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Abstract

Lipidology as super-specialty is evolving both in terms of risk prediction but also to uncover the hidden mysteries within humans suffering from 
atherosclerotic cardiovascular disease (ASCVD) associated complication with apparently similar LDL concentration and particle size. Over decades 
since LDL discovery in 1950, the science has covered miles to allow us to learn more about the villainous nature of LDL lipoprotein i.e., ApoB, size wise 
fractions of LDL particles especially the small dense and large buoyant LDL types and oxidized LDLs. However, the recent evidence suggest exploring 
the morphology of LDLp within plaques suggest the varying concentration of sphingolipids to phosphatidylcholine in LDL-aggregates. This discovery 
has allowed newer insights into the pathophysiological mechanisms leading to plaque instability and rupture though an accelerated atherosclerotic 
mechanistic phenomena. This newer development will also allow us to segregate individuals with similar LDL phenotypes in terms of concentration 
and particle size to end up with ASCVD related complications. This brief communication discusses briefly discusses the recent LDL-plaque relationship 
and highlights new lipid biomarkers to further allow personalized segregation of cardiovascular disease (CVD) risk. 
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1.	 Introduction

While cholesterol was acknowledged as one of the components 
being present in the blood from 16th century onwards, it was Oncley 
et al in 1950 who isolated the beta globulin from fraction-III by 
means of ultracentrifugation. [1] Since then it was realized that the 
increasing LDL lipoprotein concentration emerged strongly as a risk 
for various atherosclerotic cardiovascular diseases (ASCVD) and was 
thus included as a primary prevention target parameter. [2] Though 
multiple studies have highlighted LDL lipoprotein concentration 
as the culprit, but later research further dissected LDL fractions to 
identify particle size to be more related with ASCVD. [3] Down the 
line researchers were able to segregate LDL particles between two 
broad categories including small dense LDL particles (sdLDc) and 
large buoyant LDL particles (lbLDLc), where the former category 
is associated with more atherogenicity and ASCVD. [4] Guidelines 
followed the initial research and quickly adopted the concept of 
particle size and some labs even marketed the LDL-particle size as 
of now. [5] The traditional concept of LDL cholesterol concentration 
measurements is still, however in vogue across the world and evolved 
from calculation based methods to directly measuring techniques 
which have improved at least the precision of LDL measurement. [6] 
Form the point of view developing and under developed economies 
the strategy still remains the most cost-effective, well-understood in 
terms of data interpretation and feasibility in terms of instrument 
availability. While the reliance on conventional lipid profile data 
currently seem to be the logical option for many set ups across the 

globe still, there are gaps with this “LDL concentration approach” 
to predict ASCVD risk. [7] LDL Lipoprotein structure has more to 
offer, than just the cholesterol content as the origin from VLDL to 
movement within circulation and with dumping down physiologically 
through LDL receptors into liver and pathologically into vasculature 
is highly variable between subjects. [8] Data suggest simple LDL 
concentration measures does not provide optimal appraisal of ASCVD 
in many subjects. Ramasamy et al in his very recent publication has 
clearly highlighted the limitations in lipid measurement technologies 
to highlight the need to develop biomarkers to better predict cardio 
vascular disease (CVD) risk. [7] Lawler et al using Nuclear Magnetic 
Resonance (NMR) Spectroscopy evaluated different fractions of LDL 
particles and concluded that small LDL particle was associated with 
CVD risk.[9] Finally literature at least now clearly acknowledges the 
LDL sub-fractions to be differently linked with ASCVD, and the whole 
lipoprotein risk evaluation using traditional lipid markers are poorly 
equated with future CVD prediction. [10]

2.	 Emerging biomarkers in Lipidology

a.	 Small dense LDL-cholesterol (sdLDLc)
The initial search comes in through discovery of LDL-
fractions where an initial broader categorization was made as 
to segregate LDL particles into two categories i.e., sdLDLc and 
large buoyant LDL cholesterol (lbLDLc). sdLDLc in current 
research has been considered as risk for CVD. [11] However, 
lbLDLc were not considered atherogenic which clearly 
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challenges the use of LDLc in clinics for identifying ASCVD 
risk.

b.	 ApoB measurements 
Alongside the protein components within lipoprotein also 
entered clinical market as ApoA as surrogate for HDLc and 
ApoB for LDLc. The Insulin Resistance Atherosclerosis 
Study (IRAS) have graded ApoB measurements to be more 
predicative than LDLc.[12] However, research shows ApoB 
not to provide any additional information than conventional 
LDLc. [13,14]

c.	 Lipoprotein associated phospholipase A2 (Lp-LPA2) 
This enzyme is found mainly in LDLc where it helps contributes 
to atherosclerosis but confers some anti-atherogenic 
advantages to HDLc as well. Lp-PLA(2) studies collaboration 
group have identified a strong association of enzyme activity 
and mass with various ASCVD adverse outcomes like stroke, 
heart diseases and hypertension. Similarly, Anderson J et al 
have demonstrated Lp-LPA2 as an independent risk factor 
for predicting coronary artery disease (CAD). [16] Though 
appealing in terms of its role to cleave oxidized phospholipids 
and acting as a chemo-attractant to bring inflammatory 
proteins and cells to unstable plaque, still large trials like 
JUPITER and HPS have not found additional benefit of its 
utilization for both primary and secondary prevention of 
ASCVD than conventional LDLc. [17,18] Another issues 
haunting Lp-PLA(2) is the measurement variability due to 
assay formats, which stands mandatory before its clinical use 
in routine. [19] So it seems that Lp-PLA(2) use in clinical 
arena is bound to face delays or may never be used due to 
incoming better markers. 

d.	 LDL Particles 
Over the last 2 decades LDL particles have been found to 
have multiple sizes, where the literature has identified varying 
atherogenic potential for LDL-sub particles. Gourgari et al 
have identified in a study LDL-particle size to be higher in 
polycystic ovarian syndrome subjects (PCOS) in comparison 
to controls which was related with markers of inflammation 
and insulin resistance. [20] Similarly others have highlighted 
LDL particles to be more related with ASCVD. [3] However, 
the contrasting evidence highlighted in the Multi-Ethnic 
Study of Atherosclerosis(MESA) observed slightly greater 
benefit by using LDLp/HDLp ratio but identified this risk 
prediction for coronary heart disease (CHD) to get attenuated 
after adjustment of standard lipid variables. [21]

e.	 Oxidized LDL 
For some time researchers did thrive on the concept of 
LDL concentration and particle size, but emerging evidence 
from kinetic studies identified various post-translational 
modifications like oxidative changes. [22, 23] These oxidized 
LDL (oxLDLc) are considered to result in certain “damage 
associated molecular patterns” (DAMP), which are later 

to result in vascular inflammation. [22] So oxLDLc within 
vessel walls can act as new LDL biomarkers; however, no 
standardized lipid lowering therapy is yet available to prevent 
this oxidative damage in LDL.[23]

f.	 LDL-aggregates
Within vessel wall it has been demonstrated that LDL particles 
aggregate. [24] These aggregates of LDL particles within 
arterial walls are quite atherogenic and can cause changes like 
conversion of macrophages into foam cells and accumulation 
within smooth muscles to cause accelerated atherosclerosis 
and plaque formation by the enzyme sphingomyelinase 
(SMase). [24, 23] LDL-aggregates, though not in correlation 
with conventional lipid and inflammatory markers but still 
have been observed to change with lifestyle modifications, 
use of PCSK9 inhibitors and other treatment modalities. 
These LDL-aggregates are distinguished by the fact that 
they have increase sphingolipids to phospatidylcholine ratio, 
which accelerates the process of atherosclerosis and in turn 
predispose plaques to rupture.Therefore, LDL-aggregates may 
emerge as powerful diagnostic and monitoring tool in future. 
[23–25]

3.	 Futuristic incorporation in lipid clinic care path-
ways

While current clinical market poses both economic issues and 
lack of quality research, still visibility is now here that conventional 
lipid markers are not able to predict ASCVD in multiple cases and the 
need is ever appreciated for advance lipid biomarkers to address both 
personalized medicine and health economics. The below mentioned 
algorithm is meant for a dedicated lipid clinic where an individualized 
diagnosis of lipid pathology could be diagnosed to avoid pan-medical 
trials and to provide specific interventional approached to reduce 
ASCVD risk for the patients and genetic solutions for the family 
members. 

This data, albeit discussed recently in literature replies to the 
critical question raised in the clinics that “why ASCVD prevalence did 
not correspond with LDL concentration and particle size?” Deeper 
insight intoLDLp interaction within plaque, ratio of sphingolipid 
/ phosphatidylcholine as prevails within LDLp and the activity 
of sphingomyelinase (SMase) all finally converge towards plaque 
progression, rupture and thus the acute consequences resulting from 
the ASCVD. It is anticipated that SMase activity and genetic alterations 
in LDL aggregation will probably follow these phenotypic changes 
to clarify the mutations and polymorphisms underlying the varying 
development of plaques and onward ASCVD risk among individuals. 

4.	 Closing remarks 

Incorporation overtime to address one of the crucial villains to 
cause ASCVD would require additional biomarker arsenal to allow 
meaningful data to segregate risk prediction among individuals 
with similarities baseline LDL phenotypes i.e., Aggregation-prone 
LDLp and Aggregation-resistant LDLp. In this regard advanced lipid 
clinics can extend help to incorporate LDL particle measurements, 
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phenotyping of LDL classes, functional assays to asses to learn LDL 
aggregation and oxidized LDL types. Molecular diagnostics can also 
be added to specifically diagnose the underlying genetic pathology. 
A one-time assessment can help predict risk for ASCVD related 
morbidity and mortality along with avoiding people with unnecessary 
lifelong medication, concerns and as a very powerful primary 
prevention tool. Perhaps larger tertiary care set ups in country should 
develop tools and arsenals to perform advanced lipid testing within 
dedicated lipid clinics to address the multifactorial pathogenesis of 

ASCVD to address the pushing needs to “personalized medicine”, 
cost-effective care provision and finally to segregate .patients who 
need lipid lowering treatment or otherwise. 
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Figure 1. The process of LDLp entry into carotid intima, to changeswithin the plaque resulting in plaque instability and onward rupture.
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Figure 2. Evolution LDL biomarkers for predicting adverse ASCVD consequences
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