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ABSTRACT:

The majority of adults worldwide have high cholesterol levels. It is a condition that, if left untreated, can lead to
serious health problems such as heart disease and stroke. The fact that abnormal cholesterol levels in our body can go
unidentified until it’s too late adding to the danger. cholesterol is a pale yellow, fat-like substance found in every cell
of our body. Cholesterol is used by the body to produce hormones, vitamin D, and substances that aid digestion. “Until
a person develops severe heart disease, high Cholesterol is painless and causes no symptoms. Cholesterol is a silent
enemy. One should be well informed about cholesterol stroke risk factors.”
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INTRODUCTION

Description:

Cholesterol is a waxy, fat-like substance that occurs naturally in all parts of the body. Cholesterol isn’t just something
that sits in your body like fat around your waist. Your bodies need cholesterol to make cell membranes, key hormones
like testosterone and estrogen, the bile acids needed to digest and absorb fats and vitamin D. Cholesterol is so important
to the body that the liver and intestines make it from scratch. However, cholesterol also is found in some of the foods
you eat.

In humans, cholesterol is absorbed from the diet and synthesized by cells in various tissues. A healthy man weighing
60 kg contains approximately 140 g of cholesterol, but only 1% of the total cholesterol is involved in a dynamic
metabolic cycle ®. In one study, the mean intake of dietary cholesterol was estimated to be 300-500 mg/day ©. They
also reported that the dietary cholesterol aggregates into micelles with biliary cholesterol (800—1300 mg/day) in the
duodenum 7. Physiologically, approximately 50% of the cholesterol is absorbed in the jejunum via a cholesterol
transporter Niemann-Pick C1-like 1 (NPC1L1) expressed on the brush border membrane. The cholesterol is then
transported to the liver in the form of chylomicrons and chylomicron remnants ®. NPC1L1, which may facilitate the
liver accumulation of cholesterol, is expressed on the canalicular membrane of hepatocytes in humans. Another
transporter pump system involving ATP-binding cassette (ABC) G5/G8 excretes cholesterol into bile 9.

Cholesterol is carried through your bloodstream by carriers made of fat (lipid) and proteins. These are called —
lipoproteins.

Two types of lipoproteins carry cholesterol to and from cells. One is low-density lipoprotein or LDL. The other
is high-density lipoprotein or HDL. The amount of each type of cholesterol in your blood can be measured by a
blood test.

The main metabolic pathways of cholesterol in liver cells include (1) cholesterol de novo synthesis (acetyl-CoA-
mevalonate-cholesterol pathway); (2) cholesterol uptake in the form of LDL and chylomicron remnants; (3)
cholesterol excretion into the blood in the form of VLDL; (4) cholesterol excretion and uptake through bile via
ABCG5/G8 and NPC1L1, respectively; (5) synthesis of bile acids and their excretion. Under normal conditions, these
pathways interact with each other to maintain cholesterol levels within a specific range 9.
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Your body needs some cholesterol to work properly. But if you have too much of bad cholesterol (LDL and
Triglycerides) in your blood, it can combine with other substances in the blood and stick to the walls of your arteries.
This is called plaque. Plaque can narrow your arteries or even block them.
The plaque buildup in arteries that LDL cholesterol and triglycerides contribute to is known as atherosclerosis
(“hardening of the arteries”). When plaque builds up, it can partly or entirely block the blood flow of an artery in the
heart, brain, pelvis, legs, arms or kidneys. This can lead to coronary heart disease, angina (chest pain), carotid artery
disease, peripheral artery disease and chronic kidney disease.
Atherosclerosis can also lead to a heart attack or stroke. That’s because a couple of things can happen where plaque
occurs:
e A piece of plaque may break off.
e Ablood clot (thrombus) may form on the uneven surface of plaque buildup.
If either of these travels through the body, ultimately lodging in an artery to the heart, it causes a heart attack. If
lodged in an artery to, or in, the brain, a stroke results.
Over time, plagque hardens and narrows your coronary arteries. This limits the flow of oxygen-rich blood to the
heart. Eventually, an area of plaque can rupture (break open). This causes a blood clot to form on the surface of
the plaque. If the clot becomes large enough, it can mostly or completely block blood flow through a coronary
artery. A heart attack occurs if the flow of oxygen-rich blood to a section of heart muscle is cut off. If blood flow
isn’t restored quickly, the section of heart muscle begins to die. Without quick treatment, a heart attack can lead
to serious problems or death.
Plaque also can build up in other arteries in your body, such as the arteries that bring oxygen-rich blood to your
brain and limbs. This can lead to problems such as carotid artery disease, stroke, and peripheral artery disease.
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Coronary heart disease is a condition in which plaque builds up inside the coronary (heart) arteries. Plaque is
made up of cholesterol, fat, calcium, and other substances found in the blood. When plaque builds up in the
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arteries, the condition is called atherosclerosis.

TYPES OF CHOLESTEROL

HDL Is an acronym for high-d P
"good" cholesterol b itt rts cholesterol Fom
other parts of your body to your liver.

LDL Is an acronym for low-density lipoprotein. It is referred to
as "bad" cholesterol because a high LDL level causes plaque
buildup in the arteries.

VLDL Is an acronym for very-low-density lipoprotein. It is also
idered "bad" cholesterol b it contributes to
plaque formation in your arteries.

Cholesterol is an essential component of cell membranes but is also used by hepatocytes (liver cells) and
enterocytes (cells of the intestinal lining) for the production of lipoproteins V). The hepatocyte also secretes bile
that contains cholesterol and bile acids that are derived from cholesterol. Adrenal and gonadal cells synthesise
corticosteroid hormones from cholesterol. All nucleated cells can synthesise the enzymes to produce
cholesterol 12, This synthetic pathway produces cholesterol as well as other isoprene products involved in the
prenylation of proteins and the synthesis of ubiquinone. The rate-limiting enzyme in this pathway is 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase. The product of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, mevalonic acid, appears in plasma and urine and may be used as a guide to cholesterol
synthetic activity. The plasma mevalonate concentration varies in a diurnal rhythm with the highest synthetic
rate in the early hours of the morning.

There is a demand for cholesterol during cell growth and in cells that use cholesterol for specialised purposes.
To meet such demands, the cell can synthesise cholesterol de novo, can import it through specialised receptors
such as the LDL and related receptors, and can use cholesterol after cleavage of stored cholesterol ester by the
action of neutral cholesterol ester hydrolase 2. The regulation of both cholesterol synthesis and importation by
LDL receptors occurs by sensing the amount of cholesterol in the membranes. A depletion of membrane
cholesterol will up-regulate transcription of both HMG-CoA reductase and the LDL receptor through a complex
mechanism 4,

The upregulation of cholesterol synthesis and importation in the time of need is made possible by an interaction
of a regulatory protein with the promoters of the genes for the LDL receptor, HMG-CoA reductase and HMG-
CoA synthase. The LDL receptor promoter has three imperfect repeats. Repeat 2, consisting of 16 base pairs,
forms a sterol regulatory element (SRE) that interacts with the SRE binding protein (SREBP) under cholesterol
deprivation. SREBP has three isoforms in humans, each comprising approximately 1150 amino acids. SREBP
has three domains: the amino-terminal domain contains a basic helix-loop-helix leucine zipper region that
enables it to bind to DNA, a carboxy-terminal domain binding to sterol cleavage activating protein (SCAP) at
the cell membrane, and an intermediate domain that contains two transmembrane portions linked by a loop of
about 30 amino acids into the lumen of the endoplasmic reticulum (ER). SCAP is associated with SREBP in the
membrane where the complex is stationary until cholesterol depletion permits its migration to the Golgi
apparatus. In the Golgi apparatus two membrane-bound proteases process the SREBP:SCAP complex to create
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a cleavage product that migrates to the nucleus. Site 1 protease is a serine protease that cleaves the loop in the
central domain of SREBP. Site 2 protease is a metalloprotease that cleaves the amino-terminal portion of SREBP
that translocates to the nucleus. Additional complexity is introduced into the regulation of lipid metabolism by
the three isoforms of SREBP. Alternative transcription start sites on chromosome 17 create differences in exon
1 of SREBP to produce SREBP1a and SREBP1c. SREBP2 is coded on chromosome 22. Whilst SREBP1a has
broad specificity for all genes with SREBP response elements, SREBP1c favours promoters of genes for fatty
acid synthesis and SREBP2 enhances cholesterol synthesis and importation into the cell 12,

Cholesterol importation into cells typically involves a high affinity, saturable process by means of the LDL
receptor and a low affinity process of passive association with the cell membrane and internalisation. Additional
receptors, such as the LDL receptor-related protein (LRP), may import lipoproteins in certain cells 6. Whilst
the low affinity process accounts for very little uptake at low concentrations of LDL, higher concentrations of
LDL may result in the internalisation of sufficient cholesterol to result in storage of cholesterol as its ester, to
regulate cholesterol synthesis and possibly also LDL receptor expression. At least some contribution to low
affinity clearance may be attributable to an interaction of fatty acids with cell membranes at physiologically
appropriate concentration9 and some clearance may also take place by means of the scavenger receptor B1
(SRB1) even though this receptor has conventionally been viewed as a receptor for other lipoproteins .

Figure 1. Cholesterol metabolism and pathways in the liver cells
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Figure 1: The cholesterol pool receives cholesterol from the blood through the LDL receptor (LDLR), LRP and
SRBL1. Additional inputs to the cholesterol pool are from cholesterol ester (CE) by NCEH and de novo synthesis
from AcCoA involving HMG-CoA reductase. Outputs of cholesterol from the pool are to lipoproteins as free
cholesterol (FC), and cholesterol ester (CE) by the reaction of cholesterol with non-esterified fatty acid (NEFA)
catalysed by ACAT2. ACAT1 catalyses esterification of cholesterol for intracellular storage and cytochrome
P4507A (CYP7A) initiates bile acid synthesis. Lipoprotein assembly in the lumen of the endoplasmic reticulum
(ER) involves (PL) and TG, apoB and MTP. The lipoproteins synthesised by the liver include VLDL1 and
VLDL2, IDL and LDL. The ligand for internalisation of IDL is apoE (E) and for internalisation of LDL is
apoB100 (B).

Lipoproteins, composed of lipid and apolipoproteins, are a means of transporting insoluble lipids, chiefly
triacylglycerol (triglyceride), cholesterol ester (CE) and cholesterol. Different mechanisms exist to target TG
and cholesterol within lipoproteins to cells that require fatty acids and/or cholesterol. Lipoproteins generally
have a spherical shape but vary significantly in size, density, and constituent lipids and apoproteins. Greater lipid
content makes for larger diameters and lower density, chiefly by triacylglycerol (triglyceride) content. The shell
contains phospholipid (PL), cholesterol and apoproteins while the core contains triacylglycerol (triglyceride)
and cholesterol ester (CE).

The enterocyte and hepatocyte are the sites of assembly for triacylglycerol-rich lipoproteins, using apoB for
assembly of the lipoproteins. The triacylglycerol-rich lipoproteins secreted by the enterocyte are termed
chylomicrons (CM) and those secreted by the hepatocytes are termed very low-density lipoproteins (VLDL).
The enterocyte uses an edited mRNA of apoB100 to synthesise apoB48.15 chylomicrons contain one copy of
apoB48 and VLDL contains one copy of apoB100.

Almost half of the cholesterol in the gut is absorbed but this efficiency varies amongst individuals. Enterocytes,
like hepatocytes, express ACAT?2 that produces cholesterol ester (CE) but in contrast to ACATL, its catalytic
site is on the lumenal aspect of the endoplasmic reticulum (ER). The CE globules as well as those of TG in the
lumen of the endoplasmic reticulum (ER), are used in lipoprotein assembly. Both enterocytes and hepatocytes
initiate lipoprotein assembly by adding a critical initial amount of neutral lipid to apoB so that this constitutively
expressed protein is protected from ubiquitinylation and degradation. The critical protein responsible for this is
microsomal TG transfer protein (MTP). Further remodelling of the lipoprotein takes place in the Golgi region
before secretion.

As may be expected, there is in reality a range in size and content of lipoproteins secreted by lipoprotein-
producing cells, especially by hepatocytes. These include: TG-rich VLDL with flotation rates of Sf 60—400
termed VLDL1, smaller CE-rich very low-density lipoproteins (VLDL) (Sf 20-60) termed VLDL2,
intermediate-density lipoproteins (IDL, Sf 12—20) and LDL (Sf 0-12).

A general scheme of lipoprotein metabolism is presented in Figure 2. CMs enter the venous circulation from the
thoracic duct and lipoproteins made by the liver enter the hepatic venous system. Redistribution of apoproteins
from especially high-density lipoprotein (HDL) supplies the bulk of the apoproteins on these TG-rich
lipoproteins.

The circulating TG-rich lipoproteins attach briefly to proteoglycans in the vascular beds of muscle and adipose
tissue. Lipoprotein lipase (LPL) also resident on the proteoglycans, is activated by apoC-Il and inhibited by
apoC-Ill. TG is hydrolysed by activated LPL to release fatty acids that will diffuse into the tissue or be
sequestered on albumin. The lipolytic process results in a smaller core and the redundant shell around the core
buds off with apoA-I to form HDL.

The remnants of chylomicron (CM) and very low-density lipoproteins (VLDL) return to the liver, being cleared
by virtue of apoE that serves as the ligand for the LDL receptor, as well as the LRP. VLDL remnants, entering
the IDL flotation range, are further hydrolysed by hepatic lipase (HL) to produce LDL. ApoB is the only
apoprotein on LDL. Only on LDL will apoB serve as the ligand for the LDL receptor.

Whilst it is known that the liver can secrete a range of apoB-containing lipoproteins, the classical pathway is the
production of mainly VLDL1 with subsequent conversion of this lipoprotein through VLDL2 to IDL before
being removed into the liver from the circulation; but some IDL is metabolised to LDL. The half-lives of the
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lipoproteins increase down the lipolytic cascade, with LDL being the longest resident in plasma.The larger
lipoproteins are remodelled in the circulation by LPL as mentioned above. Smaller lipoproteins like IDL, LDL
and HDL are modified by HL. An additional complexity is brought about by CE transfer protein (CETP) which
exchanges neutral lipids between lipoproteins; TG being moved towards cholesterol-rich LDL and HDL, and
CE being moved from these lipoproteins to CM and VLDL. The latter two apoB-containing lipoproteins can
thus participate in the reverse cholesterol transport (RCT) of cholesterol from HDL to the liver. TG-rich LDL
and HDL are substrates for HL, the action of which will decrease their size by hydrolysis of TG.

1. HDL

HDL is an acronym for high-density lipoprotein. It’s known as “good” cholesterol because it transports cholesterol

from other parts of your body to your liver. The liver later expels the collected Cholesterol.

2. LDL

LDL is an acronym for low-density lipoprotein. It is referred to as “bad” cholesterol because a high LDL level

causes plaque buildup in the arteries.

3. VLDL

VLDL is an acronym for very-low-density lipoprotein. It is also considered “bad” cholesterol because it contributes

to plaque formation in your arteries. However, VLDL and LDL are not the same; the percentages of Cholesteral,

protein, and triglycerides differ. LDL is higher in Cholesterol than HDL.

Triglycerides are lipids (waxy fats) that provide energy to your body. Triglycerides are produced naturally from the

foods we eat. High triglycerides and high cholesterol increase risk of heart attack, stroke, and pancreatitis.

The lipoproteins that lack apoB constitute mainly HDL. This class of lipoproteins is important for RCT. The
other functions of HDL include being a reservoir for apopoproteins A, C and E, CETP and lecithin:cholesterol
acyltransferase (LCAT), the provision of anti-oxidant activity by paraoxonase, and modulation of endothelial
function and immunity. Having accepted cholesterol from a cell, a small HDL particle will enlarge as a result of
esterification of cholesterol by LCAT as CE migrates to the core and additional cholesterol that is now
accommodated in the shell, also becomes esterified. Not only can HDL transfer CE to the TG-rich lipoproteins,
but it can deliver it directly to the liver through SRBL.

e Cholesterol is a waxy, fat-like substance. Your body needs some cholesterol, but it can build up
on the walls of your arteries and lead to heart disease and stroke when you have too much in your
blood.

e Having high blood cholesterol puts you at risk of heart disease, the leading cause of death in the
United States.

e You can have high cholesterol and not realize it. Most of the 65 million Americans with high
cholesterol have no symptoms. So it’s important to have your blood cholesterol levels checked.
All adults age 20 and older should have their cholesterol levels checked at least once every 5
years. If you have an elevated cholesterol, you’ll need to have it tested more often. Talk with your
doctor to find out how often is best for you 29.

e People with high cholesterol have about twice the risk of heart disease as people with lower levels.

e 71 million American adults (33.5%) have high low-density lipoprotein (LDL), or “bad,”
cholesterol.

e Only 1 out of every 3 adults with high LDL cholesterol has the condition under control.

e Less than half of adults with high LDL cholesterol get treatment.

e Lowering your cholesterol can reduce your risk of having a heart attack, needing heart bypass
surgery or angioplasty, and dying of heart disease.

e Exercising, eating a healthy diet, and not smoking will help you prevent high cholesterol and
reduce your levels.

e High cholesterol has no symptoms, so many people don’t know that their cholesterol is too high.
Your doctor can do a simple blood test to check your levels.
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e The National Cholesterol Education Program recommends that adults get their cholesterol
checked every five years.
LDL cholesterol is called “bad” cholesterol. LDL cholesterol makes up the majority of the body’s cholesterol.
LDL is known as “bad” cholesterol because having high levels can lead to plaque buildup in your arteries and
result in heart disease and stroke. Too much LDL in the bloodstream helps create the harmful cholesterol-filled
plaques that grow inside arteries (atherosclerosis). Such plaque buildups narrow arteries and are responsible for
angina (chest pain with exertion or stress), heart attacks, peripheral artery disease can narrowed arteries in the
legs and most types of stroke.
The higher the level of LDL cholesterol in your blood, the GREATER your chance is of getting heart disease.
The higher the level of HDL cholesterol in your blood, the LOWER your chance is of getting heart disease.
What causes a person’s LDL level to be high ? Most of the time diet is the key culprit. Eating foods rich in
saturated fats, trans fats, and easily digested carbohydrates boost LDL. Genes are sometimes at the root of high
cholesterol, and some medications can boost LDL.
Saturated fats: typical sources of saturated fat include animal products, such as red meat, whole-fat dairy
products, and eggs, and also a few vegetable oils, such as palm oil, coconut oil, and cocoa butter. Saturated fat
can increase your levels of “bad” LDL cholesterol. But it has some benefits, too — it lowers triglycerides and
nudges up levels of “good”” HDL cholesterol. The role of saturated fat in heart disease is currently under debate.
For now, it’s best to limit your intake of saturated-fat-rich foods.
LDL Cholesterol

Triglycerides are the most common type of fat in the body; they store excess energy from your diet. Normal
triglyceride levels vary by age and sex. People with high triglycerides often have a high total cholesterol level,
including a high LDL cholesterol level and a low HDL cholesterol level.
The plasma level of triglyceride is a well-established independent biomarker of cardiovascular disease
risk 29 and triglyceride-rich lipoproteins have atherogenic properties. Triglyceride predicts cardiovascular
disease in a wide range of circumstances. Its association with cardiovascular disease risk is partly attenuated by
adjustment for HDL cholesterol, with which it is moderately correlated 22,
Genetic variation associated with lifelong low triglyceride levels is associated with a lower incidence of
cardiovascular disease 2. Triglyceride is carried primarily within large lipoproteins, chylomicrons, and VLDL
(very low density lipoprotein), which are also rich in cholesterol and like LDL can enter the arterial wall and
stimulate atherosclerosis. These triglyceride-rich lipoproteins carry various atherogenic proteins such as
apolipoprotein C-111, itself associated with atherosclerosis and cardiovascular disease 24.
Replacing 1% of daily energy intake from saturated fat with polyunsaturated or monounsaturated fat lowers
triglyceride by 0.9 or 0.4 mg/dL 2 perhaps more in those with hypertriglyceridemia 29,
Replacing the 1% saturated fat with 1% carbohydrates raises serum triglycerides by ~1 mg/dL. Dietary
carbohydrates raise plasma triglyceride levels by increasing the production by the liver of triglycerides and
subsequent incorporation into VLDL (very low density lipoprotein) 2”. The magnitude that dietary carbohydrates
increase plasma triglyceride is similar whether the carbohydrate has a high or low glycemic index ),
Many people with heart disease or diabetes also have high triglyceride levels.
Elevated triglycerides can be caused by several factors. They are overweight and obesity, physical inactivity,
cigarette smoking, excess alcohol consumption and a diet very high in carbohydrates (more than 60 percent of
total calories). These causes can be addressed with lifestyle changes. Sometimes underlying diseases or genetic
disorders cause high triglycerides, too.
A high triglyceride level combined with low HDL cholesterol or high LDL cholesterol is linked with fatty
buildups in artery walls. This increases the risk of heart attack and stroke.

Triglycerides
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HDL cholesterol is “good” cholesterol. Think of it as the “healthy” cholesterol, so higher levels are better.
Experts believe HDL acts as a scavenger, carrying LDL cholesterol away from the arteries and back to the liver.
There it’s broken down and passed from the body.
Experts believe HDL cholesterol may act in a variety of helpful ways that tend to reduce the risk for heart disease:
e HDL cholesterol scavenges and removes LDL or “bad” cholesterol.
e HDL reduces, reuses, and recycles LDL cholesterol by transporting it to the liver where it can be
reprocessed.
e HDL cholesterol acts as a maintenance crew for the inner walls (endothelium) of blood vessels.
Damage to the inner walls is the first step in the process of atherosclerosis, which causes heart
attacks and strokes. HDL scrubs the wall clean and keeps it healthy.
People with high blood triglycerides usually also have lower HDL cholesterol. Genetic factors, type 2 diabetes,
smoking, being overweight and being sedentary can all lower HDL cholesterol. Women tend to have higher
levels of HDL cholesterol than men do.
A healthy HDL cholesterol level may protect against heart attack and stroke. Studies show low levels of HDL
cholesterol increase the risk of heart disease. HDL cholesterol does not completely eliminate LDL cholesterol.
Only one-fourth to one-third of blood cholesterol is carried by HDL.
HDL Cholesterol
Total Blood (or serum) Cholesterol
Everyone should start getting tested for cholesterol and other risk factors at age 20. These measurements help to
determine risk for a heart attack or stroke. In some cases, children can have high cholesterol levels. Evidence
suggests these children are at greater risk for developing heart disease as adults. Lack of regular physical activity,
poor dietary habits and genetics can all affect a child’s cholesterol levels. Parents and caregivers can help kids
develop a heart-healthy lifestyle by serving foods low in saturated fat and trans fats; encouraging at least 60
minutes of physical activity on most (and preferably all) days; and stressing the importance of avoiding tobacco
products.
If you’re between age 40 and 79, talk to your doctor about assessing your 10-year risk. Once you know your
risk, you can take action to lower it. Your doctor may recommend diet and lifestyle changes and maybe
medication, too. Follow all of your doctor’s instructions, and have your cholesterol and other risk factors
rechecked every four to six years.
Keeping your cholesterol levels healthy is a great way to keep your heart healthy and lower your chances of
getting heart disease or having a stroke. Cholesterol test report will show your cholesterol levels in milligrams
per deciliter of blood (mg/dL). This isn’t a type of cholesterol, instead, it’s a composite of different types. A
person’s total cholesterol score is calculated by adding their HDL and LDL cholesterol levels and 20 percent of
their triglyceride level.
Nowadays, these ranges and your total cholesterol levels are considered in context with other risk factors, and
treatment is recommended accordingly.
High blood cholesterol is a condition in which you have too much cholesterol in your blood. By itself, the
condition usually has no signs or symptoms. Thus, many people don’t know that their cholesterol levels are too
high. People who have high blood cholesterol have a greater chance of getting coronary heart disease, also called
coronary artery disease.
People who have cardiovascular disease or are at higher risk of it may need their cholesterol and other risk factors
assessed more often.

Total Cholesterol
Your ideal cholesterol level 2 will depend on your risk for heart disease.
e Total cholesterol level — less than 200 milligrams per deciliter (mg/dl) is best, but depends on
your HDL and LDL levels

e LDL cholesterol levels — less than 130 mg/dl is best, but this depends on your risk for heart
disease
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e HDL cholesterol levels — 60 mg/dl or higher reduces your risk for heart disease
e Triglycerides — less than 150 milligrams per deciliter (mg/dl) is best

Total Cholesterol Level Category
Less than 200 mg/dL Desirable
200-239 mg/dL Borderline High
240 mg/dL and above High

Note: Cholesterol levels are measured in milligrams (mg) of cholesterol per deciliter (dL) of blood.
LDL Cholesterol Level LDL-Cholesterol Category
Less than 100 mg/dL Optimal
100-129 mg/dL Near optimal/above optimal
130-159 mg/dL Borderline high
160-189 mg/dL High
190 mg/dL and above Very high
Desirable Cholesterol Levels
Total cholesterol Less than 200 mg/dL
LDL (“bad” cholesterol) Less than 100 mg/dL
HDL (“good” cholesterol) 60 mg/dL or higher
Triglycerides Less than 150 mg/dL

(Source ).
Note: In general, HDL (good) cholesterol protects against heart disease, so for HDL, higher numbers are better.
A level less than 40 mg/dL is low and is considered a major risk factor because it increases your risk for
developing heart disease. HDL levels of 60 mg/dL or more help to lower your risk for heart disease.
Triglycerides can also raise heart disease risk. Levels that are borderline high (150-199 mg/dL) or high (200
mg/dL or more) may need treatment in some people.
A variety of things can affect cholesterol levels. These are things you can do something about:
e Diet. Saturated fat and cholesterol in the food you eat make your blood cholesterol level go up.
Saturated fat is the main culprit, but cholesterol in foods also matters. Reducing the amount of
saturated fat and cholesterol in your diet helps lower your blood cholesterol level.
e Weight. Being overweight is a risk factor for heart disease. It also tends to increase your
cholesterol. Losing weight can help lower your LDL and total cholesterol levels, as well as raise
your HDL and lower your triglyceride levels.
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e Physical Activity. Not being physically active is a risk factor for heart disease. Regular physical
activity can help lower LDL (bad) cholesterol and raise HDL (good) cholesterol levels. It also
helps you lose weight. You should try to be physically active for 30 minutes on most, if not all,
days.

Things you cannot do anything about also can affect cholesterol levels. These include:

e Age and Gender. As women and men get older, their cholesterol levels rise. Before the age of
menopause, women have lower total cholesterol levels than men of the same age. After the age
of menopause, women’s LDL levels tend to rise.

e Heredity. Your genes partly determine how much cholesterol your body makes. High blood
cholesterol can run in families.

Cholesterol comes from two sources. Your body (specifically your liver) makes all the cholesterol you need.
The rest you get from foods from animals. For example, meat, poultry and full-fat dairy products contain
cholesterol (called dietary cholesterol). More importantly, these foods are high in saturated and trans fat. That’s
a problem because these fats cause your liver to make more cholesterol than it otherwise would. For some people,
this added production means they go from a normal cholesterol level to one that’s unhealthy.

Cholesterol Source
Some tropical oils, such as palm oil, palm kernel oil and coconut oil, also can trigger your liver to make more
cholesterol. These oils are often found in baked goods.
The saturated and trans fats you eat may raise your blood cholesterol level. Having too much cholesterol in your
blood may lead to increased
risk for heart disease and stroke. High levels of cholesterol in the blood can increase your risk of heart disease.
Your cholesterol levels tend to rise as you get older. There are usually no signs or symptoms that you have high
blood cholesterol, but it can be detected with a blood test. You are likely to have high cholesterol if members of
your family have it, if you are overweight or if you eat a lot of fatty foods.
You can lower your cholesterol by exercising more and eating more fruits and vegetables. You also may need
to take medicine to lower your cholesterol.
In general, the higher your LDL level and the more risk factors you have (other than LDL), the greater your
chances of developing heart disease or having a heart attack. Some people are at high risk for a heart attack
because they already have heart disease. Other people are at high risk for developing heart disease because they
have diabetes (which is a strong risk factor) or a combination of risk factors for heart disease. Follow these steps
to find out your risk for developing heart disease.

e Step 1: Check the table below to see how many of the listed risk factors you have; these are the
risk factors that affect your LDL goal.

Major Risk Factors That Affect Your LDL Goal

e Cigarette smoking

e High blood pressure (140/90 mmHg or higher or on blood pressure medication)

e Low HDL cholesterol (less than 40 mg/dL)*

e Family history of early heart disease (heart disease in father or brother before age 55; heart disease
in mother or sister before age 65)

e Age (men 45 years or older; women 55 years or older)

* |f your HDL cholesterol is 60 mg/dL or higher, subtract 1 from your total count.
Even though obesity and physical inactivity are not counted in this list, they are conditions that need to be
corrected.

e Step 2: How many major risk factors do you have? If you have 2 or more risk factors in the
table above, use the attached risk scoring tables (which include your cholesterol levels) to find
your risk score. Risk score refers to the chance of having a heart attack in the next 10 years, given
as a percentage. My risk score is %.
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The main goal of cholesterol-lowering treatment is to lower your LDL level enough to reduce your risk of
developing heart disease or having a heart attack. The higher your risk, the lower your LDL goal will be. To find
your LDL goal, see the boxes below for your risk category. There are two main ways to lower your cholesterol:

1.

2.

Therapeutic Lifestyle Changes (TLC)—includes a cholesterol-lowering diet (called the TLC diet),
physical activity, and weight management. TLC is for anyone whose LDL is above goal.

Drug Treatment—if cholesterol-lowering drugs are needed, they are used together with TLC
treatment to help lower your LDL.

Category I, Highest Risk, your LDL goal is less than 100 mg/dL. you will need to begin the
TLC diet to reduce your high risk even if your LDL is below 100 mg/dL. If your LDL is 100 or
above, you will need to start drug treatment at the same time as the TLC diet. If your LDL is
below 100 mg/dL, you may also need to start drug treatment together with the TLC diet if your
doctor finds our risk is very high, for example if you had a recent heart attack or have both heart
disease and diabetes.

Category 11, Next Highest Risk, your LDL goal is less than 130 mg/dL. If your LDL is 130
mg/dL or above, you will need to begin treatment with the TLC diet. If your LDL is 130 mg/dL
or more after 3 months on the TLC diet, you may need drug treatment along with the TLC diet.
If your LDL is less than 130 mg/dL, you will need to follow the heart healthy diet for all
Americans, which allows a little more saturated fat and cholesterol than the TLC diet.

Category 111, Moderate Risk, your LDL goal is less than 130 mg/dL. If your LDL is 130
mg/dL or above, you will need to begin the TLC diet. If your LDL is 160 mg/dL or more after
you have tried the TLC diet for 3 months, you may need drug treatment along with the TLC diet.
If your LDL is less than 130 mg/dL, you will need to follow the heart healthy diet for all
Americans.

Category 1V, Low-to-Moderate Risk, your LDL goal is less than 160 mg/dL. If your LDL is
160 mg/dL or above, you will need to begin the TLC diet. If your LDL is still 160 mg/dL or more
after 3 months on the TLC diet, you may need drug treatment along with the TLC diet to lower
your LDL, especially if your LDL is 190 mg/dL or more. If your LDL is less than 160 mg/dL,
you will need to follow the heart healthy diet for all Americans.

To reduce your risk for heart disease or keep it low, it is very important to control any other risk factors you may

have such as high blood pressure and smoking.
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Healthy foods and exercise can cut / LDL levels. Regular exe

' N

rcise, the kind that gets your heart pumping, also lowers your levels. Eat foods low in saturated fat, cholesterol,
and simple carbs. (Simple carbs include foods like sugar, white bread, and white crackers.) You can lower your
numbers even more if you add fiber and plant sterols (margarine or nuts) to your diet.
If healthy foods and exercise aren’t enough, your doctor may suggest medications. Some drugs, like statins, help
block your body from making cholesterol. Other medicines lower the amount of cholesterol your body gets from
food you eat. There are also drugs that you take as a shot rather than as a pill. These meds block a protein that
interferes with the way your liver removes LDL from your blood. They’re recommended for people who can’t
use statins or who have a severe form of high cholesterol.
Remember, many other things affect your chances of getting heart disease. Smoking, diabetes, high blood
pressure, obesity, and lack of exercise also raise the risk. It’s important to lower your LDL, but don’t ignore
these other health issues.
Hyperlipidemia (high blood cholesterol) can often be improved by lifestyle changes. This is true even if high
cholesterol is due to genetics (familial hypercholesterolemia).
The four lifestyle changes you need to make are:

1. Regular exercise

2. Avoiding tobacco smoke

3. Losing weight (if you’re overweight or obese)

4. Eating a heart-healthy diet
1) Regular exercise
Becoming more physically active. A sedentary lifestyle lowers HDL cholesterol. Less HDL cholesterol means
there’s less good cholesterol to remove LDL (bad) cholesterol from arteries.
Physical activity is important. Just 40 minutes of aerobic exercise of moderate to vigorous intensity done three
to four times a week is enough to lower both cholesterol and high blood pressure. Brisk walking, swimming,
bicycling or a dance class are examples.
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2) Quitting smoking
Smokers can lower their cholesterol levels and help protect their arteries by quitting. Nonsmokers should avoid
exposure to secondhand smoke.
3) Losing weight
Being overweight or obese tends to raise LDL cholesterol and lower HDL cholesterol.
Losing excess weight can improve cholesterol levels. A weight loss of 10 percent can go a long way toward
lowering your risk of high cholesterol — or reversing it.
4) Eating a heart-healthy diet
The American Heart Association’s heart-healthy eating plan can help you manage your blood cholesterol level
and reduce your risk of heart disease and stroke 2. The simple cooking tips below will help you prepare tasty,
heart-healthy meals that improve your cholesterol by reducing excess saturated fat and trans fat.

e Reduce saturated fat in meat and poultry
The American Heart Association recommends a dietary pattern that emphasizes poultry and limits red meat. The
amount of saturated fat in meats can vary widely, depending on the cut and how it’s prepared.
Here are some ways to reduce the saturated fat in meat:
+ Select lean cuts of meat with minimal visible fat. Lean beef cuts include the round, chuck, sirloin or loin. Lean
pork cuts include the tenderloin or loin chop. Lean lamb cuts come from the leg, arm and loin.
+ Buy “choice” or “select” grades rather than “prime.” Select lean or extra lean ground beef.
+ Trim all visible fat from meat before cooking.
+ Broil rather than pan-fry meats such as hamburger, lamb chops, pork chops and steak.
+ Use a rack to drain off fat when broiling, roasting or baking. Instead of basting with drippings, keep meat

moist with wine, fruit juices or an acceptable oil-based marinade.
+ Cook a day ahead of time. Stews, boiled meat, soup stock or other dishes in which fat cooks into the liquid
can be refrigerated. Then, remove the hardened fat from the top.

+ When a recipe calls for browning the meat first, try browning it under the broiler instead of in a pan.
+ Eat chicken and turkey rather than duck and goose, which are higher in fat. Choose white meat most often
when eating poultry.
+ Remove the skin from chicken or turkey before cooking. If your poultry dries out too much, first try basting
with wine, fruit juices or an acceptable oil-based marinade. Or leave the skin on for cooking and remove it before
eating.
+ Limit processed meats such as sausage, bologna, salami and hot dogs. Many processed meats — even those
with “reduced fat” labels — are high in calories and saturated fat. Often they’re high in sodium, too. Read labels
carefully and choose processed meats only occasionally.

e Eat more fish
Fish can be fatty or lean, but it’s still low in saturated fat. Choose oily fish such as salmon, trout and herring,
which are high in omega-3 fatty acids. Prepare fish baked, broiled, grilled or boiled rather than breaded and fried,
and without added salt, saturated fat and trans fat. Shrimp and crawfish have more cholesterol than most other
types of seafood, but they’re lower in total fat and saturated fat than most meats and poultry.

o Eat Less meat
Try meatless meals featuring vegetables or beans. For example, think eggplant lasagna, a big grilled portobello
mushroom on a bun instead of a burger, or beans-n-weenies without the weenies and salt. Or think of meat as a
condiment in casseroles, stews, low-sodium soups and spaghetti — use it sparingly and just for flavor rather
than as a main ingredient.

e Cook fresh vegetables the heart-healthy way
Try cooking vegetables in a tiny bit of vegetable oil and add a little water during cooking if needed, or use a
vegetable oil spray. Just 1 to 2 teaspoons of oil is enough for a package of plain frozen vegetables without sauce
or seasonings that serves four. Place in a skillet with tight cover, season and cook over a very low heat until the
vegetables are done.
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e Add herbs and spices to make vegetables even tastier. For example, these combinations
add new and subtle flavors:

+ Rosemary with peas, cauliflower and squash
+ Oregano with zucchini
+ Dill with green beans
+ Marjoram with Brussels sprouts, carrots and spinach

+ Basil with tomatoes
Start with a small quantity (1/8 to 1/2 teaspoon to a package of frozen vegetables), then let your own and your
family’s taste be your guide. Chopped parsley and chives, sprinkled on just before serving, also enhance the
flavor of many vegetables.

e Use liquid vegetable oils in place of solid fats
Liquid vegetable oils such as canola, safflower, sunflower, soybean and olive can often be used instead of solid
fats such as butter, lard or shortening. If you must use margarine, try the soft or liquid kind. Use a little liquid

oil to:

+ Pan-fry fish and poultry.
+ Saute vegetables.
+ Make cream sauces and soups using low-fat or fat-free milk.
+ Add to whipped or scalloped potatoes using low-fat or  fat-free  milk.
+ Brown rice for Spanish, curried or stir-fried rice.
+ Cook dehydrated potatoes and other prepared foods that call for fat to be added.
+ Make pancakes or waffles.

e  Puree fruits and veggies for baking
You can replace the oil in muffin, cookie, cake and snack bar recipes with pureed fruits or veggies to give your
treats an extra healthy boost. For many recipes, use the specified amount of puree instead of oil. Check the mix’s
package or your cookbook’s substitutions page for other conversions. You can:
+ Use applesauce in spice muffins or oatmeal cookies.
+ Include bananas in breads and muffins.
+ Try zucchini in brownies.

e Lower dairy fats
Low-fat (1%) or fat-free (skim) milk can be used in many recipes in place of whole milk or half-and-half. Some
dishes like puddings may result in a softer set. You can also use low-fat, low-sodium cottage cheese, part-skim
milk mozzarella or ricotta and other low-fat, low-sodium cheeses with little or no change in consistency.

e Increase fiber and whole grains
+ Toast and crush or cube fiber-rich whole-grain bread to make breadcrumbs, stuffing or croutons.
+ Replace the breadcrumbs in your meatloaf with uncooked oatmeal.
+ Serve whole fruit at breakfast in place of juice.
+ Use brown rice instead of  white rice and try  whole grain pasta.
+ Add lots of colorful veggies to your salad — carrots, broccoli and cauliflower are high in fiber and give your
salad a delicious crunch

High triglycerides levels create heart disease, heart attacks, and stroke, especially in people with low levels of
“good” HDL cholesterol and in those with type 2 diabetes.
The good news is that there’s a lot you can do on your own to lower triglycerides and improve health.

e Get more physical activity. Exercise can have a big impact on triglyceride levels. Experts
recommend that everybody get at least 30 minutes of exercise at least five times a week. If you’re
out of shape, start slowly. Begin with a quick walk three times a week and then build up from
there.

e Lose some weight. If you’re heavy, shed a few pounds and try to maintain an ideal body weight.
Exercise will help, but you also need to focus on diet. The key is to eat fewer calories — whether
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they come from fats, carbs, or protein. Focus on a diet that’s high in fruits, vegetables, lean
proteins, and low-fat dairy products. Cutting down on sugary foods — like sodas — could really
help, too.
e Choose better fats. Pay more attention to the fats you eat. Eat fewer foods with unhealthy fats
(found in meat, butter, and cheese) and trans fats (in processed foods and margarines), as well as
cholesterol. Boost your intake of healthy monounsaturated and polyunsaturated fats, which are
found in olive oil, nuts, and some fish. Studies have found that the omega-3s in fatty fish — like
tuna, salmon, mackerel, and sardines — are particularly good at lowering triglyceride levels.
Because even healthy fats are high in calories, you still need to eat these foods in moderation.
e Cut down on alcohol. Even small amounts of alcohol seem to cause big spikes in triglyceride
levels. Limit alcohol intake to one drink a day.
e Fish oil with omega-3 fatty acids can help keep triglycerides under control.
e Niacin (nicotinic acid) can lower triglycerides by up to 50%. It’s available as a non-prescription
supplement.
HDL is low, you can take several steps to boost your HDL level and reduce your heart disease risk:
e Exercise . Aerobic exercise for 30 to 60 minutes on most days of the week can help pump up
HDL.
e  Quit smoking . Tobacco smoke lowers HDL, and quitting can increase HDL levels.
e Keep a healthy weight. Besides improving HDL levels, avoiding obesity reduces risk for heart
disease and multiple other health conditions.
Conclusion: Hypercholesterolemia (high LDL-cholesterol) is one of the major risk factors contributing to the
formation of atherosclerotic plaques. These plaques lead to an increased possibility of various negative clinical
outcomes, including, but not limited to, coronary artery disease. PAD, aortic aneurysms, and stroke. A major
contributor to the increased risk of atherosclerotic lesion formation is high levels of low-density lipoprotein
(LDL) in the blood. Also, it has been shown that an elevated high-density lipoprotein (HDL) blood
concentration is correlated with a decreased risk in epidemiological studies, but clinical trials with therapies
that elevate HDL-cholesterol have yielded null results. For this reason, a major focus of patient care is primarily
to decrease LDL levels.The process through which atherosclerotic plagues develop begins with endothelial
damage. Endothelial damage leads to the dysfunction of endothelial cells, increasing the number of LDL
particles that can permeate through the vascular wall. Lipoproteins, especially LDL, can then accumulate
within the vessel wall trapped by the cellular matrix in the intima. LDL is then modified and taken up via
scavenger receptors on macrophages resulting in foam-cell formation. As more lipid accumulates within the
vessel wall, smooth muscle cells begin to migrate into the lesion. Ultimately, these smooth muscle cells
encapsulate the newly formed plaque forming the fibrous plaque, the protector of the lesion, preventing the
lipid core from being exposed to the lumen of the vessel. Atherosclerotic plagues can lead to occlusion of the
vessel (decreasing blood flow distally and causing ischemia) or, more commonly because of abundant lipid and
macrophages (vulnerable plague) rupture, inducing the formation of a thrombus which can completely block
the flow of blood (as occurs in acute myocardial infarctions, unstable angina)
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