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Abstract

Coronary heart disease is the foremost leading cause of death across the world. It mainly involves the blood
vessels, which supply the heart. Plaque formation due to lipid deposition leads to the narrowing of the
vessels, obstructing blood flow. Therefore, lipoproteins such as high-density lipoproteins (HDL), low-density
lipoproteins (LDL), very low-density lipoproteins (VLDL), and chylomicrons play a crucial role in
cardiovascular diseases. Lipoproteins are carrier molecules made up of proteins and fats. They carry
cholesterol through the bloodstream and transport it to the peripheral tissues or the liver. There are several
classes of lipoproteins in the blood, namely HDL, LDL, VLDL, and chylomicrons. Depending on the
lipoproteins, an excess of them can either harm or benefit the body. Low-density lipoprotein, nicknamed
‘the bad cholesterol,’ transports fatty molecules from the liver and deposits them in peripheral tissues or
central vessels. Thus, excess LDL can cause blockage of the arteries supplying major organs. High-density
lipoprotein, nicknamed 'the good cholesterol,’ transports the excess fatty molecules to the liver for their
metabolism and removal from the body. Hence, high levels of HDL are an indication of a healthy body. Thus,
lipoproteins are important molecules, and their proper regulation is essential to maintaining a healthy body.
An effective way to maintain a balanced lipoprotein level is to have a properly balanced diet with high
protein and low fat. Regular exercise, both indoors and outdoors, is recommended. If cholesterol levels are
not maintained by diet and exercise, medication is advised after consulting medical experts. This review
aims to inform people about lipoproteins, their importance, and maintaining a healthy lipoprotein level.

Categories: Public Health, Internal Medicine, Cardiology
Keywords: myocardial infarction , atherosclerosis, lipid metabolism, cardio vascular disease, high density lipo-
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Introduction And Background

Lipoproteins are essential molecules that transport lipids, such as cholesterol and triglycerides, throughout
the body. These are complex and dynamic structures that act as carriers, facilitating the movement of lipids
through the bloodstream to various tissues and organs according to their needs. The interaction of
lipoproteins in our physiology is critical because it directly affects our general health and well-being. These
remarkable molecules have an ingenious design and contain a hydrophobic lipid core protected by a
hydrophilic outer layer of proteins and phospholipids. This ingenious arrangement allows lipoproteins to
move through the aqueous environment of our bloodstream without clumping or precipitation. Lipoproteins
are classified according to their density, which is determined by the proportion of lipids in the proteins they

carry [1].

Lipoproteins are categorized into four primary classes: low-density lipoproteins (LDL), chylomicrons, very
low-density lipoproteins (VLDL), and high-density lipoproteins (HDL). Each of these classes performs
different functions and plays essential roles in lipid metabolism. Lipoproteins are crucial for various bodily
functions and also contribute to the development of specific health conditions. Elevated levels of LDL
cholesterol, often referred to as 'bad cholesterol, are linked to an elevated risk of atherosclerosis and
cardiovascular diseases. Conversely, higher HDL cholesterol levels, known as 'good cholesterol,’ offer
protection against cardiovascular problems [2].

The understanding of the workings of lipoproteins has significant implications for medical research and
clinical practice. Researchers continuously explore new avenues to manage lipid disorders, develop
treatments for cardiovascular diseases, and optimize lipid transport to enhance overall health. This
exploration of lipoproteins delves into their structure, functions, significance in lipid metabolism, and
implications for human health and disease. By gaining a deeper understanding of lipoproteins, we can
appreciate the remarkable complexity of our biological systems and work towards promoting better health
outcomes for individuals worldwide [3].
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Methodology

In July 2023, we conducted a comprehensive search through PubMed and Google Scholar, using specific
keywords such as "lipoproteins” and "cardiovascular diseases.” The search criteria included terms like "low-
density lipoprotein" and "very low-density lipoprotein” (in title or abstract) or their abbreviated forms "LDL"
and "VLDL." Additionally, we employed medical subject headings (MeSH) terms like "atherosclerosis” to
refine our search. We also incorporated terms related to different age groups, such as "young adults" and
"geriatric population,” as well as "Quality of Life (QoL)." To ensure a comprehensive search, we cross-
referenced critical references from the bibliographies of relevant studies. This search was updated in August
2023.

In total, we examined 37,200 articles to investigate the impact of lipoproteins on the cardiovascular system.
Our search strategies involved a combination of the terms "lipoproteins” and "cardiovascular diseases.” We
applied filters to include only clinical trials, meta-analyses, randomized control trials, and systematic
reviews. To ensure the quality of our selection process, one reviewer (PD) initially screened the retrieved
studies based on the title and abstract, while the other reviewer (NI) independently reviewed approximately
20% of these studies to validate their inclusion. Any discrepancies in the selection process were resolved
through discussion. Figure I shows the methodology in the form of a Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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FIGURE 1: PRISMA flow diagram

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Review

Lipoproteins are intricate macromolecular complexes characterized by a central hydrophobic core,
predominantly rich in triglycerides and cholesterol esters. The central core is surrounded by a hydrophilic
membrane composed of apolipoproteins, free cholesterol, and phospholipids. Within the circulatory system,
these plasma lipoproteins can be separated into five principal categories based on their dimensions, lipid
constituency, and apolipoprotein content, i.e., HDLs, LDLs, intermediate-density lipoproteins (IDLs),
VLDLs, and chylomicrons [4]. Table 7 shows different classes of lipoproteins.
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Lipoproteins Density (g/ml) Size (nm) Major Lipids
Chylomicrons <0.930 75-1200 Triglycerides
Chylomicrons remnants 0.930-1.006 30-80 Triglycerides, Cholesterol
Very low-density lipoproteins 0.930-1.006 30-80 Triglycerides

Low-density lipoproteins 1.019-1.063 18-25 Cholesterol
Intermediate-density lipoproteins 1.006-1.019 25-35 Triglycerides, Cholesterol
High-density lipoproteins 1.063-1.210 5-12 Cholesterol, Phospholipids

TABLE 1: Classes of lipoprotein and its characteristics

Chylomicrons

Chylomicrons are large and spherical lipoprotein particles that are formed in intestinal cells after the
absorption and digestion of dietary fats. These lipoprotein particles are essential in transporting lipid
particles from the small intestine to tissues throughout the body. Chylomicron particles comprise a central
core composed mainly of triglycerides derived from degraded fats, surrounded by a thin single layer
containing phospholipids, free cholesterol, and apolipoproteins [5]. After the formation of chylomicrons in
the intestinal cells, they enter the lymph nodes and the bloodstream via the thoracic duct. Due to their large
size and high triglyceride content, chylomicrons give the blood a milky appearance after a fatty meal,
commonly known as chyle. Chylomicrons that enter the bloodstream move to various tissues and interact
with the enzyme lipoprotein lipase on the surface of blood vessels [6]. The primary function of lipoprotein
lipase is to break down triglycerides present within chylomicrons into free fatty acids and glycerol, which are
then absorbed by various tissues for energy production or storage. After removing most triglycerides,
chylomicrons become more minor remnants, eventually cleared by the liver. This process is essential for
delivering dietary lipids to tissues for energy and other metabolic needs. Any disruption in chylomicron
metabolism can lead to disorders like familial chylomicronaemia syndrome, characterized by extremely high
levels of triglycerides in the blood, posing a threat of pancreatitis [7].

High-density lipoproteins

High-density lipoproteins are a class of lipoproteins found in the bloodstream and play a crucial role in lipid
metabolism. They are often called 'good cholesterol' due to their protective effects on cardiovascular health
[8]. These particles are smaller and denser than other lipoproteins and consist of a hydrophilic shell
surrounding a hydrophobic core, like other lipoprotein classes. High-density lipoprotein particles are
primarily formed in the liver and intestine but can also be generated in peripheral tissues like the small
intestine, adipose tissue, and macrophages. Apolipoproteins, especially ApoA-1, are the principal structural
proteins of high-density lipoproteins and play an essential role in stabilizing the particle and mediating its
interactions with enzymes and cell receptors. High-density lipoproteins transport excess cholesterol back to
the liver from peripheral tissues, including arterial walls, to be excreted in bile [9]. This process helps
prevent cholesterol from building up in blood vessels, reducing the risk of all significant cardiovascular
diseases. High-density lipoproteins also have anti-inflammatory, antioxidant, and antithrombotic effects,
further contributing to their cardioprotective properties [10]. It helps maintain endothelial function and
prevents LDL oxidation, promoting atherosclerotic plaque formation. In addition, HDLs can increase nitric
oxide production, a vasodilator that improves blood vessel flexibility and lowers blood pressure. Higher
levels of HDL cholesterol in the blood are associated with a reduced prospect of cardiovascular disease.

In contrast, a low level of HDL (hypoalphalipoproteinemia) is considered a risk factor for heart disease.
Lifestyle habits such as regular exercise, a balanced diet, and moderate alcohol consumption can raise the
level of HDLs. However, genetic factors can also affect HDL metabolism and its levels [11].

Low-density lipoproteins

Low-density lipoproteins are a class of circulating lipoproteins that carry cholesterol and triglycerides from
the liver to peripheral tissues throughout the body. Low-density lipoproteins are often referred to as 'bad
cholesterol' because elevated levels in the blood are associated with an increased risk of cardiovascular
disease [12]. Low-density lipoprotein particles are more visible and less dense than lipoproteins, such as
HDLs. They have a central hydrophobic core composed of cholesterol esters and triglycerides. A single-layer
membrane of free cholesterol, apolipoproteins, and phospholipids surrounds the core. The primary
apolipoprotein forming LDLs is ApoB-100 [13]. The principal function of LDLs is to move cholesterol to cells
that need it for various purposes, including the synthesis of cell membranes, hormones, and bile acids.
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However, excessive LDLs can cause cholesterol to build up in artery walls, triggering atherosclerosis, a
condition characterized by plaque buildup in blood vessels. This formation or buildup of plaque can cause
narrowing and hardening of the arteries, leading to reduced blood flow and an increased risk of myocardial
infarction and strokes [14]. Low-density lipoprotein cholesterol can undergo oxidative changes, damaging
blood vessels more. Macrophages in the arterial wall take up oxidized LDL particles, forming foam cells, a
critical step in atherosclerotic plaque formation.

Many factors contribute to high LDL cholesterol, including genetics, diet, physical activity, and lifestyle
choices. Diets high in saturated and trans fats and excessive caloric intake can cause a chronic rise in LDL
levels. On the other hand, a balanced diet rich in green vegetables, fresh fruits, and healthy fats like
vegetable oil, egg whites, and red meat can help lower LDL levels and reduce cardiovascular risk [15].

Intermediate-density lipoproteins

Intermediate-density lipoproteins are a class of lipoproteins formed when metabolizing VLDLs.
Intermediate-density lipoprotein particles are between VLDLs and LDLs in size and density [16]. They play a
transient role in the transport of lipids in the bloodstream. Intermediate-density lipoproteins occur when
VLDL particles, primarily triglycerides, interact with lipoprotein lipase. Intermediate-density lipoproteins
contain a mixture of triglycerides, cholesterol esters, phospholipids, and apolipoproteins. The fate of IDLs in
circulation is twofold. Some IDL particles are taken up by receptor-mediated endocytosis in the liver, where
they undergo further metabolism [17]. In the liver, IDLs can be processed into LDLs by lipoprotein lipase or
converted back to VLDLs for further lipid transport.

Therefore, IDLs act as a precursor to LDLs, which are often referred to as 'bad cholesterol' due to their
association with the development of atherosclerosis and diseases related to atherosclerosis. An increased
blood content of IDLs is usually seen in people with dyslipidemia or certain metabolic disorders. Appropriate
lipid management, including dietary changes and medications, can help regulate IDL levels and maintain
cardiovascular health [18].

Very low-density lipoproteins

Very low-density lipoproteins are lipoproteins produced mainly in the liver and responsible for transporting
triglycerides from the liver to various tissues. Very low-density lipoprotein particles have a larger size and
lower density than lipoproteins, such as LDLs and HDLs [19]. Very low-density lipoproteins are synthesized
in the liver and consist of triglycerides, cholesterol, phospholipids, and apolipoproteins. Once formed,
VLDLs are released into the bloodstream, serving as the primary carrier of triglycerides in adipose tissue and
muscle cells for energy storage or use. In the bloodstream, VLDLSs interact with the enzyme lipoprotein
lipase on the surface of blood vessels [20]. Lipoprotein lipase breaks down triglycerides within VLDLs into
free fatty acids and glycerol, which tissues take up for energy production or storage. As a result, the particles
change their composition and become IDLs and, eventually, LDLs. Elevated levels of VLDLs in the blood are
also associated with dyslipidemia, increasing the risk of atherosclerosis and cardiovascular diseases [21].
Managing VLDL levels through lifestyle changes, such as eating a balanced diet and engaging in regular
physical activity, is essential for maintaining cardiovascular health.

How lipoproteins affect the Cardiovascular system

Low-Density Lipoprotein

Often referred to as 'bad cholesterol,' LDLs can significantly affect the cardiovascular system when the levels
are elevated. Low-density lipoproteins play a crucial role in causing atherosclerosis. Atherosclerosis is a
cardiovascular disease that occurs due to fatty-laden deposits called plaques, which build up in the inner
walls of arteries [22]. Low-density lipoproteins affect the cardiovascular system in the various ways
mentioned below.

Atherosclerosis: High levels of LDLs and cholesterol in the blood can lead to the accumulation of LDL
deposits in the arterial walls. These LDL particles can oxidize, trigger an inflammatory response, and attract
immune cells, especially macrophages, to the area. The gathering of oxidized LDLs and immune cells leads
to fatty streaks, the initial phases of atherosclerotic plaques. Plaques can grow and harden with time,
narrowing arteries and reducing blood flow to vital organs such as the heart, brain, and kidneys [23].

Plaque rupture: When plaques triggering atherosclerosis reach progressive stages, they become unstable and
susceptible to rupture. The materials comprising it, such as cholesterol and various fatty substances, are
released into the bloodstream after rupturing an already precarious plaque. These released materials
instigate clot formation, further constricting already narrowed arteries. The outcome of this process may
lead to either a heart attack or stroke, contingent upon the location of the plaque's development [24].

Coronary artery disease: Elevated LDL cholesterol levels play a vital role in developing coronary artery
disease. This occurs when LDL deposits in the coronary arteries form plaques and decrease blood supply to
the heart muscle. Ischemia to the heart causes hypoxia, leading to chest pain (angina) and a heart attack
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(myocardial infarction).

Peripheral arterial disease: High LDL levels can also lead to LDL deposition and plaque formation in the
arteries that supply blood to the extremities, such as the legs. This condition can cause pain cramps and
inhibit wound healing in the extremities [25].

Hypertension: One of the main complications of LDLs other than atherosclerosis is hypertension. Higher
levels of LDL cholesterol are related to an increased risk of hypertension [26]. Figure 2 depicts the impact of
LDLs on the body.

Plague
formation:
causes various

cardiovascular
diseases.

FIGURE 2: Fate of LDLs in the body and its effect on the cardiovascular
system

LDL: Low-density lipoprotein

Image created by the author.

High-Density Lipoprotein

Often called 'good cholesterol, HDL has several beneficial effects on the cardiovascular system. High-density
lipoproteins are crucial for promoting cardiovascular health and protecting against heart disease. Mentioned
below are some ways in which HDLs benefit the cardiovascular system.

Reverse cholesterol transport: It removes the excess cholesterol and helps prevent atherosclerosis of the
arterial walls, reducing the risk of cardiovascular disease [27].

Antioxidant and anti-inflammatory properties: High-density lipoproteins have very beneficial antioxidant
properties. These assist in neutralizing the destructive free radicals that oxidize LDL cholesterol [28]. These
oxidized LDLs are more likely to promote atherosclerosis. In addition, HDLs have an anti-inflammatory
effect that helps reduce inflammation of blood vessels. Both of these are vital processes in the prevention of
atherosclerosis [29].

Vasodilation and endothelial function: High-density lipoproteins stimulate the production of nitric oxide, a
potent vasodilator. Nitric oxide causes vasodilatation, which improves circulation and helps maintain
normal blood pressure. High-density lipoproteins help protect endothelial cells from damage and
dysfunction.

Antithrombotic effect: High-density lipoproteins help prevent thrombosis by regulating the activity of
various factors involved in the clotting process. However, the extent to which it affects thrombosis is
unknown [30]. Figure 3 depicts the impact of HDLs on the body.

2023 Das et al. Cureus 15(11): e48865. DOI 10.7759/cureus.48865 5of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/779755/lightbox_3c608b60717011ee911e21e48cb77c5c-image-cureus-2.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

3
Prevention of
cardiovascular
diseases and
anti-oxidant
effect.

FIGURE 3: Fate of HDLs in the body and its effect on the cardiovascular
system

HDL: High-density lipoprotein

Image created by the author

Very Low-Density Lipoproteins

Very low-density lipoprotein significantly affects the cardiovascular system, especially at high levels. These
are the primary carriers of triglycerides in circulation and play a role in lipid metabolism. Very low-density
lipoproteins affect the cardiovascular system in the ways mentioned below.

Atherosclerosis: Increased levels of VLDLs can cause elevated levels of triglycerides in the blood [31]. Excess
triglycerides can accumulate in the artery's walls, promoting atherosclerosis development. Very low-density
lipoprotein particles transport triglycerides to peripheral tissues and leave behind residues that can cause
further change, contributing to the formation of plaques.

Formation of LDLs: Very low-density lipoprotein particles are converted to IDLs when they deliver
triglycerides to tissues [32]. Later, IDL particles can be further broken down to form LDL cholesterol,
commonly known as 'bad cholesterol.' Increased LDL levels can cause cholesterol to build up in artery walls
and promote atherosclerosis [33].

Cardiovascular disease: Dyslipidaemia characterized by high VLDL levels, is a major causative factor for
cardiovascular disease. Increased VLDLs are associated with the risk of developing hypertension,
atherosclerosis, coronary artery disease, myocardial infarction, and stroke.

Triglyceride-related complications: High levels of VLDLs are often associated with high triglycerides,
increasing the risk of acute pancreatitis, a potentially serious condition affecting the pancreas [34].

Chylomicrons

Chylomicrons play an essential role in lipid transport and metabolism, particularly in the transport of
dietary fats from the small intestine to various tissues throughout the body. However, chylomicrons are not
directly implicated in cardiovascular diseases like atherosclerosis. Instead, their impact on the
cardiovascular system is related to their triglycerides [35]. After a meal, chylomicrons are synthesized in the
intestinal cells and enter the lymphatic system. Eventually, they are released into the bloodstream,
transporting triglycerides to fatty tissue, which stores energy, and muscle tissue, which utilizes energy.
Lipoprotein lipase is situated on the surface of blood vessels, facilitating the breakdown of triglycerides in
chylomicrons. This enzymatic action results in the liberation of free fatty acids and glycerol, which are then
available for absorption by various body tissues [36]. High levels of chylomicrons and elevated triglycerides
in the blood (hypertriglyceridemia) can have several implications for cardiovascular health.

Atherosclerosis risk: Elevated triglyceride levels, especially in combination with other lipid abnormalities,
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are accompanied by an augmented risk of atherosclerosis. The leftovers of chylomicrons and other
triglyceride-rich lipoproteins can lead to the development of atherosclerotic plaques on the endothelium of
arterial walls [37].

Cardiovascular diseases: Hypertriglyceridemia is considered an independent risk factor for cardiovascular
diseases, including coronary heart disease and an increased risk of heart attacks and strokes.

Pancreatitis: Extremely high levels of chylomicrons and triglycerides in the blood can lead to
hypertriglyceridemia pancreatitis, characterized by pancreas inflammation, which can be life-threatening
[38].

Prevention of cardiovascular diseases related to lipoproteins

Preventing lipoprotein-related cardiovascular diseases includes a blend of lifestyle modifications and
medical interventions when necessary. There are critical strategies to prevent lipoprotein-related
cardiovascular disease. Eat a heart-healthy diet. A dietary regimen abundant in fiber and protein,
comprising elements like fruits, vegetables, whole grains, lean protein sources, and beneficial fats, can
effectively manage cholesterol levels and diminish the likelihood of developing cardiovascular disease. [39].
Limiting the intake of saturated fat, trans fat, and dietary cholesterol is critical to controlling LDL
cholesterol. In addition, increasing foods containing omega-3 fatty acids (e.g., fatty fish and flaxseeds) can
increase HDL cholesterol and improve the overall lipid profile.

Participate in consistent physical activity. Regular exercise helps manage lipid profiles, increase HDL
cholesterol, and lower triglycerides. At least 2.5 hours of moderate-intensity aerobic exercise or one hour of
vigorous workout plus weight training per week is essential. And sustain a healthy weight. Obesity,
especially abdominal fat, is associated with adverse changes in lipid profiles [40]. Weight loss through a
healthy diet and regular exercise can significantly improve lipid levels and reduce cardiovascular risk.

Quit smoking and curb alcohol intake. Smoking damages blood vessels and promotes atherosclerosis, while
excessive alcohol consumption can raise triglyceride levels. Quitting smoking and consuming moderate
amounts of alcohol can be beneficial for heart health and blood vessels.

Manage diabetes and hypertension. Blood glucose levels in treating diabetes and hypertension are essential
to avoid complications affecting lipoprotein metabolism. Healthcare providers can monitor lipid profiles and
cardiovascular health. Early detection of lipid abnormalities allows for timely measures to prevent disease
progression [41].

Medicate. Sometimes, lifestyle changes may not be enough to control lipid levels effectively. Cholesterol-
lowering medications such as statins, fibrates, niacin, or bile acid sequestrants may be prescribed to lower
LDL cholesterol or triglycerides, depending on individual needs.

Genetic testing and family history: Some people may have a genetic predisposition to lipids. Static
knowledge of genetic history and testing can help recognize people at higher risk and allow tailored
prevention and management approaches.

By taking these preventive measures, people can effectively manage lipoprotein-related risk factors and
reduce the probability of cardiovascular disease, ultimately promoting heart health and overall well-being.
Regular contact with health professionals is essential for personal guidance and progress monitoring [42].

Statin Intolerance and Its Management

Statins are revolutionary lipid-lowering agents used for treating hyperlipidemic patients. They have a high
safety and efficacy profile, yet they have several side effects. All side effects are mainly muscle-related
complications like myalgia, rhabdomyolysis, and myopathy. Other side effects include hepatotoxicity,
proteinuria, rashes, headaches, and gastrointestinal discomfort [43]. The side effects manifest more severely
in patients above the age of 80 and in immunocompromised patients. These side effects cause patients to
abruptly discontinue the drugs without consulting their physician [44]. This abrupt discontinuation of
medication is called statin intolerance. Statin intolerance is identified by gauging the levels of creatine
kinase and hepatic transaminases. Statin-induced elevation in creatine kinase levels is a good indicator of
myopathy, which may progress to rhabdomyolysis at higher doses of statins. Patients with a creatine kinase
level more than 10 times the upper limit of normal (ULN) are a strong indicator of myopathy [45].

At baseline doses of statins, there is a very rare elevation of hepatic enzymes, but when higher doses are
given, the increase in enzymes varies with different statins. The use of statins is contraindicated in patients
with active liver diseases [46]. On routine examination, if alanine aminotransferase and aspartate
aminotransferase are found to be more than 3 times the ULN, then statins must be immediately stopped until
liver enzymes return to normal levels. Management of statin intolerance includes strategies like switching
therapies, alternating dosages, non-statin drugs, lipid-lowering nutraceuticals, and other therapies [47].
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Author
Mcnamara [1]

Després et al.
(2]

Schaefer [3]
Chait et al. [4]

Gunawan et
al. [5]

Tomkin et al.
[6]

Banerjee et
al. [7]

Gordon et al.
[8l

Wilson [9]

Hausenloy al.
[10]

Kosmas et al.
[11]

Campos et al.
[12]

Rizzo et al.
[13]

Toth et al. [14]
Balz [15]

Tatami et al.
[16]

Shoji et al.
[17]

Krauss et al.
[18]

Pechlaner et
al. [19]

Eisenberg et
al. [20]

Beer et al.
[21]

Hirayama et
al. [22]

Cromwell et
al. [23]

Després [24]

Sacks et al.
[25]

Year

1992

1990

1997

2016

2021

2011

2023

1989

1990

2008

2018

1992

2006

2014

1995

1981

1998

1987

2017

1973

1982

2012

2007

2007

2003

Table 2 provides information on the studies analyzed in this systematic review.

Findings

Effects of dietary fatty acid on the metabolism of plasma proteins like chylomicrons, LDL, VLDL, HDL, and
understanding of dietary fatty acids and their effect on cardiovascular diseases.

Body fat distribution and their effects on the development of cardiovascular diseases.

Role of cholesterol in the management of LDLs and association between dietary fibers and fatty acids.

Types of lipoproteins, their classification and differentiation.

Effects of dietary fibers on apolipoproteins and risks of cardiovascular diseases

Formation of chylomicrons from cholesterol in the body and their metabolism.

Formation of atheromatous plaque due to poor management of cholesterol levels and disruption of chylomicrons.

Protective effects of HDLs and their role in lowering risks of cardiovascular diseases.

Low levels of HDLs lead to higher levels of mortality in older age groups.

Raising HDL levels significantly lowers the risk of cardiovascular disease.

Functionality of HDLs and their inverse relation to cardiovascular diseases.

Low-density lipoproteins, their structure, and prevalence in cardiovascular diseases.

Role of size and quantity of LDLs in the prediction of cardiovascular diseases.

Higher LDL levels are associated with risks of cardiovascular diseases and require aggressive treatment.

Oxidation of LDLs and its benefits.

Intermediate-density lipoproteins together with LDLs pose a high risk to the cardiovascular system.

Formation of IDLs and increased risk of cardiovascular diseases in patients with other morbid conditions like renal
failure.

Correlation between high levels of IDLs and cardiovascular diseases.

Very low-density lipoproteins, and their effects on the cardiovascular system.

Metabolism of VLDLs.

How high levels of VLDLs contribute to the development of cardiovascular diseases.

Effects of small dense LDLs in the development of cardiovascular diseases and their management.

Formation of plaques in arteries due to thrombogenic action on deposited lipoproteins.

How excess visceral abdominal tissue and LDLs increase the risk of cardiovascular diseases in diabetic patients.

Formation of small-sized dense lipoproteins and how it leads to the formation of coronary artery diseases.
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Ference et al.
[26]

Navab et al.
[27]

Rader et al.
[28]

Nitschke et al.
[29]

Cuchel et al.
[30]

Huang et al.
(31]

Lawler et al.
[32]

Vaziri [33]

Nordestgaard
et al. [34]

Simons et al.
[35]

Ginsberg et
al. [36]

Weintraub et
al. [37]

Xiao et al. [38]

Mann et al.
[39]

Williams 40]

Kokkinos et
al. [41]

Pahan [42]

Beltowski et
al. [43]

Gotto Jr[44]

Armitage [45]

Argo et al.
[46]

Hansen et al.
[47]

2017

2011

2014

2005

2001

2022

2017

2014

2014

1987

2021

1996

2012

2014

2008

1999

2006

2009

2006

2007

2008

2005

High LDLs cause atherosclerotic cardiovascular diseases.

Different mechanisms by which HDLs reduce the risk of atherosclerosis and other cardiovascular diseases.

Anti-oxidant property of HDLs and how it lowers the risk of cardiovascular diseases.

Higher levels of HDLs promote healthier arteries and reduce plaque formation.

Correlation between HDLs and thrombosis.

Pathological role of VLDLs and how they benefit the cardiovascular system.

Lowering the levels of VLDLs to help reduce the risks of coronary artery diseases.

Conversion of VLDLs to LDLs and related risks in patients with chronic kidney diseases.

Risks of high levels of VLDLs.

Cholesterol remnants specifically chylomicrons lead to increased risks of cardiovascular diseases.

Metabolism of chylomicrons releases fatty acids and glycerol. Excess of these increases the risk of cardiovascular
diseases.

Patients with coronary artery diseases had increased levels of chylomicrons in blood plasma even though plasma
lipid levels were normal.

Regulation of chylomicrons and risks and complications due to high levels.

Benefits of exercise in regulating levels of cholesterol and preventing atherosclerosis.

Weight management and its importance in regulating cholesterol levels.

Physical activity and its benefits in lowering co-morbidities which can lead to cardiovascular diseases.

Effects and benefits of medications in control and prevention of cholesterol levels.

Various side effects and adverse drug reactions occurring in patients who are on statins.

Research on statins as a lipid-lowering agent and the role of physicians and patients in deciding a proper treatment
using statins.

Different side effects of statins as a lipid-lowering agent. How elevated levels of creatine kinase help identify statin
intolerance.

Use of statins a lipid-lowering agent and its side effects. Statins' side effects cause an increase in liver enzymes.

Different ways of managing statin-induced side effects and statin intolerance in patients.

TABLE 2: Findings from different sources featured in this systematic review

HDL: High-density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein, IDL: Intermediate density lipoprotein

Conclusions

Lipoproteins play a crucial role in the transport and management of cholesterol and, in turn, significantly
impact the cardiovascular system. The HDLs benefit as they help regulate excess cholesterol in the
bloodstream, reducing the risk of atherosclerosis and other heart diseases. On the other hand, LDLs become
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harmful in excess, causing the accumulation and deposition of cholesterol in arterial walls that lead to
plaque formation, thus increasing the risk of cardiovascular events. Maintaining a balance between HDLs
and LDLs is essential for maintaining a healthy cardiovascular system. Lifestyle factors, which include a
healthy diet, regular exercise, and avoiding smoking, positively affect lipoprotein levels. Medications are
prescribed to control cholesterol levels if lifestyle changes are insufficient. Research related to lipoproteins
and their effects on the cardiovascular system continues to progress and provides valuable information
about the mechanisms of heart disease and possible treatment measures. By understanding the complex
relationship between lipoproteins and the cardiovascular system and the harm and benefit of each
lipoprotein, healthcare professionals can better assess and manage cardiovascular risk, ultimately
promoting a healthy heart and reducing the burden of cardiovascular disease.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.  Mcnamara DJ: Dietary fatty acids, lipoproteins, and cardiovascular disease . Adv Food Nutr Res. 1992,
36:253-351. 10.1016/S1043-4526(08)60107-2
2. Després JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A, Bouchard C: Regional distribution of body fat,
plasma lipoproteins, and cardiovascular disease. Arteriosclerosis. 1990, 10:497-511. 10.1161/01.atv.10.4.497
3. Schaefer EJ: Effects of dietary fatty acids on lipoproteins and cardiovascular disease risk: summary . AmJ Clin
Nutr. 1997, 65:1655S-1656S. 10.1093/ajcn/65.5.16558
4. Chait A, Eckel RH: Lipids, lipoproteins, and cardiovascular disease: clinical pharmacology now and in the
future. J Clin Endocrinol Metab. 2016, 101:804-814. 10.1210/jc.2015-3940
5. Gunawan AD, Bardosono S, Mudjihartini N: Association between apolipoprotein B and dietary fibers . World
Nutr J. 2021, 4:73-83. 10.25220/WNJ.V04.i2.0010
6. Tomkin GH, Owens D: The chylomicron: relationship to atherosclerosis. Int ] Vasc Med. 2012, 2012:784536.
10.1155/2012/784536
7. Banerjee Y, Patti AM, Giglio RV, et al.: The role of atherogenic lipoproteins in diabetes: molecular aspects
and clinical significance. ] Diabetes Complicat. 2023, 37:108517. 10.1016/j.jdiacomp.2023.108517
8.  Gordon DJ, Probstfield JL, Garrison RJ, et al.: High-density lipoprotein cholesterol and cardiovascular
disease. Four prospective American studies. Circulation. 1989, 79:8-15. 10.1161/01.¢ir.79.1.8
9. Wilson PW: High-density lipoprotein, low-density lipoprotein and coronary artery disease . Am J Cardiol.
1990, 66:7-10. 10.1016/0002-9149(90)90562-F
10. Hausenloy DJ, Yellon DM: Targeting residual cardiovascular risk: raising high-density lipoprotein
cholesterol levels. Postgrad Med J. 2008, 84:590-598. 10.1136/hrt.2007.125401
11. Kosmas CE, Martinez I, Sourlas A, et al.: High-density lipoprotein (HDL) functionality and its relevance to
atherosclerotic cardiovascular disease. Drugs Context. 2018, 7:212525. 10.7573/dic.212525
12.  Campos H, Genest J] Jr, Blijlevens E, et al.: Low density lipoprotein particle size and coronary artery disease .
Arterioscler Thromb. 1992, 12:187-195. 10.1161/01.atv.12.2.187
13.  Rizzo M, Berneis K: Low-density lipoprotein size and cardiovascular risk assessment . QJM. 2006, 99:1-14.
10.1093/qjmed/hci154
14.  Toth PP, Grabner M, Punekar RS, Quimbo RA, Cziraky M], Jacobson TA: Cardiovascular risk in patients
achieving low-density lipoprotein cholesterol and particle targets. Atherosclerosis. 2014, 235:585-591.
10.1016/j.atherosclerosis.2014.05.914
15.  Frei B: Cardiovascular disease and nutrient antioxidants: role of low-density lipoprotein oxidation . Crit Rev
Food Sci Nutr. 1995, 35:83-98. 10.1080/10408399509527689
16. Tatami R, Mabuchi H, Ueda K, et al.: Intermediate-density lipoprotein and cholesterol-rich very low density
lipoprotein in angiographically determined coronary artery disease. Circulation. 1981, 64:1174-1184.
10.1161/01.cir.64.6.1174
17.  Shoji T, Nishizawa Y, Kawagishi T, et al.: Intermediate-density lipoprotein as an independent risk factor for
aortic atherosclerosis in hemodialysis patients. ] Am Soc Nephrol. 1998, 9:1277-1284. 10.1681/ASN.V971277
18.  Krauss RM, Williams PT , Brensike J, et al.: Intermediate-density lipoproteins and progression of coronary
artery diseases in hypercholesterolaemic men. Lancet. 1987, 330:62-66. 10.1016/50140-6736(87)92734-6
19.  Pechlaner R, Tsimikas S, Yin X, et al.: Very-low-density lipoprotein-associated apolipoproteins predict
cardiovascular events and are lowered by inhibition of APOC-III. ] Am Coll Cardiol. 2017, 69:789-800.
10.1016/j.jacc.2016.11.065
20. Eisenberg S, Bilheimer DW, Levy RI, Lindgren FT: On the metabolic conversion of human plasma very low
density lipoprotein to low density lipoprotein. Biochim Biophys Acta Lipids Lipid Metab. 1973, 326:361-377.
10.1016/0005-2760(73)90138-0
21. de Beer FC, Soutar AK, Baltz ML, Trayner IM, Feinstein A, Pepys MB: Low density lipoprotein and very low
density lipoprotein are selectively bound by aggregated C-reactive protein. ] Exp Med. 1982, 156:230-242.
10.1084/jem.156.1.230
22. Hirayama S, Miida T: Small dense LDL: an emerging risk factor for cardiovascular disease . Clin Chim Acta.
2012, 414:215-224. 10.1016/j.cca.2012.09.010

2023 Das et al. Cureus 15(11): e48865. DOI 10.7759/cureus.48865 10 of 11


https://dx.doi.org/10.1016/S1043-4526(08)60107-2
https://dx.doi.org/10.1016/S1043-4526(08)60107-2
https://dx.doi.org/10.1161/01.atv.10.4.497
https://dx.doi.org/10.1161/01.atv.10.4.497
https://dx.doi.org/10.1093/ajcn/65.5.1655S
https://dx.doi.org/10.1093/ajcn/65.5.1655S
https://dx.doi.org/10.1210/jc.2015-3940
https://dx.doi.org/10.1210/jc.2015-3940
https://dx.doi.org/10.25220/WNJ.V04.i2.0010
https://dx.doi.org/10.25220/WNJ.V04.i2.0010
https://dx.doi.org/10.1155/2012/784536
https://dx.doi.org/10.1155/2012/784536
https://dx.doi.org/10.1016/j.jdiacomp.2023.108517
https://dx.doi.org/10.1016/j.jdiacomp.2023.108517
https://dx.doi.org/10.1161/01.cir.79.1.8
https://dx.doi.org/10.1161/01.cir.79.1.8
https://dx.doi.org/10.1016/0002-9149(90)90562-F
https://dx.doi.org/10.1016/0002-9149(90)90562-F
https://dx.doi.org/10.1136/hrt.2007.125401
https://dx.doi.org/10.1136/hrt.2007.125401
https://dx.doi.org/10.7573/dic.212525
https://dx.doi.org/10.7573/dic.212525
https://dx.doi.org/10.1161/01.atv.12.2.187
https://dx.doi.org/10.1161/01.atv.12.2.187
https://dx.doi.org/10.1093/qjmed/hci154
https://dx.doi.org/10.1093/qjmed/hci154
https://dx.doi.org/10.1016/j.atherosclerosis.2014.05.914
https://dx.doi.org/10.1016/j.atherosclerosis.2014.05.914
https://dx.doi.org/10.1080/10408399509527689
https://dx.doi.org/10.1080/10408399509527689
https://dx.doi.org/10.1161/01.cir.64.6.1174
https://dx.doi.org/10.1161/01.cir.64.6.1174
https://dx.doi.org/10.1681/ASN.V971277
https://dx.doi.org/10.1681/ASN.V971277
https://dx.doi.org/10.1016/S0140-6736(87)92734-6
https://dx.doi.org/10.1016/S0140-6736(87)92734-6
https://dx.doi.org/10.1016/j.jacc.2016.11.065
https://dx.doi.org/10.1016/j.jacc.2016.11.065
https://dx.doi.org/10.1016/0005-2760(73)90138-0
https://dx.doi.org/10.1016/0005-2760(73)90138-0
https://dx.doi.org/10.1084/jem.156.1.230
https://dx.doi.org/10.1084/jem.156.1.230
https://dx.doi.org/10.1016/j.cca.2012.09.010
https://dx.doi.org/10.1016/j.cca.2012.09.010

Cureus

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45.

46.

47.

Cromwell WC, Otvos JD, Keyes M], et al.: Ldl particle number and risk of future cardiovascular disease in the
Framingham offspring study - implications for LDL management. ] Clin Lipidol. 2007, 1:583-592.
10.1016/j.jacl.2007.10.001

Després JP: Cardiovascular disease under the influence of excess visceral fat . Crit Pathw Cardiol. 2007, 6:51-
59.10.1097/HPC.0b013e318057d4c9

Sacks FM, Campos H: Clinical review 163: cardiovascular endocrinology: low-density lipoprotein size and
cardiovascular disease: a reappraisal. ] Clin Endocrinol Metab. 2003, 88:4525-4532. 10.1210/jc.2003-030636
Ference BA, Ginsberg HN, Graham [, 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, 38:2459-2472.
10.1093/eurheartj/ehx144

Navab M, Reddy ST, Van Lenten BJ, Fogelman AM: HDL and cardiovascular disease: atherogenic and
atheroprotective mechanisms. Nat Rev Cardiol. 2011, 8:222-232. 10.1038/nrcardio.2010.222

Rader DJ, Hovingh GK: High density lipoproteins and cardiovascular disease . Lancet. 2014, 384:618-625.
10.1016/S0140-6736(14)61217-4

Linsel-Nitschke P, Tall AR: HDL as a target in the treatment of atherosclerotic cardiovascular disease . Nat
Rev Drug Discov. 2005, 4:193-205. 10.1038/nrd1658

Cuchel M, Rader DJ: The role of high density lipoproteins in thrombosis . ScientificWorldJournal. 2002, 2:89-
95.10.1100/tsw.2002.85

Huang JK, Lee HC: Emerging evidence of pathological roles of very-low-density lipoprotein (VLDL) . Int |
Mol Sci. 2022, 23:4300. 10.3390/ijms23084300

Lawler PR, Akinkuolie AO, Chu AY, et al.: Atherogenic lipoprotein determinants of cardiovascular disease
and residual risk among individuals with low low-density lipoprotein cholesterol. ] Am Heart Assoc. 2017,
6:005549. 10.1161/JAHA.117.005549

Vaziri ND: Role of dyslipidemia in impairment of energy metabolism, oxidative stress, inflammation and
cardiovascular disease in chronic kidney disease. Clin Exp Nephrol. 2014, 18:265-268. 10.1007/s10157-013-
0847-z

Nordestgaard BG, Varbo A: Triglycerides and cardiovascular disease. Lancet. 2014, 384:626-635.
10.1016/S0140-6736(14)61177-6

Simons LA, Dwyer T, Simons J, et al.: Chylomicrons and chylomicron remnants in coronary artery disease: a
case-control study. Atherosclerosis. 1987, 65:181-189. 10.1016/0021-9150(87)90020-7

Ginsberg HN, Packard CJ, Chapman MJ, 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, 42:4791-4806.
10.1093/eurheartj/ehab551

Weintraub MS, Grosskopf I, Rassin T, et al.: Clearance of chylomicron remnants in normolipidaemic
patients with coronary artery disease: case control study over three years. BMJ. 1996, 312:935-939.
10.1136/bmj.312.7036.935

Xiao C, Lewis GF: Regulation of chylomicron production in humans. Biochim Biophys Acta. 2012, 1821:736-
746.10.1016/j.bbalip.2011.09.019

Mann S, Beedie C, Jimenez A: Differential effects of aerobic exercise, resistance training and combined
exercise modalities on cholesterol and the lipid profile: review, synthesis and recommendations. Sports
Med. 2014, 44:211-221. 10.1007/s40279-013-0110-5

Williams PT: Vigorous exercise, fitness and incident hypertension, high cholesterol, and diabetes . Med Sci
Sports Exerc. 2008, 40:998-1006. 10.1249/MSS.0b013e31816722a9

Kokkinos PF, Fernhall B: Physical activity and high density lipoprotein cholesterol levels: what is the
relationship?. Sports Med. 1999, 28:307-314. 10.2165/00007256-199928050-00002

Pahan K: Lipid-lowering drugs. Cell Mol Life Sci. 2006, 63:1165-1178. 10.1007/s00018-005-5406-7
Beltowski ], Wdjcicka G, Jamroz-Wisniewska A: Adverse effects of statins — mechanisms and consequences .
Curr Drug Saf. 2009, 4:209-228. 10.2174/157488609789006949

Gotto AM Jr: Statins, cardiovascular disease, and drug safety. Am J Cardiol. 2006, 97:S3-S5.
10.1016/j.amjcard.2005.12.005

Armitage J: The safety of statins in clinical practice . Lancet. 2007, 370:1781-1790. 10.1016/50140-
6736(07)60716-8

Argo CK, Loria P, Caldwell SH, Lonardo A: Statins in liver disease: a molehill, an iceberg, or neither? .
Hepatology. 2008, 48:662-669. 10.1002/hep.22402

Hansen KE, Hildebrand JP, Ferguson EE, Stein JH: Outcomes in 45 patients with statin-associated
myopathy. Arch Intern Med. 2005, 165:2671-2676. 10.1001/archinte.165.22.2671

2023 Das et al. Cureus 15(11): e48865. DOI 10.7759/cureus.48865

11 0of 11


https://dx.doi.org/10.1016/j.jacl.2007.10.001
https://dx.doi.org/10.1016/j.jacl.2007.10.001
https://dx.doi.org/10.1097/HPC.0b013e318057d4c9
https://dx.doi.org/10.1097/HPC.0b013e318057d4c9
https://dx.doi.org/10.1210/jc.2003-030636
https://dx.doi.org/10.1210/jc.2003-030636
https://dx.doi.org/10.1093/eurheartj/ehx144
https://dx.doi.org/10.1093/eurheartj/ehx144
https://dx.doi.org/10.1038/nrcardio.2010.222
https://dx.doi.org/10.1038/nrcardio.2010.222
https://dx.doi.org/10.1016/S0140-6736(14)61217-4
https://dx.doi.org/10.1016/S0140-6736(14)61217-4
https://dx.doi.org/10.1038/nrd1658
https://dx.doi.org/10.1038/nrd1658
https://dx.doi.org/10.1100/tsw.2002.85
https://dx.doi.org/10.1100/tsw.2002.85
https://dx.doi.org/10.3390/ijms23084300
https://dx.doi.org/10.3390/ijms23084300
https://dx.doi.org/10.1161/JAHA.117.005549
https://dx.doi.org/10.1161/JAHA.117.005549
https://dx.doi.org/10.1007/s10157-013-0847-z
https://dx.doi.org/10.1007/s10157-013-0847-z
https://dx.doi.org/10.1016/S0140-6736(14)61177-6
https://dx.doi.org/10.1016/S0140-6736(14)61177-6
https://dx.doi.org/10.1016/0021-9150(87)90020-7
https://dx.doi.org/10.1016/0021-9150(87)90020-7
https://dx.doi.org/10.1093/eurheartj/ehab551
https://dx.doi.org/10.1093/eurheartj/ehab551
https://dx.doi.org/10.1136/bmj.312.7036.935
https://dx.doi.org/10.1136/bmj.312.7036.935
https://dx.doi.org/10.1016/j.bbalip.2011.09.019
https://dx.doi.org/10.1016/j.bbalip.2011.09.019
https://dx.doi.org/10.1007/s40279-013-0110-5
https://dx.doi.org/10.1007/s40279-013-0110-5
https://dx.doi.org/10.1249/MSS.0b013e31816722a9
https://dx.doi.org/10.1249/MSS.0b013e31816722a9
https://dx.doi.org/10.2165/00007256-199928050-00002
https://dx.doi.org/10.2165/00007256-199928050-00002
https://dx.doi.org/10.1007/s00018-005-5406-7
https://dx.doi.org/10.1007/s00018-005-5406-7
https://dx.doi.org/10.2174/157488609789006949
https://dx.doi.org/10.2174/157488609789006949
https://dx.doi.org/10.1016/j.amjcard.2005.12.005
https://dx.doi.org/10.1016/j.amjcard.2005.12.005
https://dx.doi.org/10.1016/S0140-6736(07)60716-8
https://dx.doi.org/10.1016/S0140-6736(07)60716-8
https://dx.doi.org/10.1002/hep.22402
https://dx.doi.org/10.1002/hep.22402
https://dx.doi.org/10.1001/archinte.165.22.2671
https://dx.doi.org/10.1001/archinte.165.22.2671

	Lipoproteins and Their Effects on the Cardiovascular System
	Abstract
	Introduction And Background
	Review
	Methodology
	FIGURE 1: PRISMA flow diagram

	Review
	TABLE 1: Classes of lipoprotein and its characteristics

	Chylomicrons
	High-density lipoproteins
	Low-density lipoproteins
	Intermediate-density lipoproteins
	Very low-density lipoproteins
	How lipoproteins affect the Cardiovascular system
	FIGURE 2: Fate of LDLs in the body and its effect on the cardiovascular system
	FIGURE 3: Fate of HDLs in the body and its effect on the cardiovascular system

	Prevention of cardiovascular diseases related to lipoproteins
	TABLE 2: Findings from different sources featured in this systematic review


	Conclusions
	Additional Information
	Disclosures

	References


