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Abstract

Different lifestyles have an impact on useful metabolic functions, causing disorders. Different lipids are involved in the metabolic
functions that play various vital roles in the body, such as structural components, storage of energy, in signaling, as biomarkers,
in energy metabolism, and as hormones. Inter-related disorders are caused when these functions are affected, like diabetes,
cancer, infections, and inflammatory and neurodegenerative conditions in humans. During the Covid-19 period, there has been a
lot of focus on the effects of metabolic disorders all over the world. Hence, this review collectively reports on research concerning
metabolic disorders, mainly cardiovascular and diabetes mellitus. In addition, drug research in lipid metabolism disorders have
also been considered. This review explores lipids, metabolism, lipid metabolism disorders, and drugs used for these disorders.
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INTRODUCTION

Lipids are organic compounds that are insoluble in water
and soluble in organic solvents. They are esters of fatty acids,
rarely containing alcohol or phosphate functional group mole-
cules, and comprise triglycerides, phospholipids, and steroids.
They are the energy reserves of animals and perform various
functions, such as maintenance of body temperature, whilst
being the key constituents of cell membranes and serving as
chemical messengers (Tocher, 2003; Ratnayake and Galli,
2009). The human body requires various types of useful lipid
fat to maintain the healthy functions of its parts (Ahmed et al.,
2020). Balancing lipid levels in the blood is an important part
of staying healthy. Abnormal levels of blood lipids cause fat
deposits in artery walls, which initiates complications inside
the blood vessels. Causes for high lipid levels include diabe-
tes, alcoholism, kidney disease, hypothyroidism, liver disease,
and stress. Augmented lipids easily adhere to the blood’s cir-
culating nerve walls, and the growing fatty scale causes a vari-
ety of atherosclerosis disorders, such as stroke or heart attack
(Nelson, 2013).

Alack of chemical reactions in our bodies causes metabolic
diseases and lowers our quality of life. The enzymes needed
to metabolize lipids may not work properly or are not produced

enough (Lattimer and Haub, 2010). Excessive lipids are
stored, causes permanent cellular and tissue damage, pre-
dominantly in the brain and peripheral nervous system, result-
ing in metabolic disorders such as Gaucher’s disease, Tay-
Sachs disease, Niemann-Pick disease (NPD), etc. (Solomon
and Muro, 2017). Obesity is now a common metabolic disor-
der, involving an excessive amount of body fat. It increases
the risk of other diseases and health problems, such as heart
disease, diabetes, high blood pressure, and certain cancers.
Altered intestinal microbiota may stimulate hepatic fat deposi-
tion, also causing obesity and other metabolic disorders (Ar-
slan, 2014; Song et al., 2019). Almost half of all cardiovascu-
lar disease-related fatalities occur as a result of a metabolic
imbalance (Knopp, 1999). Obesity is a major cause of cardio
metabolic risk factors such as elevated plasma glucose levels,
atherogenic dyslipidemia, elevated blood pressure, and so on
(Grundy, 2009).

According to the Mayo Clinic, while certain metabolic ab-
normalities can be discovered by continuous screening tests
at birth, the majority are diagnosed after the onset of symp-
toms in adulthood. For example, the population of gut mi-
crobiota microorganisms in the human digestive system that
are involved in beneficial metabolic action is high. (Dibaise et
al., 2008). However, obese metabolic disease is caused by
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pathophysiological interactions that result in aberrant negative
metabolic activity (Hur and Lee, 2015). Based on the child’s
viewpoint and progress, this condition can be detected as ear-
ly as childhood. Because of deficiencies in the diagnostic and
screening processes (Denisenko et al., 2020), physicians and
drug researchers have yet to identify the optimal therapy for
metabolic diseases (Metbd). Metbd caused by chemical reac-
tions begins with obesity and progresses via differentillnesses,
such as infertility, hypothyroidism, hypoactive sexual desire
disorder, nonalcoholic steatohepatitis, testosterone replace-
ment, vaginal atrophy, cancer, type | diabetes, and type Il dia-
betes (Pischon et al., 2008). In recent years, lipid metabolism
disease insulin resistance has become a frequent worldwide
concern, which necessitates more medication research and
diagnosis (Lark et al., 2012; Monnerie et al., 2020). Obesity-
related illnesses are being caused by the excessive intake of
saturated fat lipids (Cena and Calder, 2020). The absence of
certain lipids, such as polyunsaturated lipids and phospholip-
ids, causes inflammation and disrupts the glucose-insulin bal-
ance (Novgorodtseva et al., 2011; Glass and Olefsky, 2012).
Furthermore, several studies have indicated that the contribu-
tion of lipoxin A4 lipid levels has an influence on periodontal
disease, kwonlic syndrome, and other chronic issues (Dogan
et al., 2019). According to the National Institute of Neurologi-
cal Disorders and Stroke, the impact of excessive fat accumu-
lation (lipids) is the source of many health concerns, such as
tissue damage, and liver, brain, bone marrow, peripheral ner-
vous system, and spleen disorders. The data in this investiga-
tion reveals a variety of problems caused by alterations in lipid
metabolism. As a result, this study summarizes the different
Metbd and current medication development reports.

LIPID TYPES AND STRUCTURES

Aqueous insoluble lipids are molecules with complex struc-
tures as a result of several biochemical transformations (Fahy
et al., 2011). Because of the participation of different enzymes
and biological substances, the process of lipidomics is im-
portant to comprehend (Nilsson et al., 2019). Lipids contain
hydrocarbons, a diverse and ubiquitous group of compounds
that are non-polar soluble in organic solvents. They have sig-
nificant structural variety, based on their variable chain length,
and have a mass of oxidative, reductive, substitutional, and
ring-forming capability, also with sugar residues and other
functional groups (Fahy et al., 2011). Based on this, lipids are
divided into several types, including saturated and unsaturat-
ed fatty acids, waxes, glycerol phospholipids, sphingo lipids,
and glycosphingo lipids (Fahy et al., 2005). Lipids are liquids
or non-crystalline solids with colorless, tasteless, and odor-
less qualities, and are energy-rich organic compounds with
no ionic charge. The acetyl, propenyl, and isoprene functional
groups of the building components of lipids also serve as hor-
mones. Polyunsaturated fatty acids carry out a signaling func-
tion and are responsible for membrane structure (Cani et al.,
2008; Bazinet and Layé , 2014).

LIPID OR FATTY ACID SYNTHESIS

Lipids or fatty acids are important components of the hu-
man body and have multiple functions in both health and dis-
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eases. Different lipids are synthesized by our body, based on
the functional area, and are produced by lipogenic tissues in
the presence of cytosol (Tracey et al., 2018). Lipids or fatty
acids are synthesized from acetyl-CoA and NADPH through
the action of enzymes called fatty acid synthases. Seven rep-
lications of four-cycle reactions were observed by Tracey et
al. (2018) with various fatty synthesis mechanisms (Nelson,
2013). Except for some essential fatty acids, the human body
is able to synthesize most of the required fatty acids directly
from precursors (Nagy and Tiuca, 2017). Acetyl-CoA carbox-
ylase beta (ACC2) is involved in the carboxylation of acetyl-
CoA to malonyl-CoA. Malonyl-CoA is the substrate for fatty
acid synthase complex and is also a key molecule regulator of
both the biosynthesis and oxidation of fatty acids (Les$niak et
al., 2015; Alves-Bezerra and Cohen, 2017). The Coronavirus
host protein has ACC2 and a chief lipid complex, which are ar-
ranged on the mitochondrial membrane (Castle et al., 2009).
Long chain fatty acid synthesis is found in all cells and organ-
isms, serving as the universal building block of sphingolipids,
glycerophospholipids, triacylglycerols, and wax-esters (Uttaro,
2006). Similarly, three fatty acid biosynthetic pathways were
observed in different parts of Toxoplasma (Coppens et al.,
2014). From the results, this review observed the importance
of lipid synthesis in various organisms and pathways.

LIPID FUNCTIONS AND ITS METABOLISM

Lipid metabolism is involved in different active functions of
our body, such as energy storage, hormone regulation, nerve
impulse transmission, and fat-soluble nutrient transportation.
Lipids serves as an energy source with high caloric density,
providing 9 kcal of energy when compared to protein and car-
bohydrates, which can also store 100,000 kcal of energy in
our body functions without any intake of food for 30-40 days,
only requiring sufficient water (Ophardt, 2003). Biochemical
lipids are stowed in cells all over the body, in specific varieties
of connective tissue, named adipose. Lipids protect human or-
gans, such as the spleen, liver, heart, and kidneys, from dam-
age (Church et al., 2012).

Lipids that exist in the blood are absorbed through liver cells
and provide the correct concentrations to various parts of the
body. The liver plays a key and vital role in lipid metabolism
(Ophardt, 2003). The liver serves as a substitute reservoir for
storing extensive quantities of excess fat. Through prolonged
energy overload, the unspent excess energy is stored in ad-
ipose tissue and in hepatocytes in the form of triglycerides
(Huang et al., 2011). The metabolism cycle is extended to the
citric acid cycle, the urea cycle, and the citric cycle (Arumu-
gam and Natesan, 2017).

Fatty acids are degraded via oxidation, which releases large
amounts of ATP and produces sensitive oxygen (Rosca et al.,
2012). The glycerolipids biosynthesized through snglycerol-
3-phosphate dominate in the liver and adipose tissue (Athen-
staedt and Daum, 2006). This review observed various useful
metabolic functions of proteins enabling an understanding of
metabolic disorders (Huang and Freter, 2015; Trebaticka et
al., 2017; Musso et al., 2018; Yan and Horng, 2020).
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LIPID METABOLISM DISORDERS

Increasing or decreasing levels of lipids cause various
health effects in the human body, which are called disorders.
These types of disorders usually increase triglyceride, LDL,
or both lipid levels. The body requires the useful fatty acid
HDL, which helps to transport bad cholesterol out of the body.
Similarly, the accumulation of bad and unwanted lipids, such
as fatty LDLs and triglyceride, damage the arteries and have
serious consequences for cardiovascular health. Recently,
Xiao et al. (2021) published an article on inherited complex
lipid metabolism disorders, stating that over 80 diseases have
been identified as complex lipid metabolism defects. They
reviewed the physiological role of lipid metabolism in health
disorders, which defines various metabolisms, such as nonly-
sosomal sphingolipids, acylceramides, etc. Lipid metabolism-
based disorders were classified into five types by Fredrick-
son’s, based on the pathway and health effects (Quispe et
al., 2019). When compared to a lower level of lipids, a higher
amount of lipid accumulation in the body causes more health
disorders, which is known as hyperlipidemia (Natesan and
Kim, 2021). Hyperlipidemia refers to a group of serious lipid
disorders caused by an abnormally high level of unwanted lip-
ids in the blood (Verma, 2017). The Verma'’s review classified
hyperlipidemia based on the lipid type (Fig. 1) (Verma, 2017).
Verma (2017) reviewed Fredrickson’s familial disorders classi-
fications, symptoms, and treatments for each kind of disorder
(Fredrickson and Lee, 1965).

The discrete lipid metabolic disorders classification varies
based on concentrations of classes of lipoproteins, and sev-
eral disorders are now observable with structural defects in
the presence or absence of apolipoproteins and lipid transfer
proteins, respectively (Schonfeld, 1990).

The peroxisome proliferator-activated receptors are a type
of lipid, which are also called nuclear fatty acid receptors, that
have been associated with playing a vital role in obesity con-
nected to metabolic diseases like coronary artery disease,

Hyperlipidemia

Based on the B:::;r:;"
type of lipid factor
’—l—|
- - Familial Acquired
yper s (Primary) (Secondary)
cholesterolemia triglyceridemia hyperlipidemia hyperlipidemia

Fig. 1. Classifications of lipid metabolism disorders based on the
nature of lipid and factors.

Table 1. Descriptive classification of the dyslipoproteinemias

hyperlipidemia, and insulin resistance (Azhar, 2010). The
peroxisome proliferator-activated receptors involving regu-
lated pathways that control various lipid disorders were also
reported for medical treatment purposes (Lee et al., 2003). In
addition, various lipid metabolism disorders, such as bone re-
lated disorders, osteoporosis, and atherosclerosis, are major
worldwide health problems for postmenopausal females (Bag-
ger et al., 2006). The hypothetical evidence proposes a rela-
tionship between lipid metabolism and bone, which are mutu-
ally regulated (Tian and Yu, 2015); however, some conflicting
results were observed, which require some Chinese human
subjects. Myopathy and the severity of carnitine deficiency
are caused by the excessive accumulation of lipid droplets on
muscle fibers (Di Mauro et al., 1980). Metabolic systems of
lipids or lipid abnormalities cause various disorders and dis-
eases. Furthermore, excess lipid storage in the body causes
a variety of disorders, including xanthoma, Bassen-Kornzweig
syndrome, methylmalonic acid blood test, chylomicronemia
syndrome, familial lipoprotein lipase deficiency, Niemann-Pick
disease (NPD type-A and NPD type-B), methylmalonic aca-
demia, GM1 & GM2 gangliosidoses, Gaucher disease, Aside
from these, the more serious consequences are cardiovascu-
lar disorders and diabetes, both of which had no symptoms
at the time. Nowadays, these are the major health issues in
the digital world. The most common causes of acquired hy-
perlipidemia are diabetes mellitus, alcohol consumption, hy-
pothyroidism, renal failure, nephrotic syndrome, and continu-
ous use of diuretics, estrogens, and p-blockers (Stone, 1994;
Reckless and Lawrence, 2003).

CLASSIFICATION OF LIPID METABOLISM
DISORDERS

The best way of classifying lipid metabolism disorders is de-
scriptively (Table 1), based on the changes in concentration of
the various types of lipids. LDL hypercholesterolemia is distin-
guished from mixed hyperlipoproteinemia, hypertriglyceride-
mia, and an isolated reduction in HDL cholesterol. All of these
lipid metabolism disorders can be associated with elevated
lipoprotein(a). The treatment of the individual lipid metabolism
disorders is described below.

EXCLUSION OF SECONDARY LIPID METABOLISM
DISORDERS

Secondary lipid metabolism abnormalities can cause a
variety of illnesses. Diabetes mellitus, hypothyroidism (LDL
hypercholesterolemia), renal illnesses (hypertriglyceridemia,
mixed hyperlipoproteinemia, lipoprotein elevation), and cho-
lestatic liver disorders are the most common clinically. Lipid

LDL hypercholesterolemia Hypertriglyceridemia Mixed hyperlipoproteinemia Low HDL
Cholesterol Increased Increased Increased Unchanged
Triglycerides Unchanged Increased Increased Unchanged
LDL cholesterol Increased Unchanged Increased Unchanged
HDL cholesterol Unchanged Decreased Decreased Decreased
https://doi.org/10.4062/biomolther.2021.122 5908



metabolism disorders have also been found in the setting
of other illnesses (e.g., lymphoma, Cushing syndrome, and
porphyria). When the lipid metabolism problem is a second-
ary manifestation, the primary emphasis of treatment should
be on the underlying iliness. People with chronic diabetes or
renal iliness are frequently outliers to this rule, because ad-
equate control or eradication of the underlying disease is not
accomplished, and they exhibit symptoms of both primary and
secondary lipid metabolism problems.

LIFESTYLE MODIFICATION

Lifestyle changes are important in the treatment of lipid
metabolism problems. Regardless of the treatments used,
the decrease in high LDL cholesterol concentrations seldom
exceeds 10% (Malhotra et al., 2014). The biggest impact is
obtained by reducing the consumption of saturated fatty acids,
namely animal fats. Because the influence of orally ingested
cholesterol is small, the current recommendations in the Unit-
ed States do not advise limiting cholesterol consumption at all.
Lifestyle modifications, alone or in conjunction with changes
in lipid concentrations, have a significantly larger effect on hy-
pertriglyceridemia. Severe limits on alcohol consumption and
a reduction in the intake of quickly absorbed carbohydrates
can reduce triglyceride levels by more than 50% (Hegele et
al., 2014). Regular exercise also increases the lipid profile.
Even if the effect on lipid concentration is modest in certain
situations, lifestyle changes might have a positive influence
on the risk profile. In high-risk individuals, for example, a Medi-
terranean diet supplemented with extra olive oil or almonds
results in a 30% reduction in relative risk (Estruch et al., 2013).
Surprisingly, consuming nuts lowers LDL cholesterol; thus, it
is debatable that at least some of the risk reduction is due to a
beneficial impact on the lipid profile (Wu et al., 2014).

LDL HYPERCHOLESTEROLEMIA

According to European recommendations, the target con-
centration of LDL cholesterol should be determined by the
total risk. If lifestyle changes alone are insufficient to achieve
this aim, statin medication is the initial step in medical therapy.
If the goal LDL cholesterol level is not reached after 4 to 6
weeks of therapy, the dose should be modified. In high-risk
individuals, both lifestyle changes and statin therapy should
begin at the same time (Catapano et al., 2011). According to
the results of the IMPROVE-IT trial, ezetimibe should be ad-
ministered if statin therapy alone fails to attain the target LDL
cholesterol concentration. If the combination of a statin and
ezetimibe is still ineffective, PCSK9 antibodies might be used.
Patients with atherosclerosis and resistant LDL hypercholes-
terolemia might be treated with frequent lipid apheresis as a
last option.

In Germany, other statins (lovastatin, fluvastatin, pravas-
tatin, rosuvastatin, pitavastatin) play a limited role. Fluvastatin
and pravastatin have lower side effect rates than atorvastatin
and simvastatin; thus, they can be used in individuals who
cannot take the latter (Stroes et al., 2015). Rosuvastatin has
a very potent LDL cholesterol-lowering effect; however, pa-
tients in Germany must bear a portion of the expenditure.
Acute coronary syndrome (ACS) is a unique condition. Ini-

Natesan and Kim. Lipid Metabolism

tial research indicates that extremely early high-dose statin
treatment improves the prognosis of ACS patients (Cannon et
al., 2004). The most probable reason is that LDL cholesterol
has no effect on endothelial function (Sparrow et al., 2001).
In the meantime, however, these findings are being viewed
with caution. Nonetheless, most recommendations suggest
that patients with ACS begin therapy with a high-dose statin.

MIXED HYPERLIPOPROTEINEMIA

Because of its strong connection with metabolic syndrome,
mixed hyperlipoproteinemia, characterized by elevated levels
of both LDL cholesterol and triglycerides, is the most common
lipid metabolism disease in diabetics (Wu and Parhofer, 2014).
In this case, too, the primary therapeutic objective is to keep
LDL cholesterol levels in check. The essential measure in the
treatment of hypertriglyceridemia is a change in the patient’s
lifestyle. If the combination of lifestyle changes and statin
medication does not achieve the desired concentrations, or at
least normalize the triglyceride level, combined medical treat-
ment may be explored (Hegele et al., 2014). In theory, statins
can be used with omega-3 fatty acids or fibrates, although
both of these combinations have performed poorly in endpoint
trials (Kromhout et al., 2010). However, due to the poor design
of these trials, no conclusive result can be drawn, as each of
these two classes of drugs decreased cardiovascular risk in
monotherapy studies (Chaudhury et al., 2017). In our facility,
patients with very high risk and a combined lipid metabolic
problem are treated with statin + fibrate or statin + omega-3
fatty acids after all other LDL cholesterol-lowering options
have been exhausted. Without comparative research, neither
of these two therapies can be favored over the other. It may
be advisable to test both combinations and then stick with the
one that is best tolerated and produces the greatest results.

HYPERTRIGLYCERIDEMIA

Triglyceride levels are frequently much higher than normal
in isolated hypertriglyceridemia, whereas LDL cholesterol lev-
els are modest. Total cholesterol levels might be high. Isolated
hypertriglyceridemia, like mixed hyperlipoproteinemia, typi-
cally responds favorably to lifestyle changes. Moreover, there
is no way to predict whether a specific patient will react well or
poorly. Because no compelling studies have been published,
there is no agreement on when medical therapy should begin
(Yuan et al., 2007). However, the threshold is lower among
people at high risk of atherosclerosis than when hypertri-
glyceridemia is detected accidentally in an otherwise healthy
person. A fibrate can be administered if the triglyceride level
remains above 400 mg/dL (4.6 mmol/L), after the application
of lifestyle modification strategies. Fenofibrate and gemfibrozil
appear to be the best alternatives. Alternatively, omega-3 fatty
acids can be administered alone or in combination, as nec-
essary (Hegele et al., 2014). Statins are typically ineffective
in isolated hypertriglyceridemia since LDL cholesterol is fre-
quently already extremely low at the start. Patients with known
atherosclerosis should get a modest dosage of statin regard-
less of LDL cholesterol levels.

There is general agreement that if the triglyceride level
stays above 400 mg/dL (4.6 mmol/L) despite implementation
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of lifestyle modification measures, a fibrate can be given. The
best options seem to be fenofibrate or gemfibrozil (positive
endpoint studies; should not be combined with statins). Alter-
natively, omega-3 fatty acids can be given, in combination if
indicated (Hegele et al., 2014). Statins are generally of little
use in isolated hypertriglyceridemia, because the LDL choles-
terol is often already very low at the outset. Clients with known
atherosclerosis should be given a modest dose of statins, re-
gardless of LDL cholesterol levels.

SYMPTOMS OF HYPERLIPIDEMIA

In general, hyperlipidemia disorders do not have any no-
ticeable symptoms, but they are regularly exposed by the
health monitoring process or by routine examination and
will cause a stroke or a heart attack if it reaches a danger-
ous stage. Patients with more than the maximum cholesterol
level in the blood will be affected by xanthomas. In this disor-
der, cholesterol deposits itself under the skin and in the eyes
(Shattat, 2014). A raised level of triglycerides was reported at
the same time, causing numerous pimples in diverse sites of
the patients’ bodies. Familial hypercholesterolemia is a com-
mon autosomal-related disorder caused by elevated LDL cho-
lesterol levels at birth. It also causes premature coronary ar-
tery disease and requires initial diagnosis to avoid expensive
generic pharmacotherapy (McGowan et al., 2019).

CARDIOVASCULAR DISORDER OR DISEASE (CVD)

According to healthcare providers, the well-established
stage of lipids in the body causes risk factors for CVD, and
the analysis of lipid-screening test results plays a critical role
in CVD risk assessment. The Framingham Risk Score is the
most widely used authenticated lipid-screening technique
(Nelson, 2013). CVD, or coronary heart disease, causes se-
rious health issues, such as heart attack, heart failure, and
stroke (Joynt et al., 2003). CVD is caused by chronic inflam-
matory atherosclerosis, which develops gradually in the hu-
man body over several years. The CVD risk factor dyslipid-
emia is related to lipid metabolism and is affected by genes
and proteins. Computed tomography investigations on vari-
ous lipid molecules, such as cholesteryl ester transfer protein,
lipoprotein lipase, polymorphisms of paraoxonase 1 and 2,
and hepatic lipase, were used to measure the relationship be-
tween CVD and lipid metabolism. The Diabetes Heart Study
included 620 European American volunteers, with 83% having
type 2 diabetes mellitus. The results revealed that the Q192R
variant of paraoxonase 1 and rs285 of lipoprotein lipase were
linked with carotid artery calcium (p=0.002 and 0.005, respec-
tively) and paraoxonase-2 S311C was connected with coro-
nary artery calcium (p=0.037), which was proven by Burdon et
al. (2005). Goldberg et al. (2012) reported the lipid metabolism
effect on the heart, observing that excess lipid accumulation
causes severe chest pain by obstructing blood flow, reducing
oxygen flow and resulting in a heart attack.

CVD kills one out of every three women. Sex-specific data
concentrated on cardiovascular disease has been growing
steadily. The average lifetime is reduced due to CVD in wom-
en who are at an age of approximately 50 years (=<40%). How-
ever, significant causes of CVD are depicted in Fig. 2 (Garcia
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et al., 2016).

DIABETES MELLITUS

Diabetes mellitus is another disorder caused by lipid me-
tabolism that necessitates a continuous health monitoring
strategy for long-term survival (Amalan and Vijayakumar,
2015). The impact of insulin on lipid metabolism, which is in-
fluenced by diabetes, may be measured in four different ways
(Saudek and Eder, 1979). The proposed mechanism exposed
the negative and positive effect on insulin in the regulation of
triglyceride metabolism.

Lipid metabolism is altered and changes are observed dur-
ing Gestational Diabetes Mellitus and the normal pregnancy
period. Hepatic and adipose metabolism alters the concentra-
tions of triacylglycerols, cholesterol, phospholipids, and fatty
acids (Amalan et al., 2015). Then, in the first 8 weeks of preg-
nancy, there is a preliminary decrease, followed by a gradual
increase in the majority of the fatty acid or lipid concentrations.
At the same time, the higher concentrations of estrogen and
insulin resistance are believed to be accountable for the hy-
pertriglyceridemia of pregnancy (Butte, 2000). Their research
on pregnant women with GDM has revealed that diet control
and exercise have managed their diabetes.

Diabetic dyslipidemia is a collection of many irregularities in
fat, both LDL and HDL intolerance levels. This pattern of lipo-
protein deviations is extremely atherogenic and is associated
with a rise in plasma triglyceride levels. The clinical irregulari-
ties take place at a range of plasma triglyceride levels, which
represent the upper normal range or mild hypertriglyceridemia
(>1.5 mmol/L). In clinical practice, this means that triglyceride
levels should be maintained as low as possible in non-insulin
dependent diabetes mellitus patients (Taskinen et al., 1996).

An experimental report on the regulation of lipids with
glucose metabolism in the post absorptive and postprandial
conditions in six subjects (selective patients or volunteers)

Diabetes
Auto
Hyper i
immune
-tension

~ disease
R —_— Breast
Obesity cancer

treatment
/ \
i Depression
delivery

Fig. 2. Various reasons for cardiovascular disorders by lipids stor-
age related metabolic actions.



Lipid disorders

Control
mathods

Regular
exercise

Fig. 3. Methods of controlling lipid disorder.

Table 2. Anti-lipidemia drugs and their mechanism with side effects
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with insulin-treated diabetes mellitus, matched with eight non-
diabetic volunteers or subjects, involved the investigation of
blood or plasma concentrations of metabolites and fluxes
across forearm and subcutaneous adipose tissue after an
overnight fast and for 6 hours after a mixed meal (3.1 MJ,
41% from fat). The observation revealed that the wider spread
of plasma (free) insulin concentrations in the diabetic group
led to a wider range of plasma non-esterified fatty acid re-
lease from adipose tissue, plasma NEFA concentrations, and
blood ketone body concentrations (Frayn et al., 1993). These
studies and reviews have confirmed lipid metabolism and its
impact on health issues in different ways.

CONTROL AND TREATMENT METHODS

These kinds of lipid-based disorders can be controlled
by various methods, such as physical methods, a controlled
food system, therapeutic lifestyle changes, drug therapy, and
proper health checkups (Fig. 3). Statins are the most potent
class of medicine used for cardiovascular diseases. Being
cholesterol-lowering drugs, statins are expected to ameliorate
the cardiovascular problem, which lowers the acute-phase

Drug Adverse effects
Statins Limiting the cholesterol formation in the liver, Gastrointestinal upset, Liver function tests may
Simvastatin, Atorvastatin inhibition HMG CoA reductase become deranged, Myalgia, myositis, muscle
Rosuvastatin symptoms
Bile acid-binding (anion All cholesterol from bile acids are reabsorbed Unpalatable taste, texture of the medication, con-
exchange) resins stipation
Nicotinic acid and derivatives  Reduce lipolysis and the availability of free fatty Gastrointestinal disturbance,Vomiting, dyspepsia,

acids.
Omega-3 fatty acid

Competitively block triglyceride synthesis

headache and dizziness
Gastrointestinal disturbance, prolonged bleeding
time
Depression, anxiety, indigestion
Headache, rashes, gastrointestinal symptoms
Depression, anxiety, alopecia

Mevastatin Lowers LDL-C concentration

Lovastatin Same as above

Pravastatin Same as above

Clofibrate Lowers serum TG. concentration

Gemfibrozil Lowers plasma TG by 40-55%

Fenofibrate Lowers plasma LDL-C concentration and rise
HDL-C concentration

Ciprofibrate Same as above

Benzafibrate Supresses endogenous chol and TG synthesis

Simfibrate Lowers Chol and TG concentration

Etofibrate Lowers VLDL and LDL concentration

Probucol Lowers plasma Chol by 10-15%

Neomycin Same as above

B-Sitosterol Same as above

Dextro Thyroxin
Aminosalicylic acid
Tiadenol
Sorbinicate
Cholestyramin
Colestipol

Lowers plasma LDL-C concentration
Same as above

Lowers plasma Chol level

Lowers Chol and TG plasma level

Binds bile acid resulting Chol catabolism
Lowers plasma LDL-C levels

Nausea, diarrhoea, arthralgias
Abdominal pain, nausea, diarrhoea
Nausea, constipation, skin rashes

Constipation, skin rashes
Myalgia, diarrhoea, skin rashes
Skin rashes, nausea, myalgia
Flushing

Flatulence, eosinophilia, paresthesia
Malabsorption diarrhoea
Laxative effect, vomiting
Serious cardiac toxicity
Steatorrhea

Nausea

Malabsorption

Nausea, indigestion

Nausea, constipation

This shows a list of anti-lipidemia drugs and their mechanism in fat or cholesterol control at different parts of body using different metabolic
chemicals along with drugs side effects.
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proteins (Pahan, 2006). Table 2 shows some anti-lipidemia
drugs, as well as their mechanisms and side effects (Waller
and Waller, 2014; Dias et al., 2018).

CONTROL OF SATURATED VS. UNSATURATED
FATTY ACIDS (FAS)

The amounts of saturated FAs incorporated in cell mem-
brane phospholipids change, depending on the source of FAs,
de novo lipogenesis, or external lipid absorption. The lipogen-
ic process raises the saturation level of cell membranes with
saturated and monounsaturated fatty acids (MUFAs) (Yue et
al., 2014; Fernandez et al., 2020), which are less susceptible
to lipid peroxidation than the polyunsaturated acyl chains (PU-
FAs) acquired mostly via food. In this approach, de novo lipo-
genesis helps to make cancer cells resilient to oxidative stress
and chemotherapy (Rysman et al., 2010).

Nonetheless, an excess of saturated FAs in cell membranes
might cause lipotoxicity. In this context, SCD1 inhibition pro-
motes endoplasmic reticulum (ER) stress and death in cancer
cells and reduces tumor development in colon and lung can-
cer xenograft models. The core regions of tumors are sub-
jected to hypoxia and decreased nutritional availability during
tumor development. Tumors have evolved several techniques
for balancing the amounts of saturated vs. unsaturated FAs
and anticipate lipotoxicity by increasing MUFA/PUFA absorp-
tion from plasma, which is then stored in lipid droplets (LDs) or
integrated into phospholipids at the cell membranes. Because
SCD1 activity requires oxygen, certain cancers rely on the
activity of diglyceride acyltransferase (DGAT) during hypoxia
to integrate MUFAs into triglyceride (TG), which is then de-
posited into LDs (Fernandez et al., 2020). Furthermore, can-
cers regulate the amounts of saturated vs. unsaturated FAs
in phospholipids at the cell membranes via the Lands cycle.
Recently, a mechanism known as ferroptosis has been identi-
fied, which is related with high amounts of MUFA/PUFAs in
cell membrane phospholipids, causing cell death by oxidation
via the Fenton pathway. Long-chain FA acyl CoA synthetases
(ACSLs), which are involved in long chain FA activation, may
regulate ferroptosis, because different isoforms employ dif-
ferent substrates. Conversely, although ACSL4’s major sub-
strates are PUFAS, such as AA, ACSL3 may activate both
MUFAs and PUFAs, allowing for better regulation of PUFA
buildup in phospholipids (Alwarawrah et al., 2016). Further-
more, ACSL3 provides for better regulation of FA distribution
between LD storage and fatty acid oxidation (FAO), allowing
for better management of oxidative stress.

CURRENT TREATMENT MODALITIES

A variety of novel methods for the treatment of lipid me-
tabolism diseases have been explored. Proprotein convertase
subtilisin/kexin type 9 (PCSK9) antibodies are particularly sig-
nificant (Stein et al., 2013). Even in individuals who have pre-
viously had combination statin and ezetimibe treatment, these
medicines can result in a 50 to 60% decrease in LDL choles-
terol (Blom et al., 2014). PCSKO9 antibodies have just a little ef-
fect on triglyceride and HDL cholesterol concentrations. They
do, however, reduce lipoprotein(a) levels by up to 30% (Raal
et al., 2014; Parhofer, 2016). Until the endpoint comprehen-
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sive research is completed and published, PCSK9 antibodies
can only be given to carefully selected patients, such as those
with known atherosclerosis and prominent LDL hypercholes-
terolemia who cannot be treated by other means due to their
levels being too high or who are unaware of statins.

CONCLUSION

Hyperlipidemia, a major cause of coronary heart disease,
diabetes, and cancer, is prevalent throughout the world. Nu-
merous studies and reviews have been reported on metabo-
lism, the causes of lipid-based disorders, and the effects of
fatty acids. Despite the fact that many drugs are available on
the market, society continues to face problems as a result of
CVD. To minimize the risk of cardiovascular related heart fail-
ure, heart attacks due to hyperlipidemia need novel drugs that
can decrease lipids such as cholesterol and triglycerides in
the blood. This review mainly focuses on compiling reports
on lipids, metabolism, CVD, and diabetes related issues. Still,
there is no complete report on lipid metabolism disorders and
drug discovery. As a result, this review has been launched with
only the most basic reports for further investigation.
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