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Abstract

Cardiovascular disease remains the leading cause of mortality globally, with a notable increase in prevalence from 271 million in 1990 to 523 million
in 2019. In the U.S,, CVD resulted in 931,578 deaths in 2021, with related expenses reaching $422.3 billion in 2020. Central to CVD pathology is
Low-Density Lipoprotein (LDL), which is implicated in the development of atherosclerosis, a major cause of stroke and ischemic heart disease.
Despite widespread use of LDL-focused lipid-lowering therapies, recent studies have revealed inconsistencies in the association between LDL
levels and cardiovascular mortality. This review examines the limitations of traditional LDL measurement and explores alternative predictors
for cardiovascular risk. The historical context of LDL research underscores its role in atherogenesis, while advancements in lipoprotein analysis
have introduced new metrics such as LDL particle number, apolipoprotein B100, and LDL particle size and number. These newer parameters have
potential in offering more precise risk assessments compared to traditional LDL cholesterol measurements. LDL particle number and Apo-B100
have emerged as indicators of cardiovascular events and mortality. Additionally, small dense LDL and the LDL-C/ApoB ratio have been identified as
promising tools for predicting cardiovascular risk. This review highlights that quantifying LDL cholesterol to evaluating LDL quality and its various
subtypes may be needed for clinicians to help diagnose and treat cardiovascular disease.

Keywords: Low density lipoprotein, LDL, LDL quality, LDL quantity, LDL particle number, LDL size

Introduction

Cardiovascular Disease (CVD) continues to be the leading cause
of death in most countries, with the global prevalence of cardiac pa-
tients rising substantially from 271 million in 1990 to 523 million
in 2019, representing an almost twofold increase [1]. For over a de-
cade, CVD has been the leading cause of death in the United States
(US), causing 931,578 deaths in 2021 alone and the combined ex-
penses for managing and treating CVD in the US in 2020 amounted
to $422.3 billion or about $1,300 per person [2]. CVD, particularly
Ischemic Heart Disease (IHD) and stroke are the leading causes of
mortality and morbidity worldwide, with the formation of athero-
sclerotic plaque being the primary cause of stroke and ischemic
heart disease [3]. Low-Density Lipoprotein (LDL) is widely recog-
nized as the causal factor in the development of atherosclerosis [4].
Alloubani, et al. in their systematic review, observed a consistent

positive association between LDL cholesterol levels and the oc-
currence of coronary heart disease, as evidenced by most obser-
vational studies conducted in various populations [5]. Research
has demonstrated that an elevated level of LDL cholesterol signifi-
cantly increases the risk of stroke and myocardial infarction even
in the 70-100-year age group [6]. In this context, all heart disease
guidelines advocate the use of lipid-lowering medications with
the primary objective of reducing LDL levels, and this reduction is
considered a critical goal in the treatment and prevention of both
stroke and cardiovascular disease [7,8]. “The American College of
Cardiology and the American Heart Association recommend check-
ing the lipid profile in stable patients receiving lipid-lowering drugs
every four to twelve months, depending on the patient’s status [9].
Additionally, the guidelines recommend increasing the frequency
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of lipid profile testing to every 6 to 12 weeks when initiating or
modifying lipid-lowering drug therapy [9]. A standard lipid profile
includes total cholesterol, LDL cholesterol, high-density lipopro-
tein cholesterol (HDL-C), and triglycerides [10]. LDL is the prima-
ry focus of lipid management due to its detrimental effect on the
mortality and morbidity of cardiovascular disease and stroke [11].
The widespread use of lipid-lowering drugs, particularly statins,
has significantly reduced LDL cholesterol levels, sometimes even to
below 30 mg/dL [12]. Studies have demonstrated that achieving a
very low level of LDL (<30 mg/dL) is beneficial in reducing cardio-
vascular risk [13-15].

Although physicians aim to lower LDL, low LDL is found to be
independently associated with increasing all-cause mortality and
non-CVD mortality rates in critically ill patients [16]. Despite the
prevailing view that LDL is the primary etiological agent for CVD,
A Systematic Review and Meta-analysis show that comprehensive
approaches targeting the reduction of LDL levels have not consis-
tently established a proportional risk reduction in mortality due to
CVD [17]. A meta-analysis including twenty-one studies found no
conclusive association between lowering LDL-C levels and lowering
CVD-related mortality risk [18].

The conflicting and inconsistent results from several studies
have prompted scientists and researchers to consider factors be-
yond the quantity of LDL. In addition to a focus on quantity of LDL,
scientists and clinicians are exploring better parameters to predict
CVD risk and mortality. The composition of LDL, including its size,
shape, protein content, and particle number, is gaining attention
from scientists. This context underscores the growing necessity for
a comprehensive understanding of current research findings re-
garding LDL and explaining the inconsistency of these findings. The
objective of this review is to provide an overview of the most recent
research on LDL, focusing on the constraints and inconsistencies
associated with using LDL as a predictor of CVD and exploring the
potential of alternative predictors that could better serve in pre-
dicting cardiovascular disease risk and mortality.

Previous LDL Research

The study of lipids in humans began in 1769 when Frangois
Poulletier de la Salle identified solid cholesterol in gallstones. Cho-
lesterol was identified as a specific compound in 1815 by French
chemist Michel Eugene Chevreul. In 1910, the German chemist
Adolf Windaus discovered that human atherosclerotic plaques
contained cholesterol reporting that the cholesterol content in ath-
erosclerotic plaques of diseased human aortas was 25 times higher
than that of normal aortas. This established the first link between
illness and LDL. The Lipid Hypothesis is a medical theory that pos-
tulates a link between blood cholesterol levels and the occurrence
of CVD. In 1913, Russian pathologist Nikolay Anichkov conducted a
study reporting that rabbits who were fed on a high-cholesterol diet
developed lesions in their arteries similar to atherosclerosis. This
finding suggested a role for cholesterol in atherogenesis, the pro-
cess of forming atheroma or plaques in the inner lining of arteries.

In 1929, Michel Machebeuf, working at the Pasteur Institute in
Paris, suggested that circulating lipids existed in complexes with
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proteins. This was the first indication of the existence of lipopro-
teins. In 1955, John Gorman, a physician from the University of Cal-
ifornia, made a significant contribution to the field of lipidology by
being the first to separate blood lipoproteins from blood plasma
into Low-Density Lipoprotein (LDL) and High-Density Lipoprotein
(HDL) [19]. And has been remembered as the father of clinical lipi-
dology [20]. In 1972, researchers set out to unravel a human genet-
ic disease called Familial Hypercholesterolemia (FH). In patients
with FH, the concentration of cholesterol in the blood is elevated
many times above normal, and heart attacks can occur early in life.
The pioneering research on FH, a genetic disorder characterized
by high cholesterol levels and premature cardiac events, was ini-
tiated by Joseph L Goldstein and Michael S Brown [21]. Expanding
upon this research, it is worth noting that in 1973, Goldstein and
Brown achieved a significant breakthrough by identifying the LDL
receptor. This finding later served as the foundation for the effect
of statins in lowering LDL levels. Finally, Gofman, et al. (1954) first
described the association between elevated LDL levels and heart
disease [21,22].

In 1981, a significant discovery was made by Alfred Alberts and
his team. They demonstrated that statins augment the activity of
LDL receptors in vivo. They discovered a fungal HMG CoA reductase
inhibitor known as mevinolin, later renamed Mevacor or Lovasta-
tin, because of their research. Researchers demonstrated that this
compound enhances the activity of LDL receptors while simulta-
neously reducing plasma LDL levels [23]. In 1987, the first statin
group of drugs was approved for human use. The Scandinavian
Simvastatin Survival Study (4S) was the first large-scale clinical tri-
al that demonstrated the benefits of statins in reducing the risk of
heart attack and death in patients with coronary heart disease. The
study was published in The Lancet in November 1994 [24].

Origin of LDL

The end product of fat digestion is free fatty acids and mono-
acylglycerols. These molecules reorganize in the intestinal cells to
form triglycerides. Triglycerides (TG), along with cholesterol ester
and vitamins, undergo chylomicron conversion, with triglycerides
remaining the primary component, making up three-fourths of
the chylomicron [25]. Lipid metabolism results in the formation of
several lipoproteins with varied densities, including Low-Density
Lipoproteins (LDL). Transporting, binding, and converting chy-
lomicrons are crucial for this process [26]. The lymphatic system
transports chylomicrons from the intestinal cells into the blood-
stream?absorption, and re-esterification of fatty acids and mono-
acylglycerols in intestinal enterocytes, triglycerides are packaged
into lipoprotein particles (chylomicrons. During their transit in
the bloodstream, they release free fatty acids and transform into
chylomicron remnants®absorption, and re-esterification of fatty
acids and monoacylglycerols in intestinal enterocytes, triglycerides
are packaged into lipoprotein particles (chylomicrons. Liver cells
internalize these remnants, facilitating the binding of triglycerides
through the action of microsomal Triglyceride Transfer Protein
(MTP) [26]. This process results in the formation of very Low-Den-
sity Lipoprotein (VLDL) [26].
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The enzyme lipoprotein lipase then converts VLDL into Inter-
mediate-Density Lipoprotein (IDL) [27]. The enzyme lipoprotein
lipase further converts IDL into LDL, most of which binds to LDL
receptors in the liver [28]. This step is critical because it determines
the cholesterol content delivered to peripheral tissues, which is a
key factor in the development of atherosclerosis if dysregulated
[28].

Composition of LDL

LDL is a heterogeneous compound composed of various mol-
ecules, including proteins and phospholipids?. Recent research
suggests that the composition and content of LDL play a significant
role in determining the risk of Cardio Vascular Disease (CVD) and
mortality [30].

The nomenclature “low-density lipoprotein” is derived from its
relatively low density, ranging from 1.019 to 1.063 g/mL, when com-
pared to other lipoproteins, and LDL molecules, typically around 22
nm in diameter, are of varying size, shape, and composition [31].
LDL consists of TGs, Cholesteryl Ester (CE), proteins, and phospho-
lipids, with the LDL molecule containing approximately 170 TG and
1600 CE at its center [32]. The outer surface of LDL contains 700
phospholipids, and each LDL molecule has one Apolipoprotein-B
100 (APO-B 100), which is one of the largest proteins in humans
[32]. Almost 600 molecules of unesterified cholesterol are present
in LDL; the majority of them (i.e., two-thirds) are found on the pe-
riphery of LDL, whereas the remainder (i.e., one-third) is found in
the center [33]. Phospholipids, which also make up LDL, primarily
include Phosphatidyl Choline (PC) and Sphingo Myelin (SM), with
LDL consisting of 450 PC molecules and 185 SM molecules [33].

LDL Functions

Cholesterol is vital for human physiology as it is used to build
the structure of cell membranes, makes hormones like estrogen,
testosterone, and adrenal hormones, enables human metabolism to
work efficiently, produces Vitamin D, and produces bile acids, which
help the body digest fat and absorb important nutrients [34]. LDL
serves as the principal carrier for delivering cholesterol to enhance
various cellular functions. LDL transports about two-thirds of the
endogenous cholesterol from the liver to the periphery inclusive
of organs and tissues that contain LDL receptors, allowing them to
recognize APO-B100 of LDL molecules. These organs and tissues
include the testes, adrenal glands, SMC, and adipose tissues [35].

Role of LDL in Atherosclerosis

Atherosclerosis is the process by which various lipids and other
chemicals accumulate within the large and medium arterial walls,
leading to plaque development that ultimately causes arterial nar-
rowing and reduced blood flow to the intended organ [36]. The ini-
tiation of atherosclerosis is triggered by arterial injury, which can
be caused by factors such as inflammation, dyslipidemia, hypergly-
cemia, smoking, and hypertension [36]. LDL is a major causal factor
for developing atherosclerosis, starting with the deposition of LDL
in the tunica intima, the inner layer of the artery, which can stimu-
late both innate and acquired immunity-mediated inflammatory re-
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sponses [37]. Inflammatory cells release enzymes that modify LDL
molecules, which then activate macrophages to initiate immune cell
infiltration through chemical mediators, leading to the phagocyto-
sis of more LDL by macrophages and the formation of foam cells,
which are prone to necrosis and apoptosis [38]. The core of ath-
erosclerotic plaque is composed of foam cells and Smooth Muscle
Cells (SMC), which undergo apoptosis and necrosis processes. Over
time, the plaque undergoes a process of increased rigidity and sub-
sequently may rupture [39].

LDL Subclasses and Measurement

The heterogeneity of LDL molecules was initially observed
during the 1940s and 1950s [29]. Since these initial observations,
a variety of analytical techniques have been employed to distin-
guish between different types of LDL, including ultracentrifugation,
Gradient Gel Electrophoresis (GGE), Nuclear Magnetic Resonance
(NMR), Vertical Auto Profile (VAP), Fast Protein Liquid Chroma-
tography (FPLC), clinical chemistry methods, ion mobility analysis,
and others [40]. In the context of correlating LDL subclasses with
diseases, it is crucial to acknowledge that the density parameters
of each LDL subclass may demonstrate slight discrepancies across
various studies conducted for LDL subclass identification and this
variability should be taken into account in such analyses [41].

Ultracentrifugation can classify LDL into four distinct subclass-
es, denoted as LDL-I (density 1.025-1.034 g/mL), LDL-II (LDL Ila
and LDLIIb) (density 1.034-1.044 g/mL), LDL-III (LDL IIla and LDL
[11b) (density 1.044-1.060 g/mL), and LDL-IV (LDL Iva and LDL IVb)
(density >1.060 g/mL) [42]. The differentiation of these subclasses
is determined by their diameter and density with progression from
I-IV based decreasing diameter and increasing density [43]. Large
LDL, often known as LDL I, has the greatest diameter and the least
density and consequently, LDLIV, also known as extremely small
LDL, possesses the smallest size and highest density [43].

Gradient Gel Electrophoresis (GGE), a method frequently used
to separate LDL subclasses, effectively divides LDL into four dis-
tinct subclasses: LDL 1 (26.0-28.5 nm), LDL II (25.5-26.4 nm), LDL
[T (24.2-25.5 nm), and LDL IV (22.0-24.1 nm) [42]. Nuclear Reso-
nance imaging (NMR) provides classified LDL based on the combi-
nation of their size as well as lipid mass [43]. NMR also categorizes
LDL into three groups and the benefit of using NMR is the variation
of results from NMR analysis vary less than 1% across the lab and
thus it is reproducible [44].

Measurement of LDL-C

Standard lipid tests are designed to measure the amount of
Low-Density Lipoprotein Cholesterol LDL-C in the bloodstream
[45]. These tests typically provide values for triglyceride levels, to-
tal cholesterol, and HDL-C. Historically, the Friedewald equation,
which is LDL-C = Total Cholesterol - HDL-C - (Triglycerides/5), was
the accepted method for calculating LDL-C levels [45]. However,
this equation has certain limitations as it tends not to provide accu-
rate results when triglyceride levels are high or when LDL-C levels
are low [46].
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To address these issues, researchers at Johns Hopkins Universi-
ty developed a more precise method for calculating LDL-C, known
as the Martin/Hopkins equation [47]. This equation calculates
LDL-C using the formula: LDL-C = Total Cholesterol - HDL-C - (Tri-
glycerides/Adjustable Factor) [47]. The adjustable factor in this
equation varies based on the patient’s non-HDL-C and triglyceride
levels, allowing for a more accurate estimation of LDL-C, especially
in cases where LDL-C is low, and triglycerides are high [47]. Today,
the Martin/Hopkins equation is widely recognized and used for cal-
culating LDL-C due to its improved accuracy [48].

Does the Quantity of LDL Confer its Role as a
Risk Factor?

The Framingham study was the first to report the association
between LDL and CVD [49]. Subsequent studies have consistently
found an inverse relationship between LDL (low-density lipopro-
tein) levels and the risk of heart disease. The management and re-
duction of LDL levels have emerged as a recommended approach
by several organizations to mitigate the risk of CVD [18]. Numerous
drugs have been discovered and approved for human use to lower
lipid levels [4]. The fasting lipid profile test has become an essential

Table 1: Contradictory Evidence on LDL’s Impact on Mortality.
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component in the assessment of individuals with CV [9]. The link
between LDL and CVD has been firmly established in the scientific
and medical community from that time until the present day [30].
However, in recent years, emerging studies suggest that traditional
LDL measurement factors such as particle size, density, and particle
number may be better predictors of CVD than the traditional focus
on LDL measurement [50-52].

In their analysis of 27,316 hospitalized individuals, Li, et al.
[16] reported a J-shaped association between LDL and all-cause
mortality, with low LDL levels being associated with an increased
risk for both all-cause mortality and non-cardiovascular mortality.
However, there was no significant association between low LDL and
cardiovascular mortality but interestingly, when low LDL was com-
bined with low HDL (high-density lipoprotein), the risk increased
for all-cause mortality, cardiovascular mortality, and non-cardio-
vascular mortality [16]. Cheng, et al. [53] conducted an observa-
tional study using a sample size of 724 patients hospitalized with
acute myocardial infarction and the investigation revealed a signif-
icant association between decreased levels of LDL-C and increased
mortality rates within 30 days of hospitalization (Table 1).

Author, Journal, Year

Description of the study

Findings

After 3 years, patients with admission LDL < 105
mg/dL had higher all-cause mortality compared

Mouaz H Al-Mallah, et al., [54] Cardiology Jour-
nal., 2009.

A retrospective cohort study analyzed 517
patients.

to those with LDL > 105 mg/dL (14.8% vs. 7.1%,
p = 0.005). This higher mortality persisted after
adjusting for confounding variables (OR 1.8,
95% CI 1.0-3.5, p = 0.05)

Lv YB, etal, [55] Atherosclerosis, 2015

The prospective cohort study included 935
patients with 3 years follow up.

Higher LDL-C level was associated with lower
risk of all-cause mortality.

Blekkenhorst LC, et al,, [56], The American Jour-
nal of Clinical Nutrition, 2015

A prospective cohort study included 1469
women.

Baseline serum total and LDL cholesterol were
not associated with ASVD mortality.

Takata Y, et al, [57] Clinical Interventions in
Aging, 2014

Prospective cohort study included 207 partici-
pants were observed for 10 years.

The mortality rate decreased by 0.8% for each 1
mg/dL increase in serum low-density lipopro-
tein cholesterol (LDL-C) concentration in the
elderly population.

Bathum L [58] Scandinavian Journal of Primary
Health Care, 2013

A population-based register study included
118160 participants over 50 years.

All-cause mortality was higher in the groups
with LDL above the recommended levels

Werle MH, et al,, [59] European journal of cardio-
vascular prevention and rehabilitation, 2011

Prospective cohort study included 213 partici-
pants over 80 years age.

LDL-cholesterol was not associated with cardio-
vascular mortality.

Li, et al, [16] Scientific Reports, 2023.

Retrospective observational study of over
200,000 admission records from 208 U.S. hospi-
tals between 2014 and 2015

Low LDL was independently associated with
higher all-cause and non-cardiovascular mortali-
ty in critically ill patients

Cheng, et al,, [53] Critical Care Medicine, 2015

A non-interventional observational study
analyzed 724 patients with acute myocardial
infarction.

The study found that decreased LDL levels were
significantly associated with higher mortality
rates within 30 days of hospitalization.

Johannesen CDL, et al, [60] BM]

A prospective cohort study included 108,243
participants with a median follow-up of 9.4
years.

The study reported a U-shaped association
between LDL levels and all-cause mortality.

In a prospective cohort study conducted in Denmark [60], re-
searchers analyzed 11,376 deaths and discovered a U-shaped asso-
ciation between LDL levels and all-cause mortality, challenging the
notion that low LDL is inversely associated with increased CVD risk
and mortality. Interestingly, the lowest risk for all-cause mortality
was found at an LDL-C concentration of 3.6 mmol/L (140 mg/dL),

which is above what is the a clinician target goal of below 100 mg/
dL [60]. A prospective cohort study identified LDL Apo-B100 as a
more accurate indicator of Myocardial Infarction (MI) compared
to LDL, triglycerides (TGs), or cholesterol levels [61]. Surprisingly,
among Chinese elderly, higher LDL-C level was associated with low-
er risk of all-cause mortality [55].
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The conflicting results from different studies and various coun-
terintuitive findings of measuring traditional LDL for cardiovascu-
lar disease risk assessment and management has caused clinicians
and scientists to consider other means of LDL measurement. Re-
searchers reported several alternative methods of measuring LDL
includes LDL particle number, Apolipoprotein-B100, Small Dense
LDL (sdLDL), LDL particle size, and LDL-C/ApoB ratio. Evidence
suggests that these parameters may serve better than traditional
measurement of LDL for cardiovascular disease mortality risk as-
sessment and prevention [51,62].

LDL Particle Number

Standard lipid tests do not assess the count of LDL particles
(LDL-P); rather, they measure the amount of LDL cholesterol [62].
LDL-P is a direct count of the number of LDL particles and refers to
the actual count of low-density lipoprotein particles circulating in
the bloodstream [62]. This is distinct from LDL-C, which quantifies
the amount of cholesterol contained within LDL particles. LDL-P is
often considered a more robust indicator of cardiovascular events
compared to LDL-C [43].

It is possible to have a normal cholesterol concentration, or
LDL-C, but still have a high number of LDL particles, or elevated
LDL-P [63] which could potentially indicate a higher cardiovas-
cular risk [63]. However, even with a high LDL-C, if your LDL-P is
low, it could suggest a lower risk of cardiovascular events which
highlights the importance of considering both LDL-P and LDL-C in
assessing cardiovascular health [50]. CVD was increase 2.3 times
more in top tertile HDL-P group in comparison with lower tertile
group even after adjusted for LDL [64]. The JUPITER study reports
that baseline LDL particle number was associated with CVD events,
whereas LDL cholesterol levels were not [65].

Apolipoprotein-B100

Every LDL particle carries a single Apo-B100 molecule, and it is
noteworthy that nearly 90% of all Apo-B100 molecules are trans-
ported by LDL [66]. The 2021 guidelines from the Canadian Cardio-
vascular Society on dyslipidemia suggest that healthcare providers
can use apolipoprotein B (apoB) levels as alternatives to LDL cho-
lesterol for both screening and treatment objectives [67]. Accord-
ing to a prospective cohort study, Apo-B100 has been identified as
a more accurate indicator of Myocardial Infarction (MI) compared
to LDL, TGs, or cholesterol levels [61]. Amusat, et al. reported in
their study of 494 participants that Apo B exhibits high diagnostic
accuracy, making it a suitable ASCVD risk biomarker [68]. Johan-
nesen CDL et al. [60] reported that higher levels of excess apoB are
dose-dependently associated with increased Hazard Ratios (HRs)
for Myocardial Infarction (MI) and Atherosclerotic Cardiovascular
Disease (ASCVD) in both women and men, indicating a greater risk
of adverse cardiovascular events and mortality for individuals with
elevated excess apoB [69]. The findings imply that measuring apoB
levels could enhance the prediction and management of cardiovas-
cular risk, especially in identifying high-risk individuals that LDL-C
levels alone might not detect. A similar study reported that higher
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incidence of major adverse cardiovascular events (MACE; coronary
heart disease death, nonfatal myocardial infarction, fatal/nonfatal
ischemic stroke, hospitalization for unstable angina) was discov-
ered in group with higher initial Apo-B level even after considering
LDL cholesterol levels and MACE [70].

Small, Dense LDL

Small dense LDL are a subtype of LDL particles that are smaller
and denser compared to larger more buoyant LDL particles. These
particles are more atherogenic, meaning they have a higher po-
tential to promote the formation of fatty deposits in the arteries,
leading to cardiovascular diseases. Research indicates that small
dense LDL cholesterol is a highly effective marker for predicting the
residual risk of future Cardiovascular Events (CE) in patients with
stable Coronary Artery Disease (CAD) who are on statin therapy, as
well as in high-risk CAD patients who have diabetes or elevated tri-
glyceride levels [71,72]. In a study involving a Japanese population,
estimated small dense LDL was identified as an independent risk
factor for revascularization and the development of new lesions in
patients within two years following Percutaneous Coronary Inter-
vention (PCI) for stable angina who were receiving statin therapy
[73]. Another study shows that Small LDL particles are associated
with an increased risk of CVD events, independent of LDL, and they
predict events in both low-risk and very high-risk individuals [65].

LDL-C/Apob Ratio

The LDL-C/ApoB ratio serves as a convenient and accessible
indicator of LDL particle size in clinical practice and the LDL-C/
ApoB ratio independently predicts MACE in individuals with es-
tablished atherosclerosis [74]. A study on US population reported
LDL-C/ApoB ratio as an independent predictor for cardio-vascular
and all-cause mortality [50]. Coronary heart disease continues to
occur even in individuals with controlled Type-2 Diabetes (T2D)
but rather than the atherogenic index of plasma, the LDL-C/ApoB
ratio of <1.2 can predict coronary heart disease independently of
the ASCVD risk score in T2D patients [75]. An observational study
reported that even with normal LDL cholesterol levels, the LDL-C/
ApoB ratio can still predict coronary atherosclerosis in non-diabet-
ic patients [76].

Conclusion

Recent research findings suggest that the size and density of
LDL particles may be more predictive than conventional LDL-C
measurements for predicting CVD risk and mortality. Recent stud-
ies suggest a shift in the trend from measuring quantity to mea-
suring quality of LDL, which includes the particle number of LDL,
Apo-B100, LDL-C/ApoB ratio, and subclasses of LDL. Emerging
technologies such as NMR (nuclear magnetic resonance) enhance
the accessibility of these measurements. In the coming years, there
may be a significant emphasis on assessing the quality of LDL
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