primary
and secondary prevention of ASCVD (16, 17). From a
pathophysiological perspective, elevated cholesterol levels alter the
permeability of the arterial endothelium, facilitating the infiltration
of lipid components-particularly low-density lipoprotein
cholesterol (LDL-C)—into the arterial wall (18). Upon exposure
to oxidative stress, LDL undergoes structural modifications,
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primarily through oxidative alterations of its apolipoprotein B
(ApoB) component. These oxidized LDL particles are
subsequently recognized and internalized via scavenger receptors
on macrophages, leading to their transformation into foam cells
(19-21). This process is a fundamental driver of atherosclerosis,
wherein elevated plasma LDL-C levels play a pivotal role in the
initiation, progression, and destabilization of atherosclerotic
plaques (19, 22-25). Notably, epidemiological and clinical studies
have consistently identified elevated LDL-C as one of the most
significant modifiable risk factors for ASCVD.

Conversely, high-density lipoprotein (HDL) exerts
atheroprotective effects through multiple mechanisms (26). Firstly,
HDL enhances endothelial function and preserves vascular
homeostasis by stimulating nitric oxide (NO) production and
activating endothelial nitric oxide synthase (eNOS). Secondly,
apolipoprotein A-I (ApoA-I), the principal protein constituent of
HDL, plays a key role in reverse cholesterol transport (RCT),
facilitating the efflux of cholesterol from peripheral tissues to the
liver for metabolism and excretion. This process effectively reduces
lipid accumulation within the vascular wall. Furthermore, HDL
mitigates inflammation and oxidative stress, thereby attenuating the
onset and progression of atherosclerosis. Specifically, HDL promotes
cholesterol efflux from macrophages and foam cells by regulating the
expression of ATP-binding cassette transporters A1 (ABCA1) and
G1 (ABCG1), further reinforcing its protective role (27-29).

In summary, total cholesterol (TC) and LDL-C contribute
substantially to the development and progression of atherosclerosis
through mechanisms such as arterial lipid deposition, oxidative
modification, and subsequent inflammatory responses leading to
plaque formation. In contrast, HDL-C confers protective effects via
RCT, anti-inflammatory and antioxidant properties, and endothelial
function enhancement. The dynamic interplay between these pro-
and anti-atherogenic processes serves as a fundamental regulatory
mechanism in atherosclerosis and provides a critical theoretical
foundation for targeted interventions in ASCVD prevention
and treatment.

3 The concept of non-traditional lipids
and their potential role in ASCVD

In the risk assessment of atherosclerotic cardiovascular disease
(ASCVD), non-traditional lipid markers serve as a valuable
complement to conventional lipid testing, offering a more
comprehensive perspective. These markers primarily include
apolipoprotein B (ApoB), lipoprotein(a) [Lp(a)], non-high-density
lipoprotein cholesterol (Non-HDL-C), remnant cholesterol (RC),
and non-fasting lipids. In addition, key lipid markers such as
oxidized low-density lipoprotein (oxLDL), small dense low-
density lipoprotein (sdLDL), and apolipoprotein C-III (ApoC-III)
have also garnered significant attention (30, 31).

Although clinical studies have demonstrated that therapeutic
strategies targeting low-density lipoprotein cholesterol (LDL-C) can
effectively reduce ASCVD risk, many individuals with normal or
even low LDL-C concentrations still experience ASCVD events or
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progression of atherosclerosis (11, 32, 33). This residual risk
suggests that relying solely on LDL-C levels may not provide a
comprehensive assessment of a patient’s cardiovascular risk. Non-
traditional lipid markers offer critical insights beyond conventional
lipid testing, enabling more precise identification of high-risk
populations and providing a theoretical foundation for
personalized treatment. This review systematically discusses the
major types of these non-traditional lipid markers, including Non-
HDL-C, ApoB, Lp(a), and RC, with the aim of introducing new
perspectives for ASCVD risk assessment and prevention.

4 Biological mechanisms of non-
traditional blood lipids and ASCVD

4.1 Non-HDL-C

Non-HDL-C represents the total cholesterol content in all
lipoprotein particles except HDL-C, including LDL, VLDL, VLDL
remnants, and lipoprotein(a) [Lp(a)]. These particles overlap
functionally with traditional LDL-C pathways: LDL and VLDL
remnants undergo the same ApoB-mediated receptor interactions
and oxidative modifications that characterize LDL-C-driven
atherogenesis (34, 35). Specifically, once Non-HDL-C particles
penetrate the arterial intima—via retention by proteoglycans—
they undergo oxidative modification analogous to LDL oxidation,
producing ox-LDL (34). This shared pathway links Non-HDL-C to
traditional LDL-C-mediated foam cell formation, macrophage
activation, and NF-kB-dependent inflammatory cascades (19, 22).
In addition, VLDL remnants contribute excess substrate for hepatic
very-low-density lipoprotein secretion, thereby feeding back into
LDL-C production and perpetuating the classical cholesterol-
homeostasis feedback loop that modulates LDL receptor activity
in the liver (18).

Once deposited beneath the endothelium, Non-HDL-C
components [LDL, VLDL remnants, and Lp(a)] oxidize into ox-
LDL and oxidized VLDL, both of which are recognized by
macrophage scavenger receptors. The result is foam cell
formation and secretion of proinflammatory cytokines (e.g., IL-6,
TNF-o), reinforcing traditional inflammatory pathways that link
oxidized LDL to NLRP3 inflammasome activation (19, 27). Elevated
Non-HDL-C also exacerbates endothelial dysfunction by reducing
endothelial nitric oxide synthase (eNOS) activity and stimulating
expression of adhesion molecules (VCAM-1, ICAM-1), thereby
reinforcing the classic LDL-C-endothelial interaction (26).

Moreover, Non-HDL-C promotes a prothrombotic milieu:
Oxidized remnants and Lp(a) can bind to fibrinogen, inhibiting
fibrinolysis—a mechanism also observed in LDL-C-mediated
coagulation activation (36). Platelet activation by oxidized
lipoproteins further augments thrombin generation, linking Non-
HDL-C directly to the traditional LDL-C pathways of plaque
destabilization and thrombosis (36).

Because cholesterol within LDL particles can be redistributed to
VLDL remnants under high triglyceride conditions, Non-HDL-C
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serves as an indirect marker of total atherogenic particle burden—
paralleling LDL particle number measurement (apolipoprotein B).
Consequently, Non-HDL-C more accurately reflects the combined
traditional LDL-C and VLDL-derived cholesterol load, making it
especially informative when classical LDL-C measurements
underestimate residual risk in hypertriglyceridemic patients (37).

4.2 ApoB

Apolipoprotein B (ApoB) is a critical structural protein in
atherogenic lipoproteins, with each atherogenic particle
containing exactly one ApoB molecule. The two isoforms—
ApoB48 and ApoB100—coexist, but ApoB100 [in VLDL, IDL,
LDL, and Lp(a)] accounts for ~90% of circulating ApoB, whereas
ApoB48 is confined to chylomicrons (CM) and only ~0.1% of total
ApoB (38, 39).

ApoB100-containing particles (VLDL remnants and LDL)
follow traditional LDL-C pathways once deposited in the arterial
intima: Binding to proteoglycans via ApoB100’s basic amino acid
clusters leads to retention, oxidative modification of ApoB100 lysine
residues, and generation of oxidized lipoproteins—mechanistically
identical to classic LDL oxidation (40). The resulting ox-LDL-like
particles engage scavenger receptors on monocytes and
macrophages, triggering foam cell formation and activation of
NF-kB-mediated inflammatory signaling (19). This dovetails with
the traditional pathway in which elevated LDL-C primes
macrophages to produce proinflammatory cytokines (IL-1f, IL-6,
TNF-o) and chemokines (MCP-1), thereby accelerating
atherogenesis (22).

Moreover, because VLDL remnants serve as precursors to LDL,
increased ApoB100 levels reflect augmented hepatic VLDL
production—a process regulated by SREBP-2 feedback in the
classical cholesterol synthesis pathway (18). Under conditions of
high hepatic cholesterol (traditional LDL feedback), LDL receptor
(LDLR) activity is downregulated, pushing more cholesterol-rich
VLDL into circulation. Thus, ApoB measurement integrates both
traditional cholesterol synthesis/clearance feedback and residual
VLDL-derived particle burden. Elevated ApoB amplifies the
traditional inflammatory cascade: Oxidized ApoB100 triggers
Toll-like receptor 4 (TLR4)-MyD88 signaling in macrophages,
synergizing with classical oxidized LDL-induced NLRP3
inflammasome activation (27) Figure 1.

As the inflammatory response progresses, smooth muscle cells
migrate to the intima under the influence of growth factors (PDGF,
TGEF-B), synthesize extracellular matrix proteins, and contribute to
fibrous cap formation—again mirroring traditional LDL-C-
mediated smooth muscle activation (6). In diabetes or obesity,
ApoB’s superiority over Non-HDL-C (ESC/EAS 2021) arises from
its ability to quantify particle number, which directly correlates with
the extent of these shared mechanistic pathways, whereas Non-
HDL-C only reflects cholesterol mass and may underestimate risk
when cholesterol-enriched particles carry less cholesterol per
particle (e.g., small dense LDL) (41).
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4.3 Lp(a)

Lipoprotein(a) [Lp(a)] is a unique macromolecular complex
consisting of a low-density lipoprotein (LDL) particle covalently
linked to apolipoprotein(a) [apo(a)] via disulfide bonds (42-44).
This structural composition allows Lp(a) to engage both traditional
cholesterol-driven atherogenic pathways and prothrombotic
cascades, conferring a dual pathophysiological role. The LDL
backbone of Lp(a) undergoes oxidation upon arterial deposition,
following the classical LOX-1-mediated uptake and foam cell-
driven inflammatory cascade observed in LDL-C-induced
atherogenesis (19). Simultaneously, the apo(a) component binds
with high affinity to plasminogen receptors—structurally
homologous to fibrinogen—thereby competitively inhibiting
fibrinolysis and obstructing plasmin generation. This mirrors
oxidized LDL’s upregulation of PAI-1 in endothelial cells,
reinforcing a prothrombotic phenotype common to advanced
atherosclerotic plaques (36, 45).

Genetically elevated Lp(a) thus mediates a two-pronged
mechanism: First, oxidation of its ApoB100 core produces ox-Lp
(a), which activates macrophage scavenger receptors (SR-A, CD36),
initiating foam cell formation and secretion of pro-inflammatory
cytokines (IL-1B, IL-6, TNF-ot)—a pathway converging with
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oxidized LDL-induced NLRP3 inflammasome activation (19, 27).
Second, apo(a) competitively binds fibrinogen and plasminogen,
attenuating fibrinolytic cleavage and amplifying thrombotic risk
(45). Furthermore, oxidized Lp(a) generates oxidation-specific
epitopes (OSEs) that engage Toll-like receptor 2/4 (TLR2/4),
enhancing inflammatory signaling and endothelial adhesion
molecule expression (VCAM-1, ICAM-1) (46).

Beyond promoting early lesion formation via LDL-like
oxidation and inflammation, Lp(a) also disrupts vascular
remodeling. Apo(a) displaces plasminogen from endothelial
surfaces, akin to LDL-C-induced endothelial dysfunction through
reduced eNOS phosphorylation (26). By inhibiting plasmin, Lp(a)
prolongs extracellular matrix degradation and delays fibrous cap
stabilization, a process analogous to matrix metalloproteinase
(MMP) activation in oxidized LDL-exposed smooth muscle cells
(6). This combination of early atherogenesis and late-stage plaque
destabilization underscores Lp(a)’s multifaceted contribution to
cardiovascular disease.

Taken together, these overlapping mechanisms position Lp(a)
as both an independent risk factor and a pathophysiological
amplifier of LDL-C-driven atherosclerosis and thrombosis,
highlighting its therapeutic potential as a dual-target for anti-
inflammatory and antithrombotic intervention (47-50) Figure 2.
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wall repair, thus accelerating the progression of atherosclerosis.

4.4 Residual cholesterol

Triglyceride-rich lipoproteins (TRLs)—including chylomicron
remnants and VLDL remnants—yield residual cholesterol (RC)
after partial metabolic clearance (51, 52). In contrast to classical
LDL-C which must undergo oxidative modifications (via LOX-1 or
scavenger receptors) to become foam-cell inducers, RC can exert
direct atherogenic effects without first converting into ox-LDL.
Mechanistically, RC particles penetrate the arterial intima
similarly to LDL-C, but once retained, their phospholipid core
and ApoB residues are directly recognized by macrophage
scavenger receptors, accelerating foam cell formation via a
pathway that parallels but is independent of traditional LDL-C
oxidation (19, 53).

Furthermore, RC-derived free fatty acids (FFA) and
monoacylglycerols—by-products of lipoprotein lipase (LPL)
hydrolysis—activate Toll-like receptor 4 (TLR4) on endothelial
cells, inducing NF-kB-mediated transcription of adhesion
molecules (VCAM-1, ICAM-1) and proinflammatory cytokines
(IL-1B, IL-6, TNF-a), thereby mirroring the endothelial
dysfunction seen in oxidized LDL-C-mediated eNOS uncoupling
(53-55). In this way, RC directly amplifies the same proinflammatory
circuits central to traditional LDL-driven atherogenesis.

In hypertriglyceridemic states, elevated RC levels lead to
downregulation of LDL receptor (LDLR) activity via hepatic
feedback (SREBP-2), echoing the classical mechanism by which
high intracellular cholesterol suppresses LDL-C clearance (41, 54).
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As a result, more VLDL (and thus more RC) enters circulation,
compounding both LDL-C and RC loads in the arterial wall.

RC also exerts prothrombotic effects: its remnants can bind to
fibrinogen and inhibit plasminogen activation—similar to Lp(a) and
ox-LDL—thereby reinforcing the traditional thrombotic cascade
observed in advanced atherosclerotic plaques (36, 45). RC’s synergy
with oxidized LDL-C and small dense LDL amplifies reactive oxygen
species (ROS) generation and NLRP3 inflammasome activation,
leading to more rapid plaque progression and increased risk of
rupture—mechanisms that overlap with the classical LDL-C-
induced inflammatory-thrombotic axis (26, 27, 56).

Under certain pathophysiological conditions (e.g., obesity,
insulin resistance), RC’s atherogenic potency may exceed that of
LDL-C due to its dual capacity to provoke both inflammation and
thrombosis without requiring preliminary oxidation (53) Figure 1.

5 Epidemiologic studies of the
association between nontraditional
lipids and ASCVD risk

5.1 Non-HDL-C

Non-HDL-C levels are significantly associated with the risk of
cardiovascular disease (CVD), as demonstrated by multiple studies.
Brunner et al. reported a positive correlation between elevated Non-
HDL-C concentrations and an increased incidence of CVD in both
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males and females (57). Individuals with Non-HDL-C levels
exceeding 2.6 mmol/L exhibited a substantially higher risk of
CVD compared to those with lower concentrations. Supporting
this, Wu et al. found that persistently elevated Non-HDL-C levels
further increased the risk of CVD in hypertensive patients (58).
Moreover, Hansen et al. demonstrated a strong positive association
between Non-HDL-C concentrations and all-cause mortality,
highlighting that elevated Non-HDL-C levels were linked to
increased mortality, even among individuals with well-controlled
LDL-C (59). Notably, Wu et al. identified a correlation between
elevated childhood levels of LDL-C and Non-HDL-C and the risk of
both fatal and non-fatal atherosclerotic cardiovascular disease
(ASCVD) events in adulthood (60). Importantly, Non-HDL-C
exhibited superior predictive performance compared to LDL-C in
assessing ASCVD risk, underscoring its enhanced accuracy and
clinical utility.

Given these findings, Non-HDL-C is not only a robust marker
of CVD risk but also surpasses LDL-C in predicting long-term
cardiovascular events and all-cause mortality. Consequently, Non-
HDL-C should be considered a key parameter in cardiovascular risk
assessment and cholesterol management in clinical practice.

5.2 ApoB

Apolipoprotein B (ApoB) plays a crucial role in assessing
cardiovascular disease (CVD) risk. Johannesen et al.
demonstrated in the Copenhagen General Population Study that
elevated ApoB levels were superior to low-density lipoprotein
cholesterol (LDL-C) in predicting the risk of atherosclerotic
cardiovascular disease (ASCVD) (61). ApoB levels were found to
be dose-dependently associated with an increased risk of
myocardial infarction and ASCVD. Similarly, Yun et al. showed
that while high LDL-C and low ApoB concentrations did not
significantly elevate risk, individuals with low LDL-C but high
ApoB had a higher risk of ASCVD (62). This suggests that
measuring ApoB levels may provide additional critical
information for ASCVD risk assessment, even in individuals with
normal LDL-C levels.

However, a prospective study by Su et al. found that although
high ApoB levels (without a corresponding significant increase in
LDL-C or Non-HDL-C) were associated with a higher risk of CVD,
the inclusion of ApoB in existing atherosclerotic risk scores offered
limited improvement in risk prediction, particularly in the Chinese
population (63). This highlights that, while ApoB is strongly linked
to CVD risk, its incremental predictive value may not significantly
enhance current risk assessment models. Furthermore, a cohort
study by Dong et al. identified a paradoxical finding: individuals
with ApoB levels below 0.7 g/L had a higher risk of coronary heart
disease compared to those with ApoB > 0.7 g/L (P < 0.05) (64). This
finding contradicts previous research, suggesting that lower ApoB
levels may also be associated with an increased risk of
cardiovascular disease. The underlying mechanisms warrant
further investigation. Plasma ApoB concentrations are generally
comparable across racial groups, but African Americans have
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higher levels of oxidized phospholipids per ApoB particle
compared to Whites or Hispanics, potentially indicating a greater
burden of atherogenic particles in this population (65).

In conclusion, while ApoB serves as a direct marker of
atherogenic lipoprotein particles and holds substantial potential
in cardiovascular risk assessment, its clinical application requires
further research to establish optimal thresholds and refine its
predictive accuracy.

5.3 Lp(a)

Elevated levels of lipoprotein(a) [Lp(a)] are strongly associated
with an increased risk of atherosclerotic cardiovascular disease
(ASCVD), as demonstrated by multiple studies. In the
Cardiovascular Risk Study by Raitakari et al. elevated Lp(a) levels
in adolescence were identified as an independent risk factor for
ASCVD in adulthood, highlighting the predictive value of Lp(a) for
early cardiovascular risk (66). Similarly, Patel et al. found a linear
relationship between Lp(a) levels and ASCVD risk in a cohort from
the UK Biobank, reinforcing the notion that higher Lp(a)
concentrations correspond to elevated ASCVD risk (67). This
underscores the potential of Lp(a) as a valuable marker for ASCVD
risk prediction in both primary and secondary prevention settings.

Furthermore, a retrospective cohort study by Berman et al.
confirmed that elevated Lp(a) is independently associated with the
long-term risk of major adverse cardiovascular events (MACE)
(68). However, the study also indicated that the thresholds for risk
assessment may vary between primary and secondary prevention
populations, suggesting that Lp(a)’s clinical utility should be further
evaluated within different prevention contexts. Kaiser et al. found
no significant difference in coronary artery disease severity or
plaque load between high and low Lp(a) groups (69). However,
patients with elevated Lp(a) exhibited faster progression of low-
attenuation, vulnerable plaques, which could contribute to an
increased ASCVD risk. This suggests that elevated Lp(a) may
exacerbate ASCVD risk by promoting the development and
progression of vulnerable plaques. The commonly used threshold
for elevated Lp(a) levels is 250 mg/dL or =125 nmol/L. The U.S.
National Lipid Association defines Lp(a)-related risk levels as low
(<30 mg/dL or <75 nmol/L), moderate (30-49 mg/dL or 75-124
nmol/L), and high (=50 mg/dL or 2125 nmol/L) (70).The European
Society of Cardiology and European Atherosclerosis Society define
extremely high Lp(a) levels as >180 mg/dL or 430 nmol/L, which
corresponds to the 99th percentile, and is associated with a
cardiovascular risk comparable to familial hypercholesterolemia
(41).Moreover, multiple large-scale independent studies have
identified significant racial and ethnic differences in plasma Lp(a)
concentrations and population distribution. Among all racial and
ethnic groups studied, Lp(a) levels are highest in Black individuals,
followed by South Asians, Whites, Hispanics, and East Asians.
Overall, elevated Lp(a) levels are associated with increased
cardiovascular risk across all populations (71).

In conclusion, Lp(a) likely contributes to ASCVD risk through
multiple mechanisms, including the accelerated progression of

frontiersin.org


https://doi.org/10.3389/fendo.2025.1576602
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

susceptible plaques. As such, Lp(a) should be considered an essential
adjunct in cardiovascular risk assessment, particularly for identifying
high-risk individuals in primary and secondary prevention.

5.4 Residual cholesterol

A significant association between remnant cholesterol (RC)
levels and atherosclerotic cardiovascular disease (ASCVD) risk
has been established. Yang et al. demonstrated that distinct RC
trajectories are significantly correlated with vascular endothelial
dysfunction and the progression of atherosclerosis (72). Notably, a
sustained increase in RC levels may enhance early risk identification
for cardiovascular disease (CVD), highlighting its potential role in
early risk stratification. Quispe et al. further reported that elevated
RC levels are independently associated with ASCVD risk,
irrespective of LDL-C, ApoB, and traditional risk factors,
underscoring RC as an independent risk determinant (73).

Moreover, Delialis et al. identified both linear and non-linear
associations between RC levels and the risk of major adverse
cardiovascular events (MACE), a relationship validated in both
diagnosed and undiagnosed ASCVD patients (74). This finding
underscores the predictive utility of RC in both primary and
secondary prevention. Additionally, Chen et al. observed a linear
association between RC and CVD risk, alongside a non-linear
relationship with coronary heart disease (CHD) risk (75).
Specifically, RC levels below 0.84 mmol/L were associated with stable
risk, whereas levels exceeding this threshold correlated with a marked
risk escalation, particularly among overweight or diabetic individuals.
Moreover, the strong association between RC and cardiovascular
disease has been confirmed in multi-ethnic studies (76).

RC has been recognized as a robust predictor of MACE and an
independent risk factor for ASCVD (77). However, despite its
established significance in risk assessment, optimal treatment
thresholds and effective strategies for RC reduction remain
unclear. Further research is warranted to determine the ideal RC
target levels and elucidate the underlying mechanisms mediating its
role in CVD prevention.

6 Therapeutic measures for non-
traditional lipoproteins

The primary target for managing dyslipidemia remains LDL-C,
with statins being the first-line therapy for LDL-C reduction (78).
Statins exert their effect by inhibiting 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase in the liver, thereby reducing
cholesterol synthesis. This leads to a decrease in serum levels of ApoB,
LDL-C, and triglycerides (TG), as well as an upregulation of the low-
density lipoprotein receptor (LDLR) on hepatocyte surfaces,
enhancing the uptake and clearance of circulating LDL-C.
However, residual cardiovascular risk persists in some individuals,
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even after statin therapy has successfully reduced LDL-C. Recent
advances in lipid metabolism research have led to the development of
new therapeutic agents that target non-traditional lipid parameters.
For example, drugs such as ezetimibe, angiopoietin-like protein 3
(ANGPTL3) inhibitors, and Protein Convertase Subtilisin/Kexin
Type 9(PCSK9)inhibitors have emerged as promising options for
addressing these residual lipid-related risks (79).

6.1 PCSK®9 inhibitors

PCSK9 is a protein produced by the liver, which can bind to low-
density lipoprotein receptors (LDLR) on the surface of hepatocytes,
promoting the degradation of LDLR, thereby reducing the clearance
of LDL-C. In addition, PCSK9 can also promote the synthesis and
secretion of VLDL-ApoB through multiple mechanisms, including
stabilizing ApoB100, enhancing microsomal triglyceride transfer
protein (MTP) activity, and activating the SREBP2 pathway,
facilitating the production and release of VLDL-ApoB, leading to
elevated levels of atherogenic lipoproteins in plasma (80). PCSK9
inhibitors, as novel lipid-lowering agents, primarily include two types:
monoclonal antibodies and small interfering RNA (siRNA). Studies
have shown that PCSK9 inhibitors can significantly reduce low-
density lipoprotein cholesterol (LDL-C) levels by 50%-60%, as well as
reduce lipoprotein(a) [Lp(a)] levels by 25%-30% and triglyceride
(TG) levels by 10%-20% (81). Among them, monoclonal antibody-
based PCSK9 inhibitors, such as Alirocumab, Evolocumab and
Tafolecimab., work by binding to PCSK9, thereby lowering the
concentration of PCSK9 in plasma. This reduces PCSK9-mediated
degradation of low-density lipoprotein receptors (LDLR), upregulates
LDLR expression on hepatocyte surfaces, and ultimately leads to a
significant reduction in LDL-C levels (82-84). On the other hand, a
representative siRNA-based PCSK9 inhibitor is Inclisiran. Its
mechanism of action involves binding to complementary sequences
of target messenger RNAs (mRNAs), thereby interfering with the
expression of specific genes and inhibiting their translation, which
reduces the synthesis of PCSK9 (85, 86) Figure 3. In the ORION
clinical trials, both single- and double-dose groups of Inclisiran
showed a decrease in Lp(a) levels, although the reduction did not
reach statistical significance, likely due to individual variability.
However, Inclisiran demonstrated statistically significant reductions
in non-high-density lipoprotein cholesterol (Non-HDL-C), total
cholesterol (TC), and apolipoprotein B (ApoB) levels (87-89).
Inclisiran’s unique advantage lies in its long duration of action,
requiring only two doses per year to achieve sustained and
significant reductions in LDL-C levels. Additionally, it has a
favorable safety profile, with no serious adverse events reported,
highlighting its substantial potential for clinical use. The ORION-4
trial is expected to enroll 15,000 ASCVD patients with a 5-year
follow-up to evaluate the impact of Inclisiran on major adverse
cardiovascular events; however, results are not anticipated until
around 2026.
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Mechanism of action of statins, PCSK9 inhibitors, and ANGPTL3 inhibitors. Statins competitively inhibit HMG-CoA reductase and reduce cholesterol
synthesis, thereby increasing LDL-cholesterol receptor expression, improving LDL-cholesterol uptake, and lowering serum Apo B, LDL-cholesterol,
and triglyceride levels. PCSK9 inhibitors effectively reduce LDL-C levels by lowering the plasma concentration of PCSK9 and upregulating LDL-
cholesterol receptor expression. ANGPTL3 inhibitors can alleviate the inhibitory effect of ANGPTL3 on LPL, promote fatty acid metabolism, and

reduce blood lipid levels.

6.2 Ezetimibe

Ezetimibe, a selective inhibitor of cholesterol uptake, disrupts
the function of the Niemann-Pick Cl-like 1 (NPCILI) protein,
specifically preventing the absorption of cholesterol in the small
intestine without affecting the absorption of other fat-soluble
vitamins (90-92). NPC1L1, located on the brush border of the
small intestine, plays a crucial role in the uptake of cholesterol.
Ezetimibe binds to this protein, inhibiting the transport of
cholesterol from the lumen into the intestinal epithelial cells,
thereby reducing cholesterol absorption and enhancing its
excretion Figure 4. Studies have demonstrated that combining
ezetimibe with statins significantly improves lipid profiles
compared to statin monotherapy. This combination therapy
reduced triglycerides (TG) by 12%, apolipoprotein B (ApoB) by
14%, and low-density lipoprotein cholesterol (LDL-C) by an
additional 24%, beyond the effects of statins alone (93). This
synergistic lipid-lowering effect not only enhances the efficacy of
lipid management but also offers a valuable therapeutic option for
patients who are intolerant to high-dose statins or have
contraindications to statin therapy.

6.3 ANGPTL3 inhibitors

In the regulation of lipid metabolism, the liver-specific secreted
protein ANGPTL3 inhibits triglyceride (TG) hydrolysis in
peripheral capillaries by reducing lipoprotein lipase (LPL) activity.
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Furthermore, ANGPTL3 inhibition lowers the levels of
apolipoprotein B (ApoB), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C),
highlighting its critical role in lipid metabolism (94-96).
Inhibiting ANGPTL3 significantly reduces plasma triglyceride
levels and lowers Lp(a) levels, a process mediated by pelacarsen, a
second-generation hepatocyte-targeted antisense oligonucleotide
(97-99). Currently, pelacarsen is undergoing a phase 3 clinical
trial, Lp(a) HORIZON (NCT04023552). Preliminary data indicate a
significant reduction in Lp(a) concentrations in both single-dose
and multiple-dose groups, suggesting that pelacarsen holds
considerable potential for lowering Lp(a) levels (100).

Collectively, these emerging therapies—ranging from PCSK9
inhibitors to ANGPTL3 antagonists—represent a significant
advance in lipid-lowering strategies beyond LDL-C reduction.
They demonstrate distinct mechanisms of action that target
residual lipid abnormalities and modulate inflammation and
atherogenesis more comprehensively. Such therapeutic expansion
offers renewed promise for high-risk patients who fail to reach
optimal cardiovascular outcomes with statin monotherapy alone.

However, these novel agents are not without limitations. First,
cost and accessibility remain major barriers to widespread clinical
implementation, particularly in low- and middle-income
populations. PCSK9 monoclonal antibodies and inclisiran, for
instance, require long-term administration and are currently
unaffordable in many healthcare settings. Second, long-term
safety data, especially concerning ANGPTLS3 inhibitors and Lp(a)-
targeting therapies like pelacarsen, are still under investigation and
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The mechanism of action of ezetimibe. Ezetimibe selectively reduces small intestinal cholesterol absorption by inhibiting NPC1L1 protein.

lack definitive evidence from cardiovascular outcome trials. Third,
inter-individual variability in treatment response—possibly due to
genetic, metabolic, or inflammatory backgrounds—may limit
universal efficacy. Lastly, the integration of these agents into
existing treatment algorithms remains uncertain, as optimal
sequencing, combination, or substitution strategies have yet to be
clearly defined.

Future research should therefore focus on identifying
appropriate patient subgroups through biomarker stratification,
conducting long-term outcome trials, and evaluating cost-
effectiveness across diverse healthcare systems.

7 Discussion

As secondary targets in lipid-lowering therapy, the precise
mechanisms by which non-traditional lipoproteins contribute to
atherogenic plaque formation—particularly in the context of
inflammation, thrombosis, and atherosclerosis—require further
elucidation. Advancements in detection methodologies are also
critical; the development of more cost-effective and clinically
applicable assays for non-traditional lipoproteins is imperative.
Discrepancies between direct and indirect measurement
approaches currently limit the accuracy of risk assessment,
underscoring the need for technological optimization or novel
assay platforms to enhance reliability and reproducibility. On the
therapeutic front, the identification of novel drug targets for non-
traditional lipoproteins represents a key research priority. For
instance, ANGPTL3 inhibitors have demonstrated promising
lipid-lowering potential; however, their long-term safety and
clinical efficacy warrant validation through large-scale clinical
trials. Nevertheless, significant challenges remain. First, further
evidence is required to determine whether non-traditional
lipoproteins can independently predict ASCVD risk or
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complement traditional lipoprotein-based assessments. Second,
the protracted timelines and high costs of epidemiological studies
hinder data acquisition and analysis. Additionally, the expense and
potential adverse effects of emerging therapies may limit their
widespread adoption, while the scarcity of clinical data constrains
the advancement of precision medicine in this domain.

LDL-C remains the primary therapeutic target in dyslipidemia
management and ASCVD prevention, given its well-established role
as an independent risk factor. Consequently, most lipid-lowering
therapies have been designed to reduce LDL-C levels. However,
despite achieving optimal LDL-C control, some individuals
continue to experience ASCVD events, highlighting the existence
of residual cardiovascular risk. Non-traditional lipid markers—
including Lp(a), Non-HDL-C, ApoB, ApoC-III, remnant
cholesterol (RC), small dense LDL (sdLDL), and oxidized LDL
(oxLDL)—have been strongly associated with this residual risk.
Several dyslipidemia management guidelines have already
recognized markers such as Non-HDL-C and RC as secondary
therapeutic targets to refine treatment strategies. Studies have
shown that the apo(a) domain of Lp(a) can bind covalently to
LDL particles, leading to deposition and oxidation within the
vascular intima, thereby inducing an inflammatory cascade and
promoting foam cell formation; In addition, apo(a) competitively
inhibits plasminogen activation, enhancing thrombogenic potential.
Genetic studies also support its pathogenic potential—multiple
Mendelian randomization studies suggest that, high Lp(a) levels
are causally associated with increased risk of ASCVD. Therefore, Lp
(a) serves not only as a biomarker for predicting cardiovascular risk,
but also plays a direct pathogenic role in the development of
cardiovascular disease. Overall, non-traditional lipoprotein
biomarkers such as Lp(a), ApoB, and ApoC-III, serve as
important complements in evaluating residual cardiovascular risk,
and their value in clinical risk stratification and personalized
intervention is increasingly recognized.
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In summary, while LDL-C remains central to lipid
management, the assessment of non-traditional lipoproteins offers
valuable insights into residual ASCVD risk. For example, given the
potential of Lp(a) to enhance early detection and preventive
strategies across diverse patient populations, current evidence
supports the inclusion of lipoprotein(a) screening in routine
cardiovascular risk assessment (101). However, it is important to
note that reference ranges and threshold values vary across different
racial and ethnic groups, and further studies are needed to validate
its generalizability and ethnic-specific relevance, with a greater
focus on elucidating the pathogenic mechanisms and therapeutic
potential of these biomarkers, thereby advancing comprehensive
strategies for cardiovascular disease prevention and treatment.

Author contributions

CW: Formal Analysis, Investigation, Methodology, Writing -
original draft. HF: Investigation, Methodology, Project
administration, Writing - original draft. HX: Investigation,
Methodology, Project administration, Writing — original draft. HY:
Investigation, Methodology, Project administration, Writing -
original draft. XM: Investigation, Methodology, Project
administration, Writing - original draft. WW: Investigation,
Methodology, Project administration, Writing — original draft. ZL:
Investigation, Methodology, Project administration, Writing -
original draft. DL: Investigation, Methodology, Project
administration, Supervision, Writing — original draft, Writing -
review & editing. YD: Investigation, Methodology, Project
administration, Supervision, Writing - original draft, Writing -
review & editing. JC: Investigation, Project administration,
Supervision, Writing — original draft, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported

References

1. Nedkoff L, Briffa T, Zemedikun D, Herrington S, Wright FL. Global Trends In
Atherosclerotic Cardiovascular Disease. Clin Ther. (2023) 45:1087-91. doi: 10.1016/
j.clinthera.2023.09.020

2. Woodruff RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, et al. Trends In
Cardiovascular Disease Mortality Rates And Excess Deaths, 2010-2022. Am ] Of Prev
Med. (2024) 66:582-9. doi: 10.1016/j.amepre.2023.11.009

3. Wang H, Zhang H, Zou Z. Changing Profiles Of Cardiovascular Disease And Risk
Factors In China: A Secondary Analysis For The Global Burden Of Disease Study 2019.
Chin Med ]. (2023) 136:2431-41. doi: 10.1097/CM9.0000000000002741

4. Center for Cardiovascular Diseases the Writing Committee of the Report on
Cardiovascular H and Diseases in China N. Report on cardiovascular health and
diseases in China 2023: an updated summary. Biomed Environ Sci: BES. (2024) 37:949-
92. doi: 10.3967/bes2024.162

5. LiJJ, Zhao SP, Zhao D, Lu GP, Peng DQ, Liu J, et al. China Guidelines For Lipid
Management. | Of Geriatric Cardiol: Jgc. (2023) 20:621-63. doi: 10.26599/1671-
5411.2023.09.008

Frontiers in Endocrinology

10

10.3389/fendo.2025.1576602

by Hubei Provincial Natural Science Foundation (2022CFB453),
Foundation of Health Commission of Hubei (WJ2021M061),
Natural Science Foundation of the Bureau of Science and
Technology of Shiyan City (grant no. 21Y71), Faculty
Development Grants from Hubei University of Medicine
(2018QDJZR04), Hubei Key Laboratory of Wudang Local
Chinese Medicine Research (Hubei University of Medicine)
(Grant No. WDCM2024020), and Advantages Discipline Group
(Medicine) Project in Higher Education of Hubei Province (2021-
2025) (Grant No. 2025XKQT41).

Acknowledgments

The use of images from the Reactome Pathway Database is
acknowledged for the schematic illustrations in this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

6. Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology Of Cardiovascular
Disease In China: Current Features And Implications. Nat Rev Cardiol. (2019) 16:203—
12. doi: 10.1038/s41569-018-0119-4

7. Makover ME, Shapiro MD, Toth PP. There Is Urgent Need To Treat
Atherosclerotic Cardiovascular Disease Risk Earlier, More Intensively, And With
Greater Precision: A Review Of Current Practice And Recommendations For
Improved Effectiveness. Am J Of Prev Cardiol. (2022) 12:100371. doi: 10.1016/
j.ajpc.2022.100371

8. Von Eckardstein A, Binder CJ. Prevention And Treatment Of Atherosclerosis:
Improving State-Of-The-Art Management And Search For Novel Targets. Cham (Ch:
Springer Copyright (2022).

9. Soppert J, Lehrke M, Marx N, Laufs U, Rader DJ. Lipoproteins And Lipids In
Cardiovascular Disease: From Mechanistic Insights To Therapeutic Targeting.
Advanced Drug Deliv Rev. (2020) 159:4-33. doi: 10.1016/j.addr.2020.07.019

10. Jang AY, Lim S, Jo SH, Han SH, Koh KK. New Trends In Dyslipidemia Treatment.
Circ J: Of ] Of Japanese Circ Soc. (2021) 85:759-68. doi: 10.1253/circj.CJ-20-1037

frontiersin.org


https://doi.org/10.1016/j.clinthera.2023.09.020
https://doi.org/10.1016/j.clinthera.2023.09.020
https://doi.org/10.1016/j.amepre.2023.11.009
https://doi.org/10.1097/CM9.0000000000002741
https://doi.org/10.3967/bes2024.162
https://doi.org/10.26599/1671-5411.2023.09.008
https://doi.org/10.26599/1671-5411.2023.09.008
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1016/j.ajpc.2022.100371
https://doi.org/10.1016/j.ajpc.2022.100371
https://doi.org/10.1016/j.addr.2020.07.019
https://doi.org/10.1253/circj.CJ-20-1037
https://doi.org/10.3389/fendo.2025.1576602
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

11. Fonseca L, Paredes S, Ramos H, Oliveira JC, Palma I. Apolipoprotein B And
Non-High-Density Lipoprotein Cholesterol Reveal A High Atherogenicity In
Individuals With Type 2 Diabetes And Controlled Low-Density Lipoprotein-
Cholesterol. Lipids Health Dis. (2020) 19:127. doi: 10.1186/s12944-020-01292-w

12. Garcia-Moll X. Residual Lipidic Risk And Atherosclerosis: Not That Residual.
Eur J Of Prev Cardiol. (2024) 31:1249-50. doi: 10.1093/eurjpc/zwael 34

13. Blaha M]J, Bhatia HS. Lipoprotein(A), Residual Cardiovascular Risk, And The
Search For Targeted Therapy. ] Of Am Coll Of Cardiol. (2024) 83:1540-2. doi: 10.1016/
jjacc.2024.03.370

14. Luo Y, Peng D. Residual Atherosclerotic Cardiovascular Disease Risk: Focus On
Non-High-Density Lipoprotein Cholesterol. ] Of Cardiovasc Pharmacol Ther. (2023)
28:10742484231189597. doi: 10.1177/10742484231189597

15. Shaya GE, Leucker TM, Jones SR, Martin SS, Toth PP. Coronary Heart Disease
Risk: Low-Density Lipoprotein And Beyond. Trends Cardiovasc Med. (2022) 32:181-
94. doi: 10.1016/j.tcm.2021.04.002

16. Cho L. A Practical Approach To The Cholesterol Guidelines And Ascvd
Prevention. Cleveland Clin ] Of Med. (2020) 87:15-20. doi: 10.3949/ccjm.87.51.02

17. Short L, La VT, Patel M, Pai RG. Primary And Secondary Prevention Of Cad: A
Review. Int ] Of Angiol. (2022) 31:16-26. doi: 10.1055/s-0041-1729925

18. Feingold KR. Guidelines For The Management Of High Blood Cholesterol
Endotext. South Dartmouth (Ma: Mdtext.Com, Inc (2000).

19. Ferhatbegovic L, Mrgic D, Kugljugic S, Pojskic B. Ldl-C: The Only Causal Risk
Factor For Ascvd. Why Is It Still Overlooked And Underestimated? Curr Atheroscl Rep.
(2022) 24:635-42. doi: 10.1007/s11883-022-01037-3

20. Kianmehr A, Qujeq D, Bagheri A, Mahrooz A. Oxidized Ldl-Regulated
Micrornas For Evaluating Vascular Endothelial Function: Molecular Mechanisms
And Potential Biomarker Roles In Atherosclerosis. Crit Rev Clin Lab Sci. (2022)
59:40-53. doi: 10.1080/10408363.2021.1974334

21. Khatana C, Saini NK, Chakrabarti S, Saini V, Sharma A, Saini RV, et al. Mechanistic
Insights Into The Oxidized Low-Density Lipoprotein-Induced Atherosclerosis. Oxid Med
Cell Longevity. (2020) 2020:5245308. doi: 10.1155/2020/5245308

22. Figorilli F, Mannarino MR, Sahebkar A, Pirro M. Lipid Profile Screening And
Ascvd Prevention. Expert Rev Of Cardiovasc Ther. (2023) 21:463-71. doi: 10.1080/
14779072.2023.2218087

23. Mhaimeed O, Burney ZA, Schott SL, Kohli P, Marvel FA, Martin SS, et al. The
Importance Of Ldl-C Lowering In Atherosclerotic Cardiovascular Disease Prevention:
Lower For Longer Is Better. Am J Of Prev Cardiol. (2024) 18:100649. doi: 10.1016/
j.2jpc.2024.100649

24. Li Y, Tang X, Gu Y, Zhou G. Adipocyte-Derived Extracellular Vesicles: Small
Vesicles With Big Impact. Front Biosci (Landmark Ed). (2023) 28:149. doi: 10.31083/
j.fb12807149

25. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al.
Low-Density Lipoproteins Cause Atherosclerotic Cardiovascular Disease. 1. Evidence
From Genetic, Epidemiologic, And Clinical Studies. A Consensus Statement From The
European Atherosclerosis Society Consensus Panel. Eur Heart J. (2017) 38:2459-72.
doi: 10.1093/eurheartj/ehx144

26. Pownall HJ, Rosales C, Gillard BK, Gotto Jr AM. High-Density Lipoproteins,
Reverse Cholesterol Transport And Atherogenesis. Nat Rev Cardiol. (2021) 18:712-23.
doi: 10.1038/s41569-021-00538-z

27. Cui H, Du Q. Hdl And Ascvd. Adv
doi: 10.1007/978-981-19-1592-5_8

28. Schoch L, Alcover S, Padro T, Ben-Aicha S, Mendieta G, Badimon L, et al.
Update Of Hdl In Atherosclerotic Cardiovascular Disease. Clin E Investigacion En
Arteriosclerosis: Publicacion Official La Sociedad Espanola Arterioscler. (2023) 35:297—
314. doi: 10.1016/j.arteri.2023.10.002

29. Ben-Aicha S, Badimon L, Vilahur G. Advances In Hdl: Much More Than Lipid
Transporters. Int ] Of Mol Sci. (2020) 21. doi: 10.3390/ijms21030732

30. Specialist Committee on Laboratory Medicine of Chinese Association of
Integrative Medicine. Chinese expert consensus on non-traditional blood lipid
parameters to control the risks of arteriosclerotic cardiovascular disease. Chin | Prev
Med. (2022) 56:405-21. doi: 10.3760/cma.j.cn112150-20211130-01106

31. Liu HH, Li JJ. The Clinical Significance Of Non-Traditional Lipid Parameters
Should Be Concerned. Zhonghua Yi Xue Za Zhi. (2021) 101:3190-4. doi: 10.3760/
cma.j.cn112137-20210316-00653

32. Zheng WC, Chan W, Dart A, Shaw JA. Novel Therapeutic Targets And
Emerging Treatments For Atherosclerotic Cardiovascular Disease. Eur Heart ]
Cardiovasc Pharmacother. (2024) 10:53-67. doi: 10.1093/ehjcvp/pvad074

33. Crea F. Residual Lipidic Risk Beyond Low-Density Lipoprotein Cholesterol: New
Challenges And Opportunities. Eur Heart J. (2023) 44:3935-8. doi: 10.1093/eurheartj/ehad671

34. Boren J, Chapman M]J, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, et al.
Low-Density Lipoproteins Cause Atherosclerotic Cardiovascular Disease:
Pathophysiological, Genetic, And Therapeutic Insights: A Consensus Statement
From The European Atherosclerosis Society Consensus Panel. Eur Heart J. (2020)
41:2313-30. doi: 10.1093/eurheartj/ehz962

Exp Med Biol. (2022) 1377:109-18.

35. Jebari-Benslaiman S, Galicia-Garcia U, Larrea-Sebal A, Rekondo Olaetxea J,
Alloza I, Vandenbroeck K, et al. Pathophysiology Of Atherosclerosis. Int ] Of Mol Sci.
(2022) 23. doi: 10.3390/ijms23063346

Frontiers in Endocrinology

11

10.3389/fendo.2025.1576602

36. Likozar AR, Sebestjen M. Predictors Of Functional And Morphological Arterial
Wall Properties In Coronary Artery Disease Patients With Increased Lipoprotein (A)
Levels Before And After Treatment With Proprotein Convertase Subtilisin-Kexin Type
9 Inhibitors. Cardiovasc Ultrasound. (2023) 21:15. doi: 10.1186/s12947-023-00313-9

37. Brea A, Hernandez-Mijares A, Millan J, Ascaso JF, Blasco M, Diaz A, et al. Non-Hdl
Cholesterol As A Therapeutic Goal. Clin E Investigacion En Arteriosclerosis: Publicacion
Official La Sociedad Espanola Arterioscler. (2019) 31 Suppl 2:28-33. doi: 10.1016/
j.arteri.2019.07.002

38. Galimberti F, Casula M, Olmastroni E. Apolipoprotein B Compared With Low-
Density Lipoprotein Cholesterol In The Atherosclerotic Cardiovascular Diseases Risk
Assessment. Pharmacol Res. (2023) 195:106873. doi: 10.1016/j.phrs.2023.106873

39. Gianazza E, Zoanni B, Mallia A, Brioschi M, Colombo GI, Banfi C. Proteomic
Studies On Apob-Containing Lipoprotein In Cardiovascular Research: A
Comprehensive Review. Mass Spectrometry Rev. (2023) 42:1397-423. doi: 10.1002/
mas.21747

40. Boren J, Olin K, Lee I, Chait A, Wight TN, Innerarity TL. Identification Of The
Principal Proteoglycan-Binding Site In Ldl. A Single-Point Mutation In Apo-B100
Severely Affects Proteoglycan Interaction Without Affecting Ldl Receptor Binding. J Of
Clin Invest. (1998) 101:2658-64. doi: 10.1172/JCI2265

41. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al.
2019 Esc/Eas Guidelines For The Management Of Dyslipidaemias: Lipid Modification
To Reduce Cardiovascular Risk. Eur Heart J. (2020) 41:111-88. doi: 10.1093/eurheartj/
ehz455

42. Vinci P, Di Girolamo FG, Panizon E, Tosoni LM, Cerrato C, Pellicori F, et al.
Lipoprotein(A) As A Risk Factor For Cardiovascular Diseases: Pathophysiology And
Treatment Perspectives. Int ] Of Environ Res Public Health. (2023) 20. doi: 10.3390/
ijerph20186721

43. Wu MF, Xu KZ, Guo YG, Yu J, Wu Y, Lin LM. Lipoprotein(A) And
Atherosclerotic Cardiovascular Disease: Current Understanding And Future
Perspectives. Cardiovasc Drugs Ther. (2019) 33:739-48. doi: 10.1007/s10557-019-
06906-9

44. Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron SP, Kamstrup PR,
etal. Lipoprotein(A): A Genetically Determined, Causal, And Prevalent Risk Factor For
Atherosclerotic Cardiovascular Disease: A Scientific Statement From The American
Heart Association. Arteriosclerosis Thrombosis Vasc Biol. (2022) 42:E48-60.
doi: 10.1161/ATV.0000000000000147

45. Spence JD, Koschinsky M. Mechanisms Of Lipoprotein(A) Pathogenicity:
Prothrombotic, Proatherosclerotic, Or Both? Arteriosclerosis Thrombosis Vasc Biol.
(2012) 32:1550-1. doi: 10.1161/ATVBAHA.112.251306

46. Hussain Z, Igbal J, Liu H, Zhou HD. Exploring The Role Of Lipoprotein(A) In
Cardiovascular Diseases And Diabetes In Chinese Population. Int ] Of Biol Macromol.
(2023) 233:123586. doi: 10.1016/j.ijbiomac.2023.123586

47. Lampsas S, Xenou M, Oikonomou E, Pantelidis P, Lysandrou A, Sarantos S, et al.
Lipoprotein(A) In Atherosclerotic Diseases: From Pathophysiology To Diagnosis And
Treatment. Mol (Basel Switzerland). (2023) 28. doi: 10.3390/molecules28030969

48. Duarte Lau F, Giugliano RP. Lipoprotein(A) And Its Significance In
Cardiovascular Disease: A Review. JAMA Cardiol. (2022) 7:760-9. doi: 10.1001/
jamacardio.2022.0987

49. Tsioulos G, Kounatidis D, Vallianou NG, Strategakou M, Dalamaga G.
Lipoprotein(A) And Atherosclerotic Cardiovascular Disease: Where Do We Stand?
Int ] Of Mol Sci. (2024) 25. doi: 10.3390/ijms25063537

50. Boffa MB, Koschinsky ML. Lipoprotein(A) And Cardiovascular Disease.
Biochem ]. (2024) 481:1277-96. doi: 10.1042/BCJ20240037

51. Packard CJ. Remnants, Ldl, And The Quantification Of Lipoprotein-Associated
Risk In Atherosclerotic Cardiovascular Disease. Curr Atheroscl Rep. (2022) 24:133-42.
doi: 10.1007/s11883-022-00994-z

52. Wang Z, Li M, Xie J, Gong J, Liu N. Association Between Remnant Cholesterol
And Arterial Stiffness: A Secondary Analysis Based On A Cross-Sectional Study. J Of
Clin Hypertension (Greenwich Conn). (2022) 24:26-37. doi: 10.1111/jch.14384

53. Ginsberg HN, Packard CJ], Chapman M]J, Boren ], Aguilar-Salinas CA, Averna
M, et al. Triglyceride-Rich Lipoproteins And Their Remnants: Metabolic Insights, Role
In Atherosclerotic Cardiovascular Disease, And Emerging Therapeutic Strategies-A
Consensus Statement From The European Atherosclerosis Society. Eur Heart J. (2021)
42:4791-806. doi: 10.1093/eurheartj/ehab551

54. Duran EK, Pradhan AD. Triglyceride-Rich Lipoprotein Remnants And
Cardiovascular Disease. Clin Chem. (2021) 67:183-96. doi: 10.1093/clinchem/hvaa296

55. Castafnier O, Pinto X, Subirana I, Amor AJ, Ros E, Hernaez A, et al. Remnant
Cholesterol, Not Ldl Cholesterol, Is Associated With Incident Cardiovascular Disease. |
Of Am Coll Of Cardiol. (2020) 76:2712-24. doi: 10.1016/j.jacc.2020.10.008

56. Doi T, Langsted A, Nordestgaard BG. Dual Elevated Remnant Cholesterol And C-
Reactive Protein In Myocardial Infarction, Atherosclerotic Cardiovascular Disease, And
Mortality. Atherosclerosis. (2023) 379:117141. doi: 10.1016/j.atherosclerosis.2023.05.010

57. Brunner FJ, Waldeyer C, Ojeda F, Salomaa V, Kee F, Sans S, et al. Application Of
Non-Hdl Cholesterol For Population-Based Cardiovascular Risk Stratification: Results
From The Multinational Cardiovascular Risk Consortium. Lancet (London England).
(2019) 394:2173-83. doi: 10.1016/S0140-6736(19)32519-X

58. Wu W, Chen Y, Wu K, Zheng H, Chen G, Wang X, et al. Accumulated Exposure
To High Non-High-Density Lipoprotein Cholesterol Increases The Risk Of

frontiersin.org


https://doi.org/10.1186/s12944-020-01292-w
https://doi.org/10.1093/eurjpc/zwae134
https://doi.org/10.1016/j.jacc.2024.03.370
https://doi.org/10.1016/j.jacc.2024.03.370
https://doi.org/10.1177/10742484231189597
https://doi.org/10.1016/j.tcm.2021.04.002
https://doi.org/10.3949/ccjm.87.s1.02
https://doi.org/10.1055/s-0041-1729925
https://doi.org/10.1007/s11883-022-01037-3
https://doi.org/10.1080/10408363.2021.1974334
https://doi.org/10.1155/2020/5245308
https://doi.org/10.1080/14779072.2023.2218087
https://doi.org/10.1080/14779072.2023.2218087
https://doi.org/10.1016/j.ajpc.2024.100649
https://doi.org/10.1016/j.ajpc.2024.100649
https://doi.org/10.31083/j.fbl2807149
https://doi.org/10.31083/j.fbl2807149
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1038/s41569-021-00538-z
https://doi.org/10.1007/978-981-19-1592-5_8
https://doi.org/10.1016/j.arteri.2023.10.002
https://doi.org/10.3390/ijms21030732
https://doi.org/10.3760/cma.j.cn112150-20211130-01106
https://doi.org/10.3760/cma.j.cn112137-20210316-00653
https://doi.org/10.3760/cma.j.cn112137-20210316-00653
https://doi.org/10.1093/ehjcvp/pvad074
https://doi.org/10.1093/eurheartj/ehad671
https://doi.org/10.1093/eurheartj/ehz962
https://doi.org/10.3390/ijms23063346
https://doi.org/10.1186/s12947-023-00313-9
https://doi.org/10.1016/j.arteri.2019.07.002
https://doi.org/10.1016/j.arteri.2019.07.002
https://doi.org/10.1016/j.phrs.2023.106873
https://doi.org/10.1002/mas.21747
https://doi.org/10.1002/mas.21747
https://doi.org/10.1172/JCI2265
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.3390/ijerph20186721
https://doi.org/10.3390/ijerph20186721
https://doi.org/10.1007/s10557-019-06906-9
https://doi.org/10.1007/s10557-019-06906-9
https://doi.org/10.1161/ATV.0000000000000147
https://doi.org/10.1161/ATVBAHA.112.251306
https://doi.org/10.1016/j.ijbiomac.2023.123586
https://doi.org/10.3390/molecules28030969
https://doi.org/10.1001/jamacardio.2022.0987
https://doi.org/10.1001/jamacardio.2022.0987
https://doi.org/10.3390/ijms25063537
https://doi.org/10.1042/BCJ20240037
https://doi.org/10.1007/s11883-022-00994-z
https://doi.org/10.1111/jch.14384
https://doi.org/10.1093/eurheartj/ehab551
https://doi.org/10.1093/clinchem/hvaa296
https://doi.org/10.1016/j.jacc.2020.10.008
https://doi.org/10.1016/j.atherosclerosis.2023.05.010
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.3389/fendo.2025.1576602
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://Mdtext.Com

Wang et al.

Cardiovascular Diseases In Hypertensive Individuals: An 11-Year Prospective Cohort
Study. Clin Exp Hypertension (New York Ny: 1993). (2023) 45:2264540. doi: 10.1080/
10641963.2023.2264540

59. Hansen MK, Mortensen MB, Warnakula Olesen KK, Thrane PG, Maeng M.
Non-Hdl Cholesterol And Residual Risk Of Cardiovascular Events In Patients With
Ischemic Heart Disease And Well-Controlled Ldl Cholesterol: A Cohort Study. Lancet
Regional Health Europe. (2024) 36:100774. doi: 10.1016/j.lanepe.2023.100774

60. Wu F, Juonala M, Jacobs DR Jr., Daniels SR, Kihonen M, Woo ]G, et al.
Childhood Non-Hdl Cholesterol And Ldl Cholesterol And Adult Atherosclerotic
Cardiovascular Events. Circulation. (2024) 149:217-26. doi: 10.1161/
CIRCULATIONAHA.123.064296

61. Johannesen CDL, Langsted A, Nordestgaard BG, Mortensen MB. Excess
Apolipoprotein B And Cardiovascular Risk In Women And Men. ] Of Am Coll Of
Cardiol. (2024) 83:2262-73. doi: 10.1016/j.jacc.2024.03.423

62. Yun SY, Rim JH, Kang H, Lee SG, Lim JB. Associations Of Ldl Cholesterol, Non-
Hdl Cholesterol, And Apolipoprotein B With Cardiovascular Disease Occurrence In
Adults: Korean Genome And Epidemiology Study. Ann Of Lab Med. (2023) 43:237-43.
doi: 10.3343/alm.2023.43.3.237

63. Su X, Wang M, Zuo Y, Wen J, Zhai Q, Zhang Y, et al. Apolipoprotein Particle
And Cardiovascular Risk Prediction (From A Prospective Cohort Study). Am ] Of
Cardiol. (2023) 201:34-41. doi: 10.1016/j.amjcard.2023.05.052

64. DongJ, Yang S, Zhuang Q, Sun J, Wei P, Zhao X, et al. The Associations Of Lipid
Profiles With Cardiovascular Diseases And Death In A 10-Year Prospective Cohort
Study. Front Cardiovasc Med. (2021) 8:745539. doi: 10.3389/fcvm.2021.745539

65. Behbodikhah ], Ahmed S, Elyasi A, Kasselman LJ, De Leon J, Glass AD, et al.
Apolipoprotein B And Cardiovascular Disease: Biomarker And Potential Therapeutic
Target. Metabolites. (2021) 11:690. doi: 10.3390/metabo11100690

66. Raitakari O, Kartiosuo N, Pahkala K, Hutri-Kahonen N, Bazzano LA, Chen W,
et al. Lipoprotein(A) In Youth And Prediction Of Major Cardiovascular Outcomes In
Adulthood. Circulation. (2023) 147:23-31. doi: 10.1161/CIRCULATIONAHA.
122.060667

67. Patel AP, Wang M, Pirruccello JP, Ellinor PT, Ng K, Kathiresan S, et al. Lp(A)
(Lipoprotein[A]) Concentrations And Incident Atherosclerotic Cardiovascular
Disease: New Insights From A Large National Biobank. Arteriosclerosis Thrombosis
Vasc Biol. (2021) 41:465-74. doi: 10.1161/ATVBAHA.120.315291

68. Berman AN, Biery DW, Besser SA, Singh A, Shiyovich A, Weber BN, et al.
Lipoprotein(A) And Major Adverse Cardiovascular Events In Patients With Or
Without Baseline Atherosclerotic Cardiovascular Disease. ] Of Am Coll Of Cardiol.
(2024) 83:873-86. doi: 10.1016/j.jacc.2023.12.031

69. Kaiser Y, Daghem M, Tzolos E, Meah MN, Doris MK, Moss AJ, et al. Association
Of Lipoprotein(A) With Atherosclerotic Plaque Progression. ] Of Am Coll Of Cardiol.
(2022) 79:223-33. doi: 10.1016/j.jacc.2021.10.044

70. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al.
2018 Aha/Acc/Aacvpr/Aapa/Abc/Acpm/Ada/Ags/Apha/Aspc/Nla/Pena Guideline On
The Management Of Blood Cholesterol: A Report Of The American College Of
Cardiology/American Heart Association Task Force On Clinical Practice Guidelines.
Circulation. (2019) 139:E1082-E143. doi: 10.1161/CIR.0000000000000625

71. Mehta A, Jain V, Saeed A, Saseen JJ, Gulati M, Ballantyne CM, et al. Lipoprotein
(A) And Ethnicities. Atherosclerosis. (2022) 349:42-52. doi: 10.1016/j.atherosclerosis.
2022.04.005

72. Yang P-T, Tang L, Yang S-Q, Shi Q-L, Wang Y-Q, Qin Y-X, et al. Remnant
Cholesterol Trajectory And Subclinical Arteriosclerosis: A 10-Year Longitudinal Study
Of Chinese Adults. Sci Rep. (2024) 14:9037. doi: 10.1038/5s41598-024-59173-6

73. Quispe R, Martin SS, Michos ED, Lamba I, Blumenthal RS, Saeed A, et al.
Remnant Cholesterol Predicts Cardiovascular Disease Beyond Ldl And Apob: A
Primary Prevention Study. Eur Heart J. (2021) 42:4324-32. doi: 10.1093/eurheartj/
ehab432

74. Delialis D, Georgiopoulos G, Aivalioti E, Konstantaki C, Oikonomou E,
Bampatsias D, et al. Remnant Cholesterol In Atherosclerotic Cardiovascular Disease:
A Systematic Review And Meta-Analysis. Hellenic ] Of Cardiol: Hjc Hellenike Kardiol
Epitheorese. (2023) 74:48-57. doi: 10.1016/j.hjc.2023.04.007

75. Chen Y, Li G, Guo X, Ouyang N, Li Z, Ye N, et al. The Effects Of Calculated
Remnant-Like Particle Cholesterol On Incident Cardiovascular Disease: Insights From
A General Chinese Population. J Of Clin Med. (2021) 10:3388. doi: 10.3390/
jem10153388

76. Doi T, Langsted A, Nordestgaard BG. Remnant Cholesterol: Should It Be A Target For
Prevention Of Ascvd? Curr Atheroscl Rep. (2025) 27:44. doi: 10.1007/s11883-025-01288-w

77. Gao S, Xu H, Ma W, Yuan J, Yu M. Remnant Cholesterol Predicts Risk Of
Cardiovascular Events In Patients With Myocardial Infarction With Nonobstructive
Coronary Arteries. ] Of Am Heart Assoc. (2022) 11:E024366. doi: 10.1161/
JAHA.121.024366

78. Zeng L, Ye Z, Li Y, Zhou Y, Shi Q, Hu T, et al. Different Lipid Parameters In
Predicting Clinical Outcomes In Chinese Statin-Naive Patients After Coronary Stent
Implantation. Front Cardiovasc Med. (2021) 8:638663. doi: 10.3389/fcvm.2021.638663

Frontiers in Endocrinology

12

10.3389/fendo.2025.1576602

79. Mach F, Visseren FLJ, Cater NB, Salhi N, Soronen J, Ray KK, et al. Addressing
Residual Risk Beyond Statin Therapy: New Targets In The Management Of
Dyslipidaemias-A Report From The European Society Of Cardiology Cardiovascular
Round Xxx. J Of Clin Lipidol. (2024) 18:E685-700. doi: 10.1016/j.jacl.2024.07.001

80. Hummelgaard S, Vilstrup JP, Gustafsen C, Glerup S, Weyer K. Targeting Pcsk9
To Tackle Cardiovascular Disease. Pharmacol Ther. (2023) 249:108480. doi: 10.1016/
j.pharmthera.2023.108480

81. Warden BA, Fazio S, Shapiro MD. The Pcsk9 Revolution: Current Status,
Controversies, And Future Directions. Trends Cardiovasc Med. (2020) 30:179-85.
doi: 10.1016/j.tcm.2019.05.007

82. Khoshnejad M, Patel A, Wojtak K, Kudchodkar SB, Humeau L, Lyssenko NN,
et al. Development Of Novel Dna-Encoded Pcsk9 Monoclonal Antibodies As Lipid-
Lowering Therapeutics. Mol Ther: ] Of Am Soc Of Gene Ther. (2019) 27:188-99.
doi: 10.1016/j.ymthe.2018.10.016

83. Grzesk G, Dorota B, Wolowiec I, Wolowiec A, Osiak J, Kozakiewicz M, et al.
Safety Of Pcsk9 Inhibitors. Biomed Pharmacother. (2022) 156:113957. doi: 10.1016/
j-biopha.2022.113957

84. Agnello F, Mauro MS, Rochira C, Landolina D, Finocchiaro S, Greco A, et al.
Pcsk9 Inhibitors: Current Status And Emerging Frontiers In Lipid Control. Expert Rev
Of Cardiovasc Ther. (2024) 22:41-58. doi: 10.1080/14779072.2023.2288169

85. Lamb YN. Inclisiran: First Approval. Drugs. (2021) 81:389-95. doi: 10.1007/
540265-021-01473-6

86. Frampton JE. Inclisiran: A Review In Hypercholesterolemia. Am ] Of Cardiovasc
Drugs: Drugs Devices Other Interventions. (2023) 23:219-30. doi: 10.1007/s40256-023-
00568-7

87. Katsiki N, Vrablik M, Banach M, Gouni-Berthold I. Inclisiran, Low-Density
Lipoprotein Cholesterol And Lipoprotein (A). Pharm (Basel Switzerland). (2023)
16:577. doi: 10.3390/ph16040577

88. Zhang Y, Chen H, Hong L, Wang H, Li B, Zhang M, et al. Inclisiran: A New
Generation Of Lipid-Lowering Sirna Therapeutic. Front Pharmacol. (2023)
14:1260921. doi: 10.3389/fphar.2023.1260921

89. Dyrbus K, Gasior M, Penson P, Ray KK, Banach M. Inclisiran-New Hope In The
Management Of Lipid Disorders? J Of Clin Lipidol. (2020) 14:16-27. doi: 10.1016/
jjacl.2019.11.001

90. Lamb YN. Rosuvastatin/Ezetimibe: A Review In Hypercholesterolemia. Am J Of
Cardiovasc Drugs: Drugs Devices Other Interventions. (2020) 20:381-92. doi: 10.1007/
540256-020-00421-1

91. Gunta SP, O’keefe JH, O’keefe EL, Lavie CJ. Pcsk9 Inhibitor, Ezetimibe, And
Bempedoic Acid: Evidence-Based Therapies For Statin-Intolerant Patients. Prog
Cardiovasc Dis. (2023) 79:12-8. doi: 10.1016/j.pcad.2023.02.007

92. Rocha LP, Cabral LM, Pinto EC, de Sousa VP. Ezetimibe: A Review Of Analytical
Methods For The Drug Substance, Pharmaceutical Formulations And Biological
Matrices. Crit Rev Analytical Chem. (2022) 52:1078-93. doi: 10.1080/
10408347.2020.1857222

93. Michaeli DT, Michaeli JC, Albers S, Boch T, Michaeli T. Established And
Emerging Lipid-Lowering Drugs For Primary And Secondary Cardiovascular
Prevention. Am ] Of Cardiovasc Drugs: Drugs Devices Other Interventions. (2023)
23:477-95. doi: 10.1007/s40256-023-00594-5

94. Chen PY, Gao WY, Liou JW, Lin CY, Wu MJ, Yen JH. Angiopoietin-Like Protein
3 (Angptl3) Modulates Lipoprotein Metabolism And Dyslipidemia. Int J Of Mol Sci.
(2021) 22:7310. doi: 10.3390/ijms22147310

95. Mohamed F, Mansfield BS, Raal FJ. Angptl3 As A Drug Target In
Hyperlipidemia And Atherosclerosis. Curr Atheroscl Rep. (2022) 24:959-67.
doi: 10.1007/s11883-022-01071-1

96. Chan DC, Watts GF. Inhibition Of The Angptl3/8 Complex For The Prevention
And Treatment Of Atherosclerotic Cardiovascular Disease. Curr Atheroscl Rep. (2024)
27:6. doi: 10.1007/s11883-024-01254-y

97. Hardy J, Niman S, Goldfaden RF, Ashchi M, Bisharat M, Huston J, et al. A
Review Of The Clinical Pharmacology Of Pelacarsen: A Lipoprotein(A)-Lowering
Agent. Am J Of Cardiovasc Drugs: Drugs Devices Other Interventions. (2022) 22:47-54.
doi: 10.1007/s40256-021-00499-1

98. Kosmas CE, Bousvarou MD, Papakonstantinou EJ, Tsamoulis D, Koulopoulos
A, Echavarria Uceta R, et al. Novel Pharmacological Therapies For The Management
Of Hyperlipoproteinemia(A). Int J Of Mol Sci. (2023) 24:13622. doi: 10.3390/
ijms241713622

99. Jain P. Traditional And Novel Non-Statin Lipid-Lowering Drugs. Indian Heart J.
(2024) 76 Suppl 1:538-43. doi: 10.1016/1.ihj.2023.11.003

100. Yeang C, Karwatowska-Prokopczuk E, Su F, Dinh B, Xia S, Witztum JL, et al.
Effect Of Pelacarsen On Lipoprotein(A) Cholesterol And Corrected Low-Density
Lipoprotein Cholesterol. ] Of Am Coll Of Cardiol. (2022) 79:1035-46. doi: 10.1016/
jjacc.2021.12.032

101. Clair V, Zirille FM, Gill E. Rethinking Cardiovascular Risk: The Emerging Role
Of Lipoprotein(A) Screening. Am ] Of Prev Cardiol. (2025) 21:100945. doi: 10.1016/
j.ajpc.2025.100945

frontiersin.org


https://doi.org/10.1080/10641963.2023.2264540
https://doi.org/10.1080/10641963.2023.2264540
https://doi.org/10.1016/j.lanepe.2023.100774
https://doi.org/10.1161/CIRCULATIONAHA.123.064296
https://doi.org/10.1161/CIRCULATIONAHA.123.064296
https://doi.org/10.1016/j.jacc.2024.03.423
https://doi.org/10.3343/alm.2023.43.3.237
https://doi.org/10.1016/j.amjcard.2023.05.052
https://doi.org/10.3389/fcvm.2021.745539
https://doi.org/10.3390/metabo11100690
https://doi.org/10.1161/CIRCULATIONAHA.122.060667
https://doi.org/10.1161/CIRCULATIONAHA.122.060667
https://doi.org/10.1161/ATVBAHA.120.315291
https://doi.org/10.1016/j.jacc.2023.12.031
https://doi.org/10.1016/j.jacc.2021.10.044
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1016/j.atherosclerosis.2022.04.005
https://doi.org/10.1016/j.atherosclerosis.2022.04.005
https://doi.org/10.1038/s41598-024-59173-6
https://doi.org/10.1093/eurheartj/ehab432
https://doi.org/10.1093/eurheartj/ehab432
https://doi.org/10.1016/j.hjc.2023.04.007
https://doi.org/10.3390/jcm10153388
https://doi.org/10.3390/jcm10153388
https://doi.org/10.1007/s11883-025-01288-w
https://doi.org/10.1161/JAHA.121.024366
https://doi.org/10.1161/JAHA.121.024366
https://doi.org/10.3389/fcvm.2021.638663
https://doi.org/10.1016/j.jacl.2024.07.001
https://doi.org/10.1016/j.pharmthera.2023.108480
https://doi.org/10.1016/j.pharmthera.2023.108480
https://doi.org/10.1016/j.tcm.2019.05.007
https://doi.org/10.1016/j.ymthe.2018.10.016
https://doi.org/10.1016/j.biopha.2022.113957
https://doi.org/10.1016/j.biopha.2022.113957
https://doi.org/10.1080/14779072.2023.2288169
https://doi.org/10.1007/s40265-021-01473-6
https://doi.org/10.1007/s40265-021-01473-6
https://doi.org/10.1007/s40256-023-00568-7
https://doi.org/10.1007/s40256-023-00568-7
https://doi.org/10.3390/ph16040577
https://doi.org/10.3389/fphar.2023.1260921
https://doi.org/10.1016/j.jacl.2019.11.001
https://doi.org/10.1016/j.jacl.2019.11.001
https://doi.org/10.1007/s40256-020-00421-1
https://doi.org/10.1007/s40256-020-00421-1
https://doi.org/10.1016/j.pcad.2023.02.007
https://doi.org/10.1080/10408347.2020.1857222
https://doi.org/10.1080/10408347.2020.1857222
https://doi.org/10.1007/s40256-023-00594-5
https://doi.org/10.3390/ijms22147310
https://doi.org/10.1007/s11883-022-01071-1
https://doi.org/10.1007/s11883-024-01254-y
https://doi.org/10.1007/s40256-021-00499-1
https://doi.org/10.3390/ijms241713622
https://doi.org/10.3390/ijms241713622
https://doi.org/10.1016/j.ihj.2023.11.003
https://doi.org/10.1016/j.jacc.2021.12.032
https://doi.org/10.1016/j.jacc.2021.12.032
https://doi.org/10.1016/j.ajpc.2025.100945
https://doi.org/10.1016/j.ajpc.2025.100945
https://doi.org/10.3389/fendo.2025.1576602
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Non-traditional lipid biomarkers in atherosclerotic cardiovascular disease: pathophysiological mechanisms and strategies to address residual risk
	1 Introduction
	2 The known relationship between conventional lipids and ASCVD
	3 The concept of non-traditional lipids and their potential role in ASCVD
	4 Biological mechanisms of non-traditional blood lipids and ASCVD
	4.1 Non-HDL-C
	4.2 ApoB
	4.3 Lp(a)
	4.4 Residual cholesterol

	5 Epidemiologic studies of the association between nontraditional lipids and ASCVD risk
	5.1 Non-HDL-C
	5.2 ApoB
	5.3 Lp(a)
	5.4 Residual cholesterol

	6 Therapeutic measures for non-traditional lipoproteins
	6.1 PCSK9 inhibitors
	6.2 Ezetimibe
	6.3 ANGPTL3 inhibitors

	7 Discussion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


