Articles k

“Recent Advances in the Understanding and Management
of Hyperlipidemia: A Comprehensive Review”

Richa Chandra?, Pratima Katiyar?, Kalpana Kushwaha?*
1School of Pharmaceutical Sciences, Chhatrapati Shahu Ji Maharaj University, Kanpur, U.P, India
ZFaculty of School of Pharmaceutical Sciences, Chhatrapati Shahu Ji Maharaj University, Kanpur, U.P, India
3Faculty of School of Pharmaceutical Sciences, Chhatrapati Shahu Ji Maharaj University, Kanpur, U.P, India

Correspondance: Dr. Kalpana Kushwaha, PhD, Faculty of School of Pharmaceutical Sciences, Chhatrapati Shahu
Ji Maharaj University, Kanpur, U.P, India
Email: kalpanakushwaha@csjmu.ac.in

ABSTRACT

Hyperlipidemia has historically been an abnormal condition in which plasm lipoproteins carrying
triglycerides, cholesterol, and phospholipids increase to their normal range. This elevation in
lipoproteins leads to the risk of cardiovascular diseases including stroke cardiac arrest,
atherosclerosis, and other metabolic disorders. It lowers levels of High-Density Lipoprotein while
raising Low-Density Lipoprotein levels. There are two forms of hyperlipidemia, Primary and
Secondary. The main contributory factor of Primary hyperlipidemia is a genetic disorder called
familial, and Secondary hyperlipidemia is due to health conditions like hypothyroidism, obesity,
diabetes, long-term alcohol use, and beta-blockers medication use. This medical condition can be
managed by a change in lifestyle in combination with pharmacotherapy to control lipid levels.
Additionally, with conventional treatment, drug delivery technique innovation has a major
influence on hyperlipidemia treatment. This review article focuses on this disease and various
forms of hypolipidemic drugs and also covers topics including symptoms, pathophysiology, risk
factors, and management. Treatment and prevention strategies include diagnosis, prescribed
medication, increased physical activity, eating a healthy diet, monitoring, medical therapy, and
reassessing. There has been discussion of recent advancements in new research on diagnosing
and managing this disorder. Future directions, for novel drug technology are discussed as well to
provide more ideas for improving the safety and treatment of patients.
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INTRODUCTION

Traditionally, hyperlipidemia has been defined as an unusual condition in which lipoproteins
that carry cholesterol or triglycerides exceed a random normal limit [1]. It significantly affects
atherosclerosis and is recognized as a primary risk factor for coronary diseases [2]. A metabolic
disorder known as hyperlipidemia affects the serum lipid and lipoprotein profile due to a
guantitative rise in the net levels of total cholesterol (TC), triglycerides (TAG), very low-
density lipoproteins (VLDL-C), and low-density lipoprotein cholesterol (LDL-C), and a
corresponding decrease in the blood circulation's concentrations of high-density lipoproteins
[3].
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This is an intricate set of disorders classified as primary or secondary based on etiology.
i)Primary hyperlipidemia (Familial hyperlipidemia):

This, commonly referred to as familial hyperlipidemia, is believed to be caused by genetic
abnormalities. It can be classified as polygenic, stating the condition arises from several gene
defects, or monogenic, suffering from a single gene defect. Distinguishing primary
hyperlipidemia can be achieved via searching into specific abnormal lipoprotein patterns,
which can be summed up as listed below:

— Type I: Abnormal triglyceride levels and high cholesterol.
_ Type II: Balanced triglycerides with hypercholesterolemia
— Type IlI: Increased triglycerides and cholesterol levels.

” Type IV: Excessive uric acid, atheroma, and fats.

— Type V: Triglycerides that are higher than normal.

i) Secondary (Acquired hyperlipidemia):

It can occur as a result of other medical disorders such as diabetes, glomerular syndrome,
persistent alcoholism, hypothyroidism, and the use of drugs such as beta-blockers,
corticosteroids, and oral contraceptives. When there is significant hypertriglyceridemia and
subsequent hyperlipidemia, pancreatitis may develop. If there is notable hypertriglyceridemia
and secondary hyperlipidemia, pancreatitis can develop [4].

Causes of HL

A lifestyle that is high in fat (more than 40% of caloric intake), elevated levels of saturated fats
(10% of caloric intake), increased cholesterol (more than 300 mg/day), or treatable medical
conditions are the main causes of hyperlipidemia (HL). Abnormal levels of cholesterol are
because of a diet high in fat, excessive alcohol consumption, being overweight, inadequate
physical activity, and smoking, along with other unhealthy habits. Additional contributory
factors include pregnancy, diabetes, polycystic ovarian syndrome, renal disease, and
underactive thyroid gland [5]. Additional causes that hyperlipidemia occurs

* Obesity.
 Genetic or inheritance.
» Smoking.

« Beta-blockers, estrogen, and corticosteroids are among the medicines that can increase the
risk of hypertriglyceridemia.

» Kidney failure, hypothyroidism, alcohol, steroids, etc.
« Little or no physical activity [6]
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Symptoms of Hyperlipidemia
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Figure 1: Symptoms of hyperlipidemia

Routine blood tests help individuals recognize they have hyperlipidemia, even though the
condition might not show obvious signs or symptoms. Patients may generally experience chest
pain, athermanous plaques in blood vessels, abdominal pain, spleen hypertrophy, hepatic
enlargement, cardiac issues, and stomach pain [7].

PATHOPHYSIOLOGY

High cholesterol levels can cause plague to accumulate and form in the vessel walls, which
may result in atherosclerotic cardiovascular disease [8]. Three different phases are commonly
used to categorize the pathophysiology of atherosclerosis: the early stages, its progression, and
its consequences. LDL or bad cholesterol has an extensive effect during the initial stage [9].
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Based on existing research and reviews, endothelial damage to blood vessels is the cause of
hyperlipidemia. This damage leads to nitric oxide loss at the region of injury, increased
inflammatory activity around the afflicted location, and lipid accumulation in the lowest layer
of the endothelium wall, where macrophage cells engulf the lipids and produce what is known
as a foam cell containing cholesterol [10]. Necrosis, apoptosis, and mitochondrial dysfunction
will occur from forming foam cells. Smooth muscle cells encircling the foam cell concurrently,
prevent the foam cells from deteriorating and resulting in fibrotic plaque. In addition, Plaque
rupture and thrombosis are spurred through tissue factors that activate platelet activity. Plaque
can form gradually, causing stenosis in blood vessels, or rapidly, occluding blood vessels. Lipid
plaque continues to be the main factor in the occurrence of CVD and the declining state of
patient health in both scenarios. Patients suffering hyperlipidemia can additionally have
dysfunction of the tendon, specifically the patellar tendon, in addition to cardiovascular disease
(CVD). This is because, over time, hyperlipidemia releases an increased quantity of
macrophages. Over time, hyperlipidemia causes tendons to become more inefficient and more
susceptible to damage because it increases the amount of macrophages in the tendon tissues,
which break down the collagen fibers and replace them with lipids [11].

Plague
deposition

Figure 2: Plaque buildup in the vessel walls can result in cardiovascular diseases.

Lipid abnormalities: Lipid levels can rise or fall which causes several kinds of health
problems affecting the body that are referred to as diseases. These medical conditions, usually
result in increased triglyceride, low-density lipoprotein (LDL), or lipid levels. HDL, a good
fatty acid, is required for the body because it helps the body eliminate bad cholesterol. In the
same way, triglycerides and other undesirable fats like fatty LDLs build up and cause damage
to the arteries, which has a major impact on cardiovascular health. When compared to a lower
level of lipids, a higher amount of fat buildup in the body, known as hyperlipidemia, causes
more health problems (Natesan and Kim, 2021). The term "hyperlipidemia” describes a class
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of severe lipid diseases brought on by an unusually high blood level of undesirable fats (Verma,
2017). It categorized hyperlipidemia according to the type of lipid. Moreover, the body's
excessive accumulation of fat leads to several diseases. Diabetes and cardiovascular diseases,
both of which were asymptomatic at the time, are among the most harmful outcomes. These
health problems are currently the most prevalent in the digital world.

Role of Lipoproteins in Cholesterol Transport and Metabolism: Major lipoprotein variants
that are important for the bloodstream's transportation and metabolism of cholesterol and other
lipids:

1. Chylomicrons

2. VLDL (Very-Low-Density Lipoproteins)
3. LDL (Low-Density Lipoproteins)

4. HDL (High-Density Lipoproteins)

RISK FACTORS

Numerous risk parameters, such as age, gender, and genetic predisposition to the disease, are
linked to cardiovascular disorders. A positive family history of cardiovascular disease (CVD)
or instances of early CVD manifestation in the family are examples of major risk factors. There
are several risk factors for atherosclerotic cardiovascular disease (ASCVD), and these can be
further divided into modifiable and non-modifiable. Additional problems that are classified as
nontraditional risk factors and are linked to the development of early atherosclerosis include
hypothyroidism, HIV infection, congenital cardiac abnormalities, cardiomyopathy, organ
transplantation, chronic renal diseases, and bipolar and depressive disorders in adolescents
[14].

a) Primary Hyperlipidemia

Familial Diseases of Lipoproteins: It is possible to develop a familial plasma elevate for, any
of these lipoprotein components. Most of the cause is inherited. Familial hypercholesterolemia
is the most prominent type of this condition (FH). In the years ahead, research will increasingly
use recombinant DNA technology and site-specific mutagenesis to uncover the distinct
functions of apolipoproteins in lipoprotein metabolism plus the relationships between function
and its related structure [15].

Family History: Based on a natural history study, 50% of men and 25% of women with FH
are expected to have had clinical CVD by the time they are 50 years old due to elevated LDL-
C levels. A family history of cardiovascular disease is a major risk factor for the condition
[16,17]. According to research, between 25 and 55% of children have a family history of early-
onset CVD, so individual lipid monitoring is recommended [18,19].

b) Secondary Hyperlipidemia
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Physical Inactivity: Inactive activities are related to elevated blood lipid levels, according to
recent studies. Furthermore, watching too much television leads to lower HDL-C and higher
TG, most likely because it utilizes less energy. Exercising significantly enhances blood
pressure, lipid profile, insulin sensitivity, serum glucose levels, and cardiorespiratory fitness
[20,21].

Dietary: In most civilizations, the price of foods that are rich in energy is often less than that
of foodstuffs lower in energy, like fruits and vegetables [22]. Studies demonstrate that when
individuals live in urban areas, their energy consumption doubles. This is mostly because, in
comparison to those who live in rural regions, these individuals consume more fruits and
vegetables, less whole grain foods and fiber, and more fats of all types [23]. Certain dietary
changes may increase the prevalence of obesity and have a major effect on people's overall
health and well-being of an individual.

Obesity: The body's excessive fat buildup and uneven distribution, usually coupled with
metabolic dysregulation, are the hallmarks of obesity. Apolipoproteins are essential structural
components in the development of dyslipidemia, a disorder characterized by abnormal lipid
levels that are commonly associated with obesity. Apolipoproteins notably impact energy use,
inflammatory responses, and lipid metabolism—all of which lead to the emergence of obesity
[24]. Although there is some variation, being overweight correlates with elevated lipid levels
and is a substantial risk factor for hyperlipidemia [25]. Following the identification of
secondary hyperlipidemia reasons that could worsen atherosclerosis, children should also be
examined for dyslipidemia [26].

Age: Lipid metabolic enzymes undergo significant modifications by aging and are regulated
through multiple longevity-related processes. Since lipids act as signaling molecules, they also
actively regulate lifespan and health span. It was found that people over 75 years of age have
increased HDL concentration in a study involving 2128 participants [27].

Lifestyle factors: In addition to age, ethnicity, lower family income, and a lower educational
level, poor access to public health care is linked to weight gain and an increased risk of CVDs
[28,29]. Poor lifestyle habits include smoking, consuming alcohol, not exercising, getting little
to no sleep, and eating poorly [30]. Being stressed at work has also been overlooked as a risk
factor for CVDs. Certain government employees, like police officers and firefighters,
constantly manage demanding workloads, shift rotations, late-night shifts, and unpredictable
work schedules [31,32]. Atherosclerosis and cardiovascular diseases are often led by prolonged
exposure to stressful conditions and crises. Research results demonstrated that lifestyle habits
(such as drinking alcohol, smoking, and betel nut chewing) were strongly correlated with the
risks of hyperlipidemia.

Smoking- Cigarette smoking has been identified as a separate, controllable risk factor for
CVDs and atherosclerosis. It should be noted that additional investigation is needed to
determine how exposure to environmental tobacco smoke (ETS) and perceived psychosocial
work stress interact to cause hyperlipidemia.
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Alcohol consumption- A 2017 observational study including 7,641 Europeans aged 50 and
older observed low HDL or high triglyceride levels were present in 1,591 (20.8%) of the
participants. Additionally, these patients were more likely to have type 2 diabetes mellitus,
obesity, and alcohol use beyond the advised weekly limit. Of those with increased TG and low
HDL, 55% did not receive lipid therapy [33].

CLINICAL MANIFESTATION

Hyperlipidemia induces the body's production of free radicals to increase rapidly, which in
response encourages the emergence of other pathological diseases. Risk factors include
coronary heart disease, myocardial infarction, stroke, heart attacks, cerebrovascular disorders,
and the emergence of diabetes [34].

The main focus of treatment for individuals with hyperlipidemia is to reduce their risk of
developing ischemic heart disease and any subsequent cardiovascular or cerebrovascular
disorders [35]. A disorder identified as hyperlipidemia develops when the blood contains
excessively high amounts of lipids or fatty substances [36]. The occurrence of atherosclerosis
and its accompanying disorders, such as peripheral vascular disease, cerebrovascular disease,
cardiovascular disease, and brain strokes, are typically linked to adverse effects [37].

1] Atherosclerosis: is described as an accumulation of calcification, fibrous materials, and
lipids within the major arteries. The process of endothelium activation, which includes
inflammatory pathway activation and vessel narrowing, triggers the formation of atheroma
plaque. All of these mechanisms combine to trigger cardiovascular issues, which remain the
world's top cause of fatality [38].

When cholesterol accumulates in the arterial wall, a process known as atherosclerosis occurs,
hardening the arteries while making them narrow. Hyperlipidemia causes atherosclerosis and
indications associated with it, including peripheral vascular, cerebrovascular, and coronary
diseases [39]. Generally, a plague is composed of three parts:

- Atheroma: a yellowish, soft, fatty nodular mass in the middle of a larger plaque that contains
immune cells known as macrophages.

- A coating of crystal cholesterol

-The outermost layer which is calcified. One of the primary causes of cardiovascular disorders
is atherosclerosis [40].

2] Cardiovascular Diseases
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a) Myocardial infarction: A myocardial ischemia is a complete or partial blockage of one or
more heart arteries, obstructing blood flow and oxygen. It is often caused by the rupture of an
atherosclerotic plaque and is capable of obstructing heart cells, which can result in death [41].

b) Coronary Artery Disease: Atherosclerosis: The primary etiology of CAD, is characterized
by the buildup of excess lipids and the emergence of fibrous plaques within the arterial walls.
This process causes the arteries that provide blood to the myocardium to constrict, which
hinders blood flow and leaves the heart with insufficient oxygen to meet its needs [42].

c) Ischemic stroke or cerebrovascular accident: Stroke is the fourth most common cause of
death. Strokes usually happen when an artery in the brain is blocked by a blood clot or a piece
of atherosclerotic plaque that breaks off inside a small blood vessel. Several investigations have
discovered that a 15% reduction in total cholesterol and low-density lipoprotein levels
significantly lowers the risk of having a first-time stroke [43].

d) Peripheral Artery Disease: Complete or partial blockage of one or more of the peripheral
noncardiac, non-intracranial arteries in the upper and lower limbs is often referred to as PAD.
This obstruction can result in tissue loss or decreased blood flow [44]. Diabetes mellitus (DM)
continues to be an important risk indicator for PAD, and the prevalence of PAD in DM patients
is over two times that of the general population. Moreover, people suffering from PAD along
with DM might result in diabetic foot ulcers (DFUSs), which may trigger hyperglycaemic crises,
higher hospital admission rates, worse quality of life, and mortality.

e) Angina Pectoris: Angina is a symptom of a more severe cardiac issue rather than a separate
health illness. Chest pain, discomfort, or a squeezing feel are its defining characteristics.
Angina is mostly caused by a decline in blood flow to part or all of the heart muscle. The
condition when the coronary arteries are entirely or partially obstructed is often a sign of
coronary heart disease (CHD) due to inadequate blood flow [45].

3] Hyperlipidemia-related Complications

Acute Pancreatitis (AP): is a prominent disorder with several causes. If the condition known
as hypertriglyceridemia, which is unusual but can cause AP, becomes too severe, that may turn
deadly. AP is triggered by HTG in 1-7% of people with increased triglyceride levels [46].
Increased levels of serum triglycerides are induced by HTG, an increased VLDL, and
chylomicron level [47]. AP is attributed to an epiphenomenon called hyperlipidemia.

Cholesterol Gallstones: The latest research indicated a significant link between
hyperlipidemia and human gallstones, which links high cholesterol to gallbladder conditions
like cholesterolosis and gallstone disease [48]. An alteration in lipid metabolism, a crucial
component in the pathogenesis of cholesterol gallstones, is the primary source of the
corresponding rise in bile cholesterol levels [49]. The main components of gallstones which
consist of cholesterol are triglycerides and cholesterol. The pathophysiology of cholesterol
gallstones begins with the overproduction of cholesterol by the liver, resulting in the bile duct
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becoming saturated with cholesterol [50]. Gallstones, usually rich in cholesterol, are partially
caused by abnormal lipid metabolism. Serum lipid abnormalities would therefore signify a
potential for the emergence of cholesterol gallstones.

DIAGNOSIS

As hyperlipidemia normally shows no signs or symptoms, a blood test is needed to diagnose
it. The most prevalent screening method to detect hyperlipidemia is a lipid profile [51]. A
routine blood test measuring the levels of LDL, HDL, VLDL, and triglycerides is commonly
carried out to detect hyperlipidemia [52]. Regular lipid screening is usually recommended to
be performed when a male patient reaches the age of 35 (assuming that there are no additional
cardiovascular risk factors) or 25 (when there are other cardiovascular risk factors in the
patient). Similarly, if awoman has no other known cardiovascular risk factors, she should begin
routine lipid screening at age 45. If she has any cardiovascular risk factors, she should begin
screening between the ages of 30 and 35 [53].

The fasting lipid profile check is the main laboratory test performed, and it usually includes a
few things:

e Total cholesterol, HDL, LDL, and triglycerides.

e AVLDL, total cholesterol: LDL, HDL, and for an even more thorough examination,
HDL ratios can be added.

e To prevent altering the lipid panel outcomes (mostly the triglyceride levels), one must
avoid eating or drinking anything other than water for 9 to 12 hours [54]

MANAGEMENT

Lifestyle Modification

Dietary Changes:

Overall, a balanced diet should increase fiber intake while decreasing the consumption of
cholesterol and saturated fat [55,56]. Limiting consumption of saturated fatty acids—
specifically, animal fats—has a significant influence.

For example, among individuals with elevated risk, a Mediterranean diet supplemented with
extra almonds or olive oil lessens the related risk by 30% (Estruch et al., 2013).

It is interesting to know that eating nuts decreases LDL cholesterol, therefore it is uncertain
whether it has an advantageous effect on the lipid profile for at least part of the risk reduction
(Wu et al., 2014).
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Moderate Alcohol Consumption: Triglyceride levels can be decreased by more than 50% with
strict restrictions on alcohol intake and a decrease in the amount of fast-absorbing
carbohydrates consumed (Hegele et al., 2014).

Physical Activity:

Among the multiple, well-known benefits of physical activity are improved cardiovascular,
mental, behavioral, and musculoskeletal health. More specifically, exercise enhances blood
pressure, lipid profile, insulin sensitivity, serum glucose levels, and cardiorespiratory fitness
[60,61]. Furthermore, workouts strengthen bone density and balance, thus helping adults and
children prevent falls and injuries [62].

A recent study revealed that increased physical activity minutes were associated with improved
lipid concentrations (HDL-C and TG levels) in a dose-response manner. This finding supports
the guidance that individuals between the ages of 6 and 17 ought to indulge in at least three
days of bone- and muscle-strengthening activities in addition to 60 minutes of moderate-to-
intense activity each day [63,64,65].

Both healthy individuals and children having obesity or hyperlipidemia must participate in
consistent physical activity to improve BMI, eliminate fat in the body, elevate HDL-C, and
decrease TC, TG, and LDL-C.

Smoking: Living a healthy lifestyle and abstaining from tobacco use is advisable for an
increased lipid profile. If smoking is a current issue, starting to give up smoking may help
normalize the lipid profile [66,67].

Adopt a balanced diet Appropriate treatment following local
Stop using tobacco guidelines for

Prevent and manage overweight/obesity Diabetes

Regular exercise Hyperlipidemia

Hypertension
Consider aspirin and statins

Tablel: Strategies for managing the risk factors and treating cardiovascular disease [68,69]

Pharmacological Management

Statins: Statins, which are 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, are
the first-line treatment for hyperlipidemia. They specifically assist raise HDL-C levels and
lower TG and LDL-C levels in people with severe and familial hypercholesterolemia [70]. The
drugs most widely prescribed are pravastatin or rosuvastatin (over the age of 8), while
atorvastatin, simvastatin, or lovastatin are advised for those above the age of 10
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Cholesterol Absorption Inhibitors:

The primary purpose of ezetimibe, a cholesterol absorption inhibitor, is to lower LDL-C levels
in patients with severe or hereditary hypercholesterolemia. Gastrointestinal problems,
hepatotoxicity, and myopathy are signs of adverse effects. It hasn't been thoroughly studied as
a single-agent therapy yet, but it is frequently used as an adjuvant to other drugs [71].

Ezetimibe combined with a moderate-intensity statin should be considered as an alternative for
treating patients with acute coronary syndrome who are intolerant of high-intensity statin
therapy [72].

Fibric Acids:

Fibric acids called fenofibrate and gemfibrozil lower TG and LDL-C levels while increasing
HDL-C levels to cure hypertriglyceridemia. Perhaps taken in combination with statins.

Nicotinic Acid:

To manage familial or severe hypercholesterolemia niacin, also known as nicotinic acid,
elevates HDL-C levels by over 30% and cuts triglycerides by about 25%. The possibility of
significant adverse reactions including flushing, glucose intolerance, migraines, hepatotoxicity,
and myopathy make it uncommonly used.

Omega-3 Fatty Acids:

In cases of severe hypertriglyceridemia, fish oils, which are long-chain omega-3 fatty acids,
are used as an adjuvant by suppressing TG levels. It is not advisable to be used as an individual
therapy as it works better on adults than on children [73]

Bile Acid Sequestrants (Resins):

LDL-C levels are reduced by bile acid sequestrants or resins. Commonly, it causes
gastrointestinal complications, such as constipation, bloating, and discomfort in the abdomen.
Example- cholestyramine [74].

Personalized Treatment

Monitoring and Follow-Up

Guidelines for lipid screening, encompassing a "lipid profile” to estimate cholesterol and
triglyceride levels, have been established by multiple expert organizations.

For male patients, not having any additional cardiovascular disease risk factors, lipid screening
should be performed at the age of 35; if they do, screening should be done at age 25. If no
additional cardiovascular risk factors exist, then periodic lipid screening in females begins at
age 45. It starts between the ages of 30 and 35 if the person has extra cardiovascular disease
risk factors [75]. More frequent screening is required as a patient's risk of cardiovascular
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disease increases, and lipid screening is advised for those who are at lower risk every five years
[76].

Liver function tests should be conducted to check out liver dysfunction before using a statin
for high LDL levels, as statins could aggravate it. It's vital to always talk about improving one's
lifestyle, giving up smoking, and adopting a healthy diet. Before commencing pharmacological
therapy, it matters to analyze the positive and negative aspects of each drug.

Talking with the patient about drug side effects and being prepped to point out any potential
adverse effects or interactions from the prescription medications that the healthcare provider
has given are part of it.

To keep the patient secure and potentially stop the progression of the disease, these
professionals, their specialized fields, and the patient should have optimal interaction among
them. This will help ensure appropriate medication adherence and treatment.

Patient Education

Information about compliance with medication, undesirable effects, interactions, and the
general risks versus positive effects of the prescribed medicine must be given to the patient by
their medical professional and pharmacist. The patient should also be informed of the possible
consequences of skipping doses and alternative treatment choices.

Consideration of Risk Factors

When assessing lipid-lowering medication, the predicted 10-year risk for ASCVD
(Atherosclerotic Cardiovascular Disease) should be determined using the Multi-ethnic Study
of Atherosclerosis (MESA) 10-year ASCVD risk calculator, which incorporates the coronary
artery calcium (CAC) score [77].

One of the most important objectives of universal screening is to identify participants who have
familial hypercholesterolemia (FH). FH affects 1 in 250 people, and if the condition is not
detected and treated, patients may develop serious coronary artery disease and other
cardiovascular issues during their younger life.

Reverse cascade screening, another method of detecting the impact on the members of the
family can be made attainable by universal screening for adolescents [78].

TREATMENT
Studying Lipid-lowering Drug Benefits

Statins: They serve as the first line of treatment for cholesterol level reduction; supplementary
lipid-lowering drugs are incorporated to manage severe hypertriglyceridemia, statin
intolerance, or to improve statin efficacy. At larger doses, statins can lower LDL and
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triglyceride levels while raising HDL levels [79]. However, there have been several kinds of
side effects caused by statins, like pain in the muscles, liver damage, and type 2 diabetes [80].

Fibrates: It has been claimed that fibrates may elevate HDL by 5 to 20% while reducing
triglycerides by up to 50%. Fibrate negatively impacts clinical results even though it suppresses
lipids. They are specifically used to lessen the risk of pancreatitis and lower triglycerides [81].

Nicotinic Acid: HDL-C (high-density lipoprotein cholesterol) is raised considerably by niacin
however it is unknown if this increases the clinical results of patients treated with statins. When
Niacin is used with statins and ezetimibe, it helps to reduce LDL in those people who suffer
from very high cardiovascular risk, for instance, secondary prevention is ineffective for
someone with homozygous or heterozygous familial hypercholesterolemia [82].

PCSKO9 Inhibitors: A new class of drugs approved for lowering LDL have been identified as
PCSKQ inhibitors (proprotein convertase subtilisin/kexin type 9). It has been determined that
they can reduce LDL by up to 60% in statin users. The FDA has approved the monoclonal
antibodies alirocumab and evolocumab for use in adult patients with heterozygous familial
hypercholesterolemia or clinical ASCVD who require further LDL-cholesterol decline in
addition to dietary modifications and effectively tolerated statin therapy. In addition to
conventional LDL-lowering medications such as ezetimibe or statins, the FDA has authorized
evolocumab for use in adult patients with homozygous familial hypercholesterolemia who need
further LDL-C reduction [83].

Bempedoic Acid: By inhibiting ATP-citrate lyase (ACL) through an extended chain of acyl-
CoA synthetase-1 (ACSVL1), it acts as an upstream of HMG-CoA reductase and activates
bempedoic acid in the liver. LDL-C clearance is accelerated by the upstream action because it
aids in the upregulation of LDL-R. Additionally, bempedoic acid works well for patients who
are allergic to statin therapy since it prevents myalgias, one of the most common side effects
of statin medications. An oral medication called Nexletor can be used daily without the need
for statins and assists in lowering LDL-C [84].

Bile acid sequestrants or BAS: Colestipol, colesevelam, and cholestyramine are examples
of BAS (bile acid sequestrants) [85]. Large, positively charged, non-absorbable polymers
known as bile acid sequestrants (BAS) are medications used to treat HL. As it binds in the
colon, it stops them from being reabsorbed, potentially lowering blood cholesterol levels.
They generally produce few side effects and are well tolerated [86,87].

In the intestine, cholestyramine is the resin that bonds itself to bile acids and inhibits them
from reabsorbing into the bloodstream. Cholestyramine is available as a granule or powder
for oral administration that can be diluted with water or other liquids. Abdominal pain,
nausea, bloating, and constipation are frequently experienced adverse effects [88].

A synthetic polymer called colesevelam binds bile acids in the intestine inhibiting the
reabsorption into the bloodstream [89].
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ADrug

Statin
Rosuvastatin,
Simvastatin, and
Atorvastatin
Clofibrate

Gemfibrozil

Nicotinic acid and
derivatives

bile acid-binding (anion
exchange) resins
omega-3 fatty acid

Cholestyramine

Neomycin

The mechanism

To reduce cholesterol
Suppression of HMG CoA
reductase, and synthesis in
the liver

Reduces the level of TG in
the serum

Minimizes TG in plasma by
40-55%

Suppresses lipolysis and the
release of free fatty acids
Bile acid-derived cholesterol
is entirely reabsorbed
Significantly hinder the
production of triglycerides
Causes Chol catabolism by
binding bile acid

Decreases plasma Chol by
10%-15%

Adverse effects

Digestive disturbance, liver
Variations in function tests, muscle
stiffness, myositis and myalgia

Diarrhea, arthralgias, and feeling of
nausea

Nausea, diarrhea, and abdominal
discomfort

Headache, dizziness, vomiting,
dyspepsia, stomach disturbance
The drug’s texture, unpleasant taste,
and constipation

gastrointestinal distress, and
extended bleeding duration
Indigestion, and nauseous feeling

Diarrhea due to malabsorption

Table 2: This table presents the list of anti-lipidemia drugs and how they help to control fats
or cholesterol levels at various body parts through various metabolic pathways. It also
emphasizes the negative side effects of the treatments [90,91].

Innovation in Drug Delivery and Emerqging Therapies

Nanotechnology

Nanoparticles:

The colloidal particles with a diameter of less than 1 nanometer are called nanoparticles (NPs).
The medication is typically encapsulated, trapped, or abstracted within the NPs matrix using
polymers that can sustain drug release over time, guaranteeing drug distribution and
accumulation in the desired tissues and enhancing therapeutic benefit while reducing systemic
adverse effects [92,93].

Liposomes are lipid vesicles that resemble cells and often consist of organized phospholipid
bilayers. Non-toxicity, non-immunogenicity, sustained-release medication, extended drug
action time, altered drug distribution in vivo, improved drug efficacy, decreased side effects of
drugs, and several more are some advantages of liposomes as a drug carrier.
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With their amphiphilic traits, polymer-drug conjugates can be taken orally and are composed
of an inner drug-incorporated core and an outer dense biocompatible shell [94,95]. The outer
layer lowers absorption via the Gl tract, extending the time when the medicine is
concentrated in the bloodstream and optimizing the control of drug delivery.

Polymers may enhance the delivery of statins and their beneficial effects in CAD patients in
several ways, such as better target-specific interaction and increased oral bioavailability

[96,97].
Hydrogels:

Three-dimensional networks of hydrophilic polymers, known as hydrogels, are cross-linked
chemically or physically and have an affinity to swell, absorb, and retain a huge amount of

water [98].

Niacin is frequently used as an anti-hyperlipidemic drug because it can increase HDL and

decrease TC and LDL-Cholestrol by suppressing the formation of hepatic triglycerides [99].
The increased intestine targeting efficiency and fewer systemic side effects characterize this
efficiently controlled niacin (NA) drug delivery method.

Category Structure Drug loading Advantages Limitations
Polymeric Lipophilic core Very stable and Intravenous
nanoparticles polymer-based minimal drug toxicity
nanoparticles, leaking
Nanospheres/
Nanocapsules
Liposomes Lipid layer Chemical Excellent Hydrophilic
bonding/ physical | compatibility and | medication with
encapsulation lack of low stability and
immunogenicity | rapid leaking
Polymeric Structure It’s easy to Poor stability,
micelles generated via prepare and post-dilution
self-assembly of improve the depolymerization
the core and shell stability of a
hydrophobic
medication

Table 3: Characteristics and classification of nano-drug carriers [100,101,102].

Transdermal Delivery

Patches:
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Drug administration via transdermal approach: Effective at low plasma concentrations, low
molecular mass, excessive lipid solubility, and high rate of first-pass metabolic activity [103].

A medicine placed transdermally to the skin in the form of an adhesive patch allows a certain
amount to pass through the skin and into the bloodstream.

A controlled rate of drug delivery via skin layer penetration into the systemic circulations is
achievable with the use of the transdermal drug delivery system.

Transdermal delivery, not only allows for the continuous release of drugs with short
biological half-lives but also avoids pulsed entrance into the systemic circulation, frequently
resulting in undesirable side effects [104].

Gels:

"Nanogel" describes chemically or physically produced nanoparticles of a cross-linked
polymer [105].

Nanogels can absorb large amounts of either water or physiological fluid without changing
the networks' inherent structure.

Using polymeric nanogel as a drug carrier offers multiple benefits, including a tendency to
artificially regulate drug dosage through external stimuli, masking the unpleasant smell of the
medicine, improving therapeutic efficacy, and reducing side effects [106]. Drug delivery
systems or DDS aim to maximize the release of drugs, enhance solubility and bioavailability,
limit drug toxicity and degradation, and exhibit strong adhesion because of van der Waals
affinity. At the specific site of action, they release the active component in the precise dosage
and proportion [107].

Oral Delivery Innovations

Solid Lipid Nanoparticles:

Drug administration methods based on lipids are being used more frequently to enhance the

oral bioavailability of medications, with considerable success in raising the bioavailability of
BCS class 2 medications. The primary reasons for an elevation in bioavailability include the
drug's enhanced solubility, residence time, and lymphatic uptake [108]. Drug release can be

modulated by using solid lipid nanoparticles (SLNS).

Dispersed physiological lipids in water or an aqueous surfactant solution create solid lipid
nanoparticles, or SLNs, which are sub-micron colloidal carriers (50-1000 nm). They were
first generated in the early 1990s [109].

Mucoadhesive Systems:

The phenomenon known as bioadhesion occurs when two components, preferably biological
ones, adhere together for an extended duration due to interfacial forces. The mucoadhesion
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mechanism occurs when the adhesive polymer contacts the mucous membrane.
Mucoadhesive drug delivery systems (MDDS) are the equivalent drug delivery method.

There are several methods for administering drugs with MDDS, including the oral, buccal,
nasal, pulmonary, gastrointestinal, vaginal, and rectal routes. It offers advantages over other
formulations for the administration of proteins with a larger molecular weight and bioactives
that are prone to instability and difficult to dose because of the wide range of delivery
channels. Avoiding first-pass metabolism, better bioavailability, convenient administration,
and longer residence periods are some benefits of MDDS that result in better therapeutic
efficacy (Boddupalli et al., 2010; Alawdi & Solanki, 2021; Kumar et al., 2020).

The main aim is to treat heart-related conditions like angina pectoris, arrhythmias, and
hypertension, the mucoadhesive buccal film came into existence (Jovanovi¢ et al., 2021).

Mucoadhesive buccal systems are one example of a novel drug delivery technique that can
improve a medication's efficacy and bioavailability. Hepatic first-pass metabolism is
prevented, when medications are delivered via mucoadhesive buccal delivery methods,
increasing the bioavailability of drugs with limited oral bioavailability (Kumar et al. 2019).

Injectable Formulations:

Long-acting Injectables:

Possibly the first and only siRNA treatment that reduces LDL-C is Inclisiran. It is intended to
be administered subcutaneously by a medical professional once, then again three months
later, and then every six months thereafter. Inclisiran increases LDL-C receptor recycling and
expression on the hepatocyte cell surface, thereby stimulating LDL-C absorption by
hepatocytes and lowering LDL-C levels in circulation [114].
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Figure 3: Various forms of nano drugs carriers

CHALLENGES IN DRUG DELIVERY

Poor Drug Bioavailability

Low Solubility:

Oral distribution of therapeutic agents is often limited by inadequate bioavailability and poor
drug solubility. Nearly 40 percent of drugs generated recently have low solubility in water.
Low drug solubility has prevented many treatments from reaching the market, although it
plays a crucial role in medication formulation. These drugs also limit absorption and
bioavailability.

One of the most commonly used techniques undergoing advancement currently is the
development of nanocrystals, or nanosuspension (NS). The FDA classifies a medication as
innovative when it is reformulated for NS.

A fundamental approach for improving the solubility of medications that are not readily
soluble in water is nanotechnology. Because of their increased surface area and saturated
solubility, these drugs' bioavailabilities and rates of dissolution may be enhanced by particle
size reductions to the nanoscale [115]. Lipid-based formulations are suitable to deliver actives
that are not easily soluble in water. Drug delivery systems that self-nano-emulsify (SNEDDS)
are a potentially beneficial approach for faster and better absorption [116,117].

First-Pass Metabolism: The most widely used way of administering drugs is orally because
of its accurate dosage, patient acceptance, cost-effective production technique, and prolonged
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shelf life. Conventional tablets are normally linked to repeated daily dosing and unpredictable
drug plasma concentration because of first-pass hepatic metabolism or gastrointestinal
breakdown, which results in reduced bioavailability and brief duration of action [118].

Patients may benefit from innovative or alternative delivery routes or formulation
modifications. For example, the benefits of sublingual or transdermal drug delivery include
avoiding first-pass metabolism and being less painful (some painless techniques) [119].

Targeted Delivery

Other issues with RNA interference therapy that must be quickly addressed and improved to
enable wide acceptance in the clinic include the risk of toxicity, targeting, time effect, and
effective delivery mechanism of RNA (Navickas et al., 2016;).

To deal with delivery-related issues and completely fulfill the potential of RNAi-based
therapies, it is necessary to use safe and effective nano-delivery systems. The liposome vector
was designed to incorporate the apolipoprotein B (ApoB) siRNA (Zimmermann et al.,2006).

A different study examined the impact of a transdermal delivery method. The generated
nanotransfersomal carrier had major effects on hyperlipidemia without causing significant
liver adverse effects, whereas pure atorvastatin showed no effect on lipid profile. However,
atorvastatin nanotransfersomal substantially reduced LDL-C, triglycerides, and total
cholesterol [122].

Particularly among the most widely used and effective medications in lipid-lowering therapy
are (PCSKO9) inhibitors. These compounds reduce the production or absorption of LDL and
cholesterol and positively affect certain lipid metabolism pathways [123]. Yet, they also have
negative side effects in addition to their advantageous multiple characteristics.

As a result, the purpose of targeted therapy is to lessen the dosage of drugs that reduce
cholesterol and maintain an effect that is effective enough.

The distinct physicochemical characteristics of these nanoparticles have demonstrated
potential drug delivery systems (DDS) to the intended bodily regions [124].

Controlled Release

To sustain therapeutic levels, it is vital to accomplish controlled medication release.

Controlling the active moiety's particle size, surface characteristics, and time of release to
attain the expected proportion and dose of site-specific activity is the primary concern in
developing NP as a DDS.

In contrast to different nanocarriers, polymeric NPs have several positive aspects, including
improved controlled release features and better drug/protein stability [125].
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Traditional tablets have a brief period of action and low bioavailability due to gastrointestinal
breakdown and first-pass hepatic metabolism, which are frequently associated with repeated
daily dosing and fluctuating medication plasma levels [126]. Sustained-release tablets offer a
steady-state drug plasma level to increase the therapeutic efficacy of the drugs along with
decreasing the toxicity associated with prolonged treatment [127]. In recent years, the use of
bilayer or multilayer tablets for a combination of two or more drugs into a single dose form
has increased. There are two different medication release patterns available with these tablets:
immediate and sustained release.

PREVENTION AND PUBLIC HEALTH

Primary Prevention

Lifestyle Modification: Management for lipid metabolism disorders often involves lifestyle
modifications (Malhotra et al., 2014). No matter what treatments are used, the most
effectiveness can be accomplished by lowering the consumption of saturated fatty acids,
mainly those derived from animals. Strict restrictions on alcoholic beverages and a decrease
in consumption of quickly absorbed carbohydrates may drop triglyceride levels by more than
50%. Strict restrictions on alcoholic beverages and a decrease in consumption of readily
absorbed carbohydrates may drop triglyceride levels by more than 50%. The lipid profile is
also raised by regular physical activity.

Pharmacological Interventions: In lipid-lowering treatment, statins, Niemann-PickC1-likel
(NPC1L1) protein inhibitors, and PCSKO inhibitors are some of the most efficient and often
used medications. By affecting particular lipid metabolic pathways, such compounds
decrease the synthesis or absorbing cholesterol and LDL [129].

Secondary Prevention

Screening Program: Understanding the variances and similarities among children and
adolescents' risk categories, ages, genders, and ethnicities is crucial to fully appreciating the
appropriateness, timeliness, and relevance of a broad population lipid screening. When
compared to youths in good health, adolescents with increased TC levels had a five-fold
higher chance of experiencing CVD events 40 years later [130]. The chance of cardiovascular
death in both adult and pediatric patients may be reduced and CVD can be prevented with
appropriate screening. To recognize hyperlipidemia in children and adolescents, several
screening methods have been set up: A cascade method that screens from an index case to
family members, a child-parent method that screens from children screened at a specific age
to parents, a universal approach, a population screening program for certain ages, a selective
method that evaluates a specific high-risk population, and a reverse cascade method that
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examines pediatric affected patients to other family members. It is generally agreed upon that
screening children is a universal screening method [131].

Monitor and Follow-Up:

Routine Lipid Screening: Some specialists have created guidelines for lipid screening, which
involve conducting a "lipid profile” to check triglyceride and cholesterol levels. It is usually
recommended that males aged 25 to 35 and females aged 45 to 35 undergo regular lipid
screening [132]. For those at lesser risk, lipid screening should be performed every five years;
as a patient's risk of cardiovascular disease increases, screening should be performed at
regular intervals.

Public Health

Education: Patients suffering from hyperlipidemia should understand the possible
implications of the condition and the way it affects their organs. It's mandatory to constantly
talk about changing one’'s lifestyle, quitting smoking, and following a healthy diet. Discussing
the positive attributes and drawbacks of each drug is essential before using it. Patients should
receive information from their primary care physician and pharmacist about compliance with
medications, adverse effects, interactions, and general hazards vs benefits of the prescribed
medicine. The person receiving healthcare can often discuss with a dietitian or nutritionist if
diet education is required.

While most participants were aware that inflammatory arthritis (1A) raises the risk of
cardiovascular disease (CVD), they showed interest in figuring out more about the impact of
arthritis on the heart and ways to lower their risk of CVD. Joining these focus groups offered
some participants their initial education about their risk of CVD.

Community Programs: Peer coaches are individuals with the targeted condition who
received training to support others with similar conditions following treatment
recommendations from their physicians, building social support, and improving their self-
efficacy, which translates into healthy behaviors [133]. The necessity of adopting personal
responsibility was pointed out by the research participants who also indicated an interest in
dietary practices, exercising, and managing stress as ways to lessen their risk of CVD.
Respondents in all focus groups showed a keen interest in changing their lifestyles to reduce
their cholesterol levels before beginning medication (e.g. statins).

Healthy Diet: For both adults and children, adopting dietary guidelines substantially
decreases the risk of cardiovascular disease. Successful diet modifications can be
accomplished with two distinctive basic strategies: a population approach and an individual
plan [134]. The Individual method is a double-phase nutrition regimen that is customized for
each patient. The first phase toward eliminating a child's cardiovascular risk is the
Cardiovascular Health Integrated Lifestyle Diet-1 (CHILD-1). It makes guidance similar to
the population plan, which includes general guidelines for every child for managing blood
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cholesterol and stopping atherosclerosis from developing [135,136]. Saturated fat intake
should be limited to 7% of total calories and daily TC intake should be reduced to 200 mg,
according to the Cardiovascular Health Integrated Lifestyle Diet-2 (CHILD-2) guidelines.

CLINICAL EVIDENCE AND TRIALS

Total Cholesterol

The anglo-scandinavian cardiac outcomes trial (ASCOT-LLA): Several investigations
have shown a positive relationship between increased levels of total cholesterol and the
incidence of stroke and CVD [137]. ASCOT-LLA, the Anglo-Scandinavian Cardiac
Outcomes Trial, reported its findings of atorvastatin (10 mg), a lipid-lowering medication.
Significant proportional decreases in cardiovascular events were found within a cohort of
hypertension patients who, given certain risk factors, were, on average, at only modest
cardiovascular risk and would not have been considered classically dyslipidemic [138].

The cholesterol and recurrent events trial (CARE): 4159 individuals with myocardial
infarcts who had plasma total cholesterol levels below 240 mg per deciliter (mg/dL) and low-
density lipoprotein (LDL) cholesterol levels between 115 and 174 mg per deciliter were
studied in The Cholesterol and Recurrent Events (CARE) Trial. These patients had average
cholesterol levels. These subjects were given either a placebo or 40 mg of pravastatin per day.
According to study reports, several patients with coronary artery disease who had normal
cholesterol levels benefited from taking cholesterol-lowering drugs [139].

(LDL) Low-density Lipoprotein

The Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT): Of the
studies, 20 offered comprehensive LDL cholesterol data [140]. In almost all observational
studies, but not all of them, lower LDL-C levels were shown to correlate with a lowered risk
of ischemic stroke and CVD. According to the Lipid Research Clinics Coronary Primary
Prevention Trial (LRC-CPPT), lowering LDL-C levels and lowering total cholesterol levels
decreased the morbidity and mortality of coronary heart disease (CHD) in patients who were
determined to be at high risk of the condition because of escalating LDL-C rates [141].

(HDL) High-density Lipoprotein

(Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin) JUPITER trial: Ina JUPITER trial evaluation, 314 CVD cases with controls
(equal in age and gender), mean LDL (bad) cholesterol, and high levels of C-reactive protein
were compared to 17,802 symptom-free patients. Research studies have revealed that of the
four HDL biomarkers in correlation with cholesterol efflux capability in CVD, HDL particle
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counts were the best reverse indication in patients receiving effective but non-baseline statin
treatment. This is true for both baseline and statin investigations [142].

Improve-IT Trial, Ezetimibe: Ezetimibe has little or no side effects and is remarkably
tolerable. Because ezetimibe blocks NPC1L1, it reduces the absorption of dietary cholesterol
and cholesterol generated in bile [143]. The Improve-IT Trial, which screened people with
ACS, discovered that ezetimibe when coupled with statin therapy, might reduce LDL-C
levels from 1.8 to 1.4 mmol/L over seven years. Moreover, a 7% decrease in serious
cardiovascular events was associated with this drop in LDL-C. However, individuals with
diabetes showed a stronger manifestation of this effect [144]. According to clinical practice
guidelines, Ezetimibe is advised as a secondary therapy preference [145]. It is usually given
as a monotherapy in people who are unable to tolerate statins and as an adjuvant medication
to help reach the desired LDL objectives.

(Canakinumab Anti-inflammatory Thrombosis Outcomes Study) CANTOS: The
Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTQOS), a multi-national
study with 10,000 participants, was released in 2017, validating the inflammation hypothesis
of atherothrombosis. In CANTOS, individuals on statins and other guideline-directed medical
therapy demonstrated a significant 15-17% decrease in severe adverse cardiovascular
consequences when they experienced narrow-spectrum targeting of interleukin-1p. However,
blood pressure, apo B, and LDLC were not substantially reduced [146]. Furthermore, the
greatest advantages within CANTOS were shown in individuals with the highest declines in
hsCRP and interleukin-6, which is entirely compatible with the evolving assumption that
"lower is also better for inflammation™ [147]. Canakinumab has not been administered in
cardiovascular therapy because of its dual capacity to suppress inflammation in the oncology
setting.

(Colchicine Cardiovascular Outcomes trial) COLCOT: The publication of the COLCOT
trial [148] in 2019, firmly supported the notion of the inflammation inhibition hypothesis;
low-dose colchicine (0.5 mg po daily) has since been accepted as an efficient anti-
inflammatory medication for the secondary prevention of atherosclerosis [149].

Microtubule inhibitors like colchicine with several anti-inflammatory actions, are frequently
used in large dosages for a brief period to treat acute pericarditis and gout. has demonstrated a
31% reduction in significant cardiovascular problems in individuals with stable
atherosclerosis [150] and 23% in individuals surviving from a recent myocardial infarction
who are in the stable phase. Low-dose colchicine offers positive impacts that rise
proportionately when treatment commences years after a preliminary atherosclerosis
diagnosis, similar to how statins do. This states that anti-inflammatory medications lower the
rate at which atherosclerotic plaque forms over time [151].

FUTURE DIRECTIONS IN PHARMACEUTICAL RESEARCH
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Personalized Medicine: For a longer time since the only hyperlipidemic drugs available are
statins with evident cardiovascular mortality benefits. Their purpose is to lower LDL
cholesterol. Reducing lipids is intended to reduce bad cholesterol in high-risk individuals by
100 mg/dL.

Certain clinical trial studies illustrated how statins successfully reduced cardiovascular events
after reducing LDL cholesterol levels.

However, in some cases, it was observed that many patients experienced statin intolerance.
Previous data indicate that myopathy, which may arise from treatment discontinuity, is one of
the negative effects of statin treatment. Still to treat LDL-C statins are mostly used but due to
some barriers, they are among the failures. So, to overcome these problems some statins have
shown that carriers can be used with the statins.

Further research on gene-related molecular pathways is conducted in pursuit of more
effective treatments, and their impact on drugs that lower cholesterol would be better for
successful treatments. A study was conducted to analyze the results of genetic variation
causing statin metabolism and its relevance in personalized treatment. Statin efficacy (drug
target and routes), toxicity to organs (developing myopathy pathways), and statin drug
pharmacokinetics (carriers and metabolizing enzymes) are all influenced by several sets of
significant genes.

Synthetic variants of statins are more likely to interact with HMG-CoA reductase due to their
structural features. Furthermore, rosuvastatin has the strongest effect on lowering HMG-CoA
reductase activity by up to 50% because of the polar contact between the methane
sulphonamide group and the enzyme.

Rosuvastatin is a hydrophobic group and methane sulphonamide but due to some adverse
effects like risk of myopathy and muscle toxicity problems. Statin is lacking in the successful
treatment of hyperlipidemia. Moreover, attempts were made and studies were conducted to
overcome the problem but after so many studies problems remained the same. According to
reports, it is determined to create amorphous forms of statins because some of these
medications have poor solubility and low bioavailability. This shows the potential to improve
the solubility and bioavailability of statins while also improving their efficacy in treating
cardiovascular diseases.

Pharmacogenomics (PGx) applications may improve drug selection, dosing, and monitoring
in personalized medicine.

Although genetic evaluations are likely to increase the potency of statin therapy while
preventing its negative consequences, they do not always forecast a reduction in the risk of
cardiovascular events brought on by statins. Additionally, doctors can utilize the PGx test as a
useful tool to track their patients' progress on statin therapy.
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Pharmacogenetic testing has a higher chance of becoming a standard component of clinical
practice in the future. Personalized medicine still faces challenges, and to overcome more
studies are being done to modify and improve.

Novel Drug Delivery System: In contrast to conventional drug delivery, targeted drug
delivery is a site-specific formulation that delivers the drug to the targeted location and at the
exact location intended to treat the disease and exhibit better therapeutic benefits. The key
goal of TDDS is to improve treatment effectiveness while reducing side effects by controlling
and managing the pharmacokinetics, dynamics, aspecific toxicity, immunogenicity, and
biorecognition of therapeutic agents.

TDDS differs from traditional DDS in this way, TDDS releases drugs at specific sites while
the traditional one depends on the absorption of drugs via biological membranes affecting the
drug's bioavailability and reducing its therapeutic impact.

The discovery of Nanotechnology was one of them in TDDS which is additionally called
Novel Drug Delivery or Smart Drug Delivery and, was a good indication for the appearing
problems from the conventional drug delivery. However, the challenges occurred because it
was difficult to determine which target was appropriate for a certain illness state, a medicine
that effectively cures the condition, how to administer the drug in a stable form to the targeted
region, and how to avoid immunogenic and specific interactions. To overcome these
challenges or difficulties, carriers are used mainly for drug reaching the target site, without
affecting the non-target compartment, decreasing degradation of the drug molecule,
minimizing side-effects, reducing drug quantity, improving patient compliance, increasing the
drug concentration at the particular site, improved efficacy, controlled biodistribution,
reducing toxicity, controlled release of drug.

To successfully carry the medication to the intended site, carriers—also known as vector
entities—are needed. The drug is either dispersed or encapsulated in a medium. Polymeric
materials, colloidals, Nanoparticles, and monoclonal antibodies are often employed carriers.
The carrier to be employed depends on the disease condition, the desired location, and the
nature of the drugs. An effective and safe nano-delivery method for treating CVD is RNAI-
based therapy. Within 24 hours of treatment, the liposome vector containing the
apolipoprotein B (ApoB) siRNA, reduced the concentration of bad cholesterol and
cholesterol.

Several pharmaceutical companies developed new nano dosages that deliver siRNA to the
desirable cells at the right time. Nanomaterials can be administered orally, transdermally, and
by other channels, including the respiratory, digestive, and skin systems. According to certain
research, these materials may enter the bloodstream through these mucous membranes.
Additionally, it has been found that the inflammatory reactions triggered by nanomaterials
can influence the emergence and progression of cardiovascular diseases, or CVDs, such as
myocardial infarction, cardiac arrest, and hypertension. Based on reports, carriers can travel
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via the blood to all organs if they are not removed on time. This might cause the body to
release some inflammatory cytokines and eventually result in cytotoxicity, which raises the
possibility of cardiovascular problems. Compiling all of the research and information, on the
toxicity that nanoparticles produce to the cardiovascular system's mechanisms worldwide is
still in its early stages. To stop, prevent, or lessen any potential negative health consequences,
scientists must therefore continue their studies and research on the detrimental impact on the
cardiovascular system as well as the mechanism of nanomaterials that can be used more
effectively and have good effects. The field of nanomedicine must find a solution to the
degradation of products and the biocompatibility of particles loaded with nanodrugs in the
future. With some creativity and in-depth research into the molecular pathological mechanism
of CVDs, new techniques and methods will be promoted for clinical diagnosis and therapy.

Combination Therapy: A new class of medication known as PCSK9 inhibitors has recently
been approved for the medical treatment of hyperlipidemia, particularly in patients with FH,
those at high risk of cardiovascular events, and those whose LDL cholesterol main target for
reduction fails to be achieved even after taking the maximum dosage of statins. Hepatocytes
produce the protein PCSK9, which binds to the surface of liver cell LDL receptors to lessen
the liver's capacity to eliminate LDL-C from circulation and encourage its breakdown.

Monoclonal antibodies particularly associated with circulating PCSK9, alirocumab, and
evolocumab block its interaction with LDL receptors. By restricting the PCSK9 protein, these
monoclonal antibodies retain the hepatocytes' surface LDL receptors and improve their
capacity to extract LDL cholesterol from the bloodstream. Evolocumab and alirocumab
combined with statin therapy have been shown in clinical trials to lower LDL-C by 60% to
70%, which is considerably better than taking a statin drug alone. These reductions are safe
and well-tolerated.

Additionally, in high-risk patients, PCSK?9 inhibitors have been shown to reduce the
incidence of cardiovascular events such as myocardial infarction and strokes. PCSK9
inhibitors are well tolerable drugs and in correspondence safe to use. Still, information is
being gathered mainly regarding potential negative effects on immunogenicity,
neurocognitive functioning, and liver function in the safety measures.

Due to its lipid-lowering and anti-inflammatory properties, Gemcaebene, an oral lipid-
lowering medication with a fixed dosage, is likely to be used in conjunction with statins for
patients with FH or together with other lipid-reducing drugs for those with
hypertriglyceridemia and non-alcoholic fatty liver disease.

In addition to raising the breakdown and elimination of lipoproteins from blood, gemcaebene
blocks the hepatic lipid synthesis of Apolipoprotein C-111 (Apo C-111) and lowers Apo C-Il1I
levels. It also activates peroxisome proliferator-activated receptor alpha (PPAR-a), which
increases fatty acid oxidation and helps reduce triglyceride concentrations in the blood and
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liver. It has also been shown to lower levels of pro-inflammatory cytokines, which has
significant advantages in inflammatory conditions like non-alcoholic fatty liver disease.

It showed that daily dosages of 300 and 900 mg reduced levels of bad cholesterol by 23% and
28%, respectively when taken with statins. But still, clinical trials have illustrated, that there
is a lack of efficiency and safety as it is for the brief. Therefore, more research is being done
to verify the long-lasting safety advantages and best practices.

CONCLUSION

Hyperlipidemia is a severe health issue that is a life-threatening condition thus contributing to
cardiovascular diseases. This review demonstrates the pathophysiology of hyperlipidemia and
risk factors related to it. It also highlights the recent advancements in lipid-lowering drugs
which involve novel drugs, and genetic testing for better results. To manage the condition
lifestyle modification along with pharmacotherapy is required. Most importantly, considering
the patient's education and raising awareness for the disease by the healthcare provider can
lower the chances of cardiovascular diseases and help the patient control their lipid levels.

Innovation in drug delivery, like nanotechnology, provides enhanced treatment results.
Nanotechnology as a controlled drug delivery method revealed certain benefits in the therapy
of CVDs, remarkably tackling problems like controlled release and sustained release while
decreasing the drug's toxicity level.

Research is still in the process of overcoming the challenges of novel and conventional drugs
faced during the therapy trial. Additionally, the study is going on for the NDDS to solve
problems like the biocompatibility of loaded drugs and the deterioration of products, which
need to be resolved from a future perspective.
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