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ABSTRACT: Familial Hypercholesterolemia (FH) is the congenital
disease related to premature artery disease caused by mutations are
mostly found within the low-density lipoprotein receptor sequence and
alter the genes encoding proteins involved in the metabolism of low-
density lipoproteins (LDL). Genetic testing can ensure the disorder and is
extremely helpful for cascade screening. FH is one of the foremost
common genetic disorders, this disorder remains principally unseen and
its management is commonly suboptimal. Despite the availability of
numerous pharmacologic medications to significantly lower LDL-C levels,
FH patients are frequently not effectively treated. Therapeutic lifestyle
changes usually inadequate to attain fascinating cholesterol levels. This is
often notably true for top risk patients; but, additionally, low-risk patients,
whose cholesterin levels aren't essentially faraway from counseled
targets, have either sub-optimal or maybe considerably magnified lipid
levels. Nutraceuticals are products that stand on the boundary between
food and medicine, supplying additional amounts of certain nutrients with
positive health effects. Many nutraceuticals are prompt to boost plasma
lipid profile. Typically, a diagnosis will be made using a combination of
clinical factors, including the case history, lipid levels, and genetic
analysis. The most frequent anomalies are mutations in the genes
encoding the low-density lipoprotein receptor (LDLR), apolipoprotein B,
pro-protein convertase subtilisin/kexin nine (PCSK9), and LDLR adapter
supermolecule. Early patient identification and treatment, screening of
families, significantly reduces the risk of developing an illness. Most anti-
hypercholesterolemic medications deliver many adverse effects for
patients, by that healthful plants have begun to draw attention to treating
hypocholesteraemia. Aim of this study is to review the natural sources
obtainable for the management of hypercholesterolemia.
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INTRODUCTION

the membranes of animal cells and is

Hypercholesterolemia is a form of involved

Hyperlipidemia characterized by high
cholesterol levels in blood. Type 2 diabetes,
high blood pressure, peripheral artery
disease, coronary heart disease, and stroke
are all brought on by excessive cholesterol
levels (1). Cardiovascular disease risk is
highly associated with increased intake of
diets high in cholesterol. The production of
cholesterol takes place in the liver belongs to
the class of lipids which helps in constructing

the production of certain
hormones (2). It is also important in the
production of substances which are required
for fat digestion. Cholesterol is insoluble in
water that is why its transport takes place
within protein particles in the blood plasma.
These lipoproteins are grouped according to
how dense they are, i.e. LDL and HDL are
two types of lipoproteins. LDL is a
detrimental lipid, that distributes cholesterol
to the periphery where it blocks arterial
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lumen. Since low-density lipoprotein has a
high level of cholesterol, therefore,
atherosclerosis and coronary heart disease
are more likely to occur (3). Clinically, there
are number of researches done to treat
hypercholesterolemia from natural sources.
There are also many alternative treatments
which are being used by many people, and
also there are some cholesterol-lowering
supplements and natural remedies. Persons
should take a diet that contains mostly
unsaturated fats such as fish, nuts, seeds,
avocados and vegetable oil. Garlic has been
used medicinally since ancient times to
lower cholesterol levels in blood. The
components present in flaxseeds also have
some effect on the level of blood cholesterol
(4,5). HDL is a good cholesterol which clears
cholesterol plaques from peripheral blood
vessels, and returns to liver (6). Cholesterol
contributes to the production of vitamin-D for
the skin, which affects how the body
processes calcium and supports the
maintenance of bone density (7)
Additionally, cholesterol in the body
produces bile acids, which are necessary for
the breakdown of lipids in the digestive tract
so they can be absorbed by the body (8).
There are many inherited forms of
hypercholesterolemia that can cause many
health issues like; the buildup of excessive
cholesterol in many tissues. When there is
an abnormal buildup of cholesterol, the
formation of plaque takes place which
narrows and hardens the artery wall. As
plaque or clumps gets bigger, the flow of
blood can be restricted which causes chest
pain called angina due to which the risk of
heart attack increases in the patient (9).
There are many causes of the high level of
cholesterol in the body which includes; the
consumption of unhealthy food that has a lot
of fat in it. Saturated fat is found in dairy
products, meats, fried deep-fried, and
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processed food that cause an increased LDL
(bad) cholesterol level. HDL level can be low
if there is a lack of physical activity i.e. sitting
or little exercise. Another cause of Low HDL
levels is smoking, but it also raises the LDL
level. Many other factors such as genetic
factors also cause high levels of cholesterol
for example: Familial Hypercholesterolemia
(FH), itis an inherited disorder, caused by a
defect on chromosome 19. This defect
makes the body unable to remove low-
density lipoprotein (LDL), or bad cholesterol
from the blood, which results in a high level
of LDL in the blood. Certain medicines may
also cause high cholesterol (10).

The LDL level can be lowered by many
natural food sources such as: oat bran,
barley, psyllium seeds, flaxseed meal,
apples, grapes, strawberries, citrus fruits,
lentils, niacin, garlic, ginger, beans, eggplant
and okra, nuts (almonds, pistachios), soy,
fatty fish and fiber supplements. It can also
be managed by limiting the consumption of
saturated fats and Trans fats (11).

PLANT SOURCES

GARLIC: (ALLIUM SATIVUM)

In most cuisines, garlic is an essential
component. It has antibacterial, anti-
inflammatory, and antioxidant properties.
It is supposed to help lower cholesterol
levels by reducing the clotting
characteristics of blood (12):

ACTIVE CONSTITUENTS

Fresh garlic contains 62-68% water, 26-
30% carbohydrates, 1.1-3.5% organosulfur
compounds, 1.5-2.1% proteins, 1.5% amino
acids, and 1.5% fiber. The organic Sulphur
compounds found in garlic are primarily
responsible for its beneficial effects on
health. Garlic contains several organosulfur
compounds, including diallyl disulfide,
diallyltrisulfide, methyl diallyltrisulfide, S-allyl
cysteine, and alliin (13).

PREPARATION
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The most often used garlic preparations are
garlic powder, mature garlic extract, garlic
oil, Japanese garlic powder with egg yolk,
and raw garlic (14-16)

MECHANISM

When garlic was added to the diet, the
hepatic  activiies of lipogenic and
cholesterogenic enzymes such as 3-
hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)
reductase, fatty acid synthase, glucose-6
phosphate dehydrogenase, and malic
enzyme were reduced. As a result, it's
believed that garlic hypocholesterolemic
action is partly related to a reduction in
cholesterol synthesis. Indeed, garlic extracts
containing various Sulfur compounds were
effective at lowering blood cholesterol levels,
possibly due to an inhibition of hepatic
cholesterol formation (17).

SPINACH: (SPINACIA OLERACEA)

A lush green vegetable, spinach, originates
from the Amaranth family. Spinach may help
in reducing the risk of cancer and heart
disease (atherosclerosis), as well as
improving eye health and lowering oxidative
stress levels (18).

ACTIVE CONSTITUENTS

Spinach is an excellent source of many
vitamins and minerals, including iron,
calcium, potassium, flavonoids, magnesium,
vitamin A, vitamin C, vitamin K1, vitamin B6,
vitamin B9, and vitamin E. Likewise, Lutein,
nitrates of kaempferol, quercetin, and
zeaxanthin are found in spinach. (19).
EFFECT ON HYPERCHOLESTEROLEMIA
The flavonoid concentration of spinach
leaves (>1000 mg/kg) is equal to that of
other flavonoid-rich plants (8). Spinach also
includes lutein, a carotenoid antioxidant that
helps to decrease harmful cholesterol levels
(20).

HERBAL TEA: (CAMELLIA SINENSIS)
Tea includes numerous plant compounds
that are healthy for heart. Traditional teas, as
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well as some herbal teas, include
antioxidants that can help lower cholesterol
levels (21).

Black tea is produced using completely
fermented leaves, while green tea is
produced using unfermented leaves. Tea's
cholesterol-lowering impact is due to
catechins, a type of antioxidant, present in
the beverage (22).

Active Constituents

Catechins and quercetin are two of the most
active compounds in tea.

Effect on Hypercholesterolemia

Catechins assist in the activation of nitric
oxide, which is essential for maintaining
healthy blood pressure. They also help to
avoid blood clots by inhibiting cholesterol
synthesis and absorption (23).

SOYBEANS: (GLYCINE MAX)

Soybeans are the top oil seeds which are
produced worldwide, and are widely
cultivated for their lipid content (23). In
addition, because they are an incredible
resource of polyunsaturated fatty acids
(18%), soybeans have a high level of
nutrients, high-quality protein  (~40%),
dietary fibers and carbohydrates, particularly
glucose, sucrose, and raffinose (24).

Foods made from soybeans have long been
a staple of the human diet, but nowadays
soy has been given more attention due to its
health benefits such as decreasing the risk
of CVD (Cardio Vascular Diseases) by
lowering cholesterol levels (25,26).

The substantial number of phytochemicals
found in soybeans, including saponins,
soluble fibers, polysaccharides,
phytosterols, isoflavones, and lecithin, may
work individually or in concert to promote
health (27-29). For instance: saponins and
soy lecithin support lipid metabolism,
whereas phytosterols and linoleic acid play a
significant  role in showing  their
hypocholesterolemic activity while soy fibers
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are considered valuable in terms of weight
loss. Furthermore, the soy-proteins provide
health benefits by reducing LDL levels as
well as offering defense against renal failure,
and oxidative stress, and through raising
endothelial function indicators. (30).
FENUGREEK SEEDS: (TRIGONELLA
FOENUM-GRAECUM)

There are a number of abnormalities that are
associated with lipid metabolism, diabetes
mellitus, dyslipidemia, cardiac diseases,
inflammation, and many other disorders
(31). Currently, there are various modern
anti-hyperlipidemic medications available to
treat obesity, cardiac diseases, etc.
However, they have various unfavorable
effects and also impact financial strain (32).
In order to overcome this problem,
researchers discovered various medicinal
plants such as fenugreek which contains
anti-hyperlipidemic properties and
somewhat controls both obesity and
dyslipidemia (33). An annual plant belonging
to the Fabaceae family, fenugreek (Methi,
Trigonellafoenum-graecum) is widely known
for its  pharmacological properties.
Consuming fenugreek seeds lowers blood
and liver cholesterol levels and is an
excellent source of soluble dietary fiber (34).
Fenugreek seed powder for oral use has
also shown its antihyperlipidemic properties
in experimental animals (35). The real factor
responsible for this anti-hyperlipidemic
activity has not been established yet but it
might have been considered that increasing
the excretion of salts and bile acids as well
as inhibitors of hepatic cholesterol
biosynthesis produced by bacteria presentin
the lower part of the large intestine involved
in the fermentation of soluble dietary fibers,
total dietary fiber may have contributed to
lowering cholesterol levels (36).Fenugreek
seeds contain amino acids mainly 4-
hydroxyisoleucine and phenolic compounds
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mainly flavonoids. The hypolipidemic activity
of fenugreek is mainly due to 4-hydroxy
isoleucine, which is a typical branched
amino acid (37,38). Fenugreek's impact on
adipocytes and liver cells causes a decrease
in the production of cholesterol and
triglycerides, which enhances the LDL
levels, this is the reason behind the lowering
of lipid levels by fenugreek (39).

OLIVE (OLEA EUROPAEA) AND SESAME
OIL (SESAMUM INDICUM L.):

The olive and sesame oil are of great
therapeutic value in lowering cholesterol
levels. Sesame oil is considered great for its
lipid metabolism (40). On the other hand,
olive oil is of great value in lipid profile
balance. Olive oil is quite common in the
human diet and is considered beneficial for
its effects such as preventing various
degenerative diseases as well as coronary
heart diseases, skin and blood cancers, etc.
Olive oil contains oleic acid, squalene, and
phenolic compounds which contribute to its
health benefits (41). On the other hand,
sesame oil is also known for its various
benefits and therapeutic uses like anti-
cancer, anti-hyperlipidemic, and anti-
hypertensive. It induces the aldehyde
dehydrogenase expression, it's an alcohol
metabolizing enzyme. At the mRNA level,
sesamin  controls  lipid  metabolism,
xenobiotics, and alcohol (42,43). As a result,
we can say that both oils have shown the
same effects and there is no difference
between them. A study showed that the
Everyday intake of olive oil at a dose of 25
can improve heart health, minimize
cholesterol levels, and improved glutathione
antioxidant status (44).
SUGARCANE:
OFFICINARUM)
Sugarcane contains a chemical called
policosanol, a mixture of long-chain primary
alcohols, which is used as a supplement for

(SACCHARUM
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lowering the levels of cholesterol in the body.
It is either used alone or in combination with
other supplements. Studies have shown that
policosanol can impede the body's
production of cholesterol and the daily
consumption of this dietary supplement has
been demonstrated to lower the body's
levels of both LDL and total cholesterol.
Thus, it is helpful in treating cholesterol in
patients suffering from mild to moderate
hypercholesterolemia (45,46).

NUTS

Nuts contain lots of fiber, protein, vitamins,
nutrients,  antioxidants, and  healthy
monosaturated fats. Many studies have
shown that nuts contain the cholesterol-
lowering abilities in the body. Nuts such as
pistachios, almonds, walnuts, etc, help
reduce the body's triglyceride levels and are
good for people suffering from
hypercholesterolemia. The body's
triglyceride levels are reduced by omega-3
fatty acids, which are found in walnuts (47).
Almonds are also very helpful in lowering
cholesterol level and studies have shown
that almond decreases the LDL-cholesterol
and the total plasma cholesterol levels in the
body (48).

ARTICHOKE: (CYNARA CARDUNCULUS
VAR. SCOLYMUYS)

Another natural treatment for decreasing
cholesterol is the leaf extract of
Cynarascolymus, sometimes referred to as
artichoke thistle. In addition to lowering
blood glucose and cholesterol, C.
cardunculus leaf extract also treats
damaged and compromised kidneys. These
findings are relevant because HC s
connected to conditions that can be treated
with artichoke, including diabetes and kidney
impairment

(49)L.Inhibiting the enzyme HMG-

CoA reductase, which decreases blood chol
esterol levels and enhances lipid profiles, is
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one of the artichoke's anti-
hypercholesterolemia qualities(50).

RED YEAST RICE:
(MONASCUSPURPUREUS)

Red yeast rice is a rice product found in
China and is used as traditional medicine
(51,52).

It contains monacolins, phytosterols,
pigments, polyketides, unsaturated fatty
acids, and phytosterols (52,53). By blocking
5-hydroxy—methyl-glutaryl-coenzyme A
(HMG-CoA) reductase, a rate-limiting step in
the manufacture of cholesterol in the liver, it
reduces cholesterol levels. The substance is
comparable to lovastatin (a medication used
to treat hypercholesterolemia), especially
monacolins. (52,54).

OAT: (AVENA SATIVA)

Oats, being a high-fiber cereal with a variety
of nutritious qualities, can help lower
cholesterol levels in the blood (55).
Individuals with hyperlipidemia who ate oats
saw lower cholesterol and low-density
lipoprotein levels. It has also been reported
that the antioxidant capabilities of oats
reduce the oxidation of low-density
lipoproteins in a dose-dependent manner.
The recommended dosage for people with
hyperlipidemia is 28 g/day (56).

MINERAL AND VITAMIN SOURCES:
VITAMIN B3: (NIACIN)

The oldest lipid-lowering drug used to treat
hyperlipidemia is niacin, a water-soluble
vitamin of type B that has been shown to
decrease cardiovascular illness and overall
death rate. Triglycerides, LDL cholesterol,
and total cholesterol are all decreased.
Furthermore, when taken at a daily dose of
1 gm,
Niacin is the most successful treatment for |
ow HDL values (57).

VITAMIN B5: (PANTOTHENIC ACID)
Vitamin B5 is also known as pantothenic
acid, a water-soluble vitamin. It is necessary
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for coenzyme synthesis. In addition to
lowering LDL metabolism and lowering
triglycerides (58,59).

VITAMIN C: (ASCORBIC ACID)

Vitamin C is a water-soluble water-
soluble vitamin necessary for the productio

n of enzymes and tissue

repair. It helps some individuals' lipid metab
olism, shields LDL from oxidation, and redu
ces lipoprotein and atherosclerosis (60,61).

VITAMIN D: (CALCIFEROL)

Vitamin D is a fat-soluble vitamin with
numerous functions in the body, including
calcium homeostasis and the suppression of
foam cell formation, which reduces the risk
of arterial blockage and thus the problems
associated with cardiovascular diseases
(62,63).

CHOLINE

Choline controls lipoprotein and HDL metab
olism through the enzyme lecithin cholester
ol acyltransferase (64,65).

ANIMAL SOURCES; MEATS WITH LOW
CHOLESTEROL LEVEL

The saturated and trans fats in beef may
cause our bodies to produce more
cholesterol. As a result, people should try to
consume lean meat which contains as little
fat as possible.

Here are some general guidelines for
consuming meats low in cholesterol. Staying
away from meat cuts with a lot of visible fat.
Choose extra-lean or lean beef. Remove any
fat that is visible before cooking.Removing
any meat's skin before cooking. After
cooking, remove extra fat from the meat by
wiping it off or squeezing it out.

Using a grill, broiler rack, or any cooking
technique that allows fat to drain off of the
meat. (66, 67)

FISH

There are a number of fish that are naturally
low in saturated fat. Some people choose
tuna steaks over traditional steaks because
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they are higher in unsaturated fats and
omega-3 fatty acids, or they try a salmon
patty over a burger. Fatty fish like salmon,
herring, tuna, or mackerel should be
substituted with fatty chicken parts like beef,
pork, veal, and lamb because they contain
omega-3 fatty acids, an anti-inflammatory fat
that helps to lower LDL.
Your total lipid profile is getting better,
according to Zumpano. "When you swap out
the fat in meat with fish fat (68, 69).

Little total and saturated fat is found in
shellfish. On a TLC diet, you can
occasionally enjoy shrimp as long as your
daily cholesterol intake is less than 200mg.
For example, 3 ounces of steamed shrimp,
for instance, contains 167 mg of cholesterol.
(70)

According to the USDA Trusted Source, 100
g of baked salmon contains:
calories:160

*protein:25.8g

«fat:5.5g

scarbohydrates:0.1g

«fiber:0g

* sugars: 0.04 g(71)

STEAK

Lean cuts of steak, like sirloin or round
slices, are preferable for people controlling
their cholesterol. Also, think twice before
consuming “prime” or “select” portions of
beef. The USDA states that some beef
grades have a significant amount of marbling
or fat content. Considering that "select" cuts
are slimmer, they might be a better choice.
Aim for a 95% lean hamburger or even more
lean cuts of beef. A top beefsteak is an
example of a lean beef cut. 100 g of broiled
top beefsteak, based on the USDA Trusted
Source, contains

scalories:188

*protein:30.3g

«fat:6.5g

scarbohydrates:0g
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«fiber:0g

* sugars: 0 g (72)

The types of ingredients that they add along
with the exact nutritional content may vary by
the manufacturer.

POULTRY

Select low-fat options like turkey or chicken
breast. By selecting breast meat, one might
be capable of removing the skin and most of
the fat. The U.S. Department of Agriculture's
(USDA) Trusted Source estimates that 100
grams (g) of grilled skinless malformation
includes the following components:

calories: 151

protein: 30.5 g

fat: 3.2 ¢

carbohydrates: 0 g

fiber: 0 g

sugars: 0 g(73)

TOFU:

A versatile meat substitute prepared from
mashed soybean curd is tofu. According to
the USDA Trusted Source, 100 g of tofu has
the following components:

calories: 144

protein: 17.3 g

fat: 8.7 g
carbohydrates: 2.8 g
fiber: 2.3 g

sugars: N/A (74, 75)
CONCLUSION

High levels of cholesterol can be a result of
your diet and lifestyle, genetics, or some of
both. Because high cholesterol doesn'’t
generate any symptoms, it might be
challenging to determine if you have it. If
your cholesterol levels are high, you have a
higher risk of having a heart attack, a stroke,
and other illnesses.

Waxy substances called phytosterols
derived from plants. They inhibit cholesterol
from being absorbed by your intestines.
They can be found in whole rains, nuts and
vegetables in their natural state.
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It has been suggested during the past
several decades that increasing the amount
of fibre, particularly B-glucans, in the diet
lowers cholesterol levels. The precise
mechanism behind this response is still not
known, though. Garlic supposed to reduce
the blood's tendency to clot and assist lower
cholesterol levels. Spinach might help in the
prevention of cancer and heart disease
(atherosclerosis). Herbal tea includes
antioxidants that can help lower cholesterol
levels. Soybean has been given more
attention due to its beneficial effects on
health, such as reducing cholesterol to
reduce the risk of CVD. Fenugreek Seeds
and Nuts contain the cholesterol-lowering
abilities. Olive and Sesame oil are of great
therapeutic value in lowering cholesterol
levels. Sugarcane contains a chemical
called policosanol, used in lowering the
levels of cholesterol. Artichokes and Oats
can also be helpful in reducing blood
cholesterol levels.

Vitamins that are helpful in the management
of hypercholesterolemia includes vitamin
B3, B5, Vitamin C and D by either lowering
LDL or by reducing the risk of arterial
blockage and thus the problems associated
with cardiovascular diseases.

A diet rich in high-fiore foods like fruits,
vegetables, whole grains, lentils, and beans
combined with unsaturated fats found in
foods such as olive oil, some nuts, and fatty
fish can lower LDL and safeguard your heart.
Choose unflavored milk, yoghurt and
cheese. If you have high cholesterol or heart
problems, choose low-fat products. Make
sure there is no added sugar by checking the
labels. Non-dairy milks and yogurts are also
acceptable to consume; just make sure they
have calcium added and no additional sugar.
The primary goal of treating familial
hypercholesterolemia is to lower the
abnormally high LDL (bad) cholesterol
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levels. By doing so, the risks of death and
heart attack is reduced.

REFERENCES

1. Durrington P. Dyslipidaemia. The Lancet.
2003 Aug 30;362(9385):717-31.

2. Talapatra SK, Talapatra B, Talapatra SK,
Talapatra B. Steroids: cholesterol and
other phytosterols. Chemistry of Plant
Natural  Products:  Stereochemistry,
Conformation, Synthesis, Biology, and
Medicine. 2015:553-83..

3. Kontush A, Chapman MJ.
Antiatherogenic small, dense HDL—
guardian angel of the arterial wall?.
Nature clinical practice Cardiovascular
medicine. 2006 Mar 1;3(3):144-53..

4. Ansari MH, Ahmad S. Herbs that heal:
Natural remedies for health promotion
and longevity. Annals of Phytomedicine.
An International Journal. 2019;8(1):7-18.

5. Subczynski WK, Pasenkiewicz-Gierula
M, Widomska J, Mainali L, Raguz M.
High cholesterol/low cholesterol: effects
in biological membranes: a review. Cell
biochemistry and biophysics. 2017
Dec;75:369-85.

6. Chailangka A, Leksawasdi N,
Ruksiriwanich W, Jantanasakulwong K,
Rachtanapun P, Sommano SR,
Khaneghah AM, Castagnini JM, Barba
Orellana FJ, Kumar A, Phimolsiripol Y.
Natural ingredients and probiotics for
lowering cholesterol and saturated fat in
dairy products: An updated review.
Quality Assurance and Safety of Crops
and Foods, 2023, vol. 15, num. 2, p. 140-
160. 2023.

7. Bouillon R, Norman AW, Lips P. Vitamin
D deficiency. N EnglJ Med. 2007 Nov
8;357(19):1980-Carton J, Daly R,

Pak J Med &Biol. Sci. 2023 Vol-07, Issue-01

8. Ramani P. Clinical pathology. Oxford
University Press, USA; 2007.

9. Civeira F, International Panel on
Management of Familial
Hypercholesterolemia. Guidelines for the
diagnosis  and management  of
heterozygous familial
hypercholesterolemia. Atherosclerosis.
2004 Mar 1;173(1):55-68.

10.Mouritsen OG, Zuckermann MJ. What's
so special about cholesterol?. Lipids.
2004 Nov;39(11):1101-13.

11.Chen ZY, Ma KY, Liang Y, Peng C, Zuo
Y. Role and classification of cholesterol-
lowering functional foods. Journal of
Functional foods. 2011 Apr 1;3(2):61-9.

12.Shang A, Cao SY, Xu XY, Gan RY, Tang
GY, Corke H, Mavumengwana V, Li HB.
Bioactive compounds and biological
functions of garlic (Allium sativum L.).
Foods. 2019 Jul 5;8(7):246..

13.Ried K. Garlic lowers blood pressure in
hypertensive  individuals, regulates
serum cholesterol, and stimulates
immunity: an updated meta-analysis and
review. The Journal of nutrition. 2016
Feb 1;146(2):389S-96S..

14.Ried K. Garlic lowers blood pressure in
hypertensive subjects, improves arterial
stiffness and gut microbiota: A review
and meta-analysis. Experimental and
Therapeutic  Medicine. 2020 Feb
1;19(2):1472-8.

15.Mulawarman R, Trifitriana M, Felani MR,
Tondas AE. 13. Garlic effect on reduce
blood pressure and cholesterol in
patients with and without hypertension: a
systematic review and meta-analysis of
randomized controlled trials. Journal of
Hypertension. 2021 May 1;39:e4..

16.Zeng T, Guo FF, Zhang CL, Song FY,
Zhao XL, Xie KQ. A meta-analysis of

https://pjmbs.gcuf.edu.pk/index.php/pjmbs



MANAGEMENT OF HYPERCHOLESTEROLEMIA THROUGH MAXIMUM NATURAL SOURCES AVAILABLE
IN PAKISTAN

randomized, double-blind, placebo-
controlled trials for the effects of garlic on
serum lipid profiles. Journal of the
Science of Food and Agriculture. 2012
Jul;92(9):1892-902.

17.Hosseini A, Hosseinzadeh H. A review
on the effects of Allium sativum (garlic) in
metabolic syndrome. J Endocrinol Invest.
2015; 38(11): 1147-1157. doi:
10.1007/s40618-015-0313-8. PMID:
26036599.

18.Healthline. Spinach Nutrition: Vitamins
and Minerals. [Internet]. Available from:
https://www.healthline.com/nutrition/food
s/spinach#vitamins-and-minerals

19.Gil MI, Ferreres F, Tomas-Barberan FA.
Effect of postharvest storage and
processing on the antioxidant
constituents (flavonoids and vitamin C) of
fresh-cut Spinach. J Agric Food Chem.
1999;47:2213-7.

20.Lomnitsky L, Carbonatto M, Ben-Shaul
V, Peano S, ConzA, Corradin J,
Maronpot RR, Grossman S, Nyska A.
The prophylactic effects of natural water-
soluble antioxidant from Spinach and
apocynin in a rabbit model of
lipopolysaccharide-induced
endotoxemia. ToxicolPathol.
2000;28:588-600.

21.Healthline. 13 Foods That Lower
Cholesterol Levels. [Internet]. Available
from:
https://www.healthline.com/nutrition/13-
foods-that-lower-cholesterol-levels

22.AARP. Foods That Help Lower
Cholesterol. [Internet]. Available from:
https://www.aarp.org/health/healthy-
living/info-09-2012/foods-that-help-
lower-cholesterol-slideshow.html

23.Mattson J.W., Sun C., Koo W.W.
Analysis of the World Oil Crops Market.
[Internet]. Available from:

Pak J Med &Biol. Sci. 2023 Vol-07, Issue-01

http://ageconsearch.umn.edu/handle/23
621

24.Singh P., Kumar R., Sabapathy S.N.,
Bawa A.S. Functional and edible uses of
soy protein  products. CRFSFS.
2008;7:14-28. doi: 10.1111/j.1541-
4337.2007.00025.x.

25.Dixit A.K., Antony J.1.X., Sharma N.K.,,
Tiwari R.K. Opportunity. [Internet].
Soybean Constituents and  Their
Functional Benefits. Available from:
http://www.trnres.com/ebook/uploads/tiw
ari/T_1302158885Tiwari-12.pdf

26.McCue P., Kalidas S. Health benefits of
soy isoflavonoids and strategies for
enhancement: A review. Crit. Rev. Food
Sci.  Nutr. 2004;44:361-367. doi:
10.1080/10408690490509591.  PMID:
15640503.

27.Manach C., Scalbert A., Morand C.,
Rémésy C., Jiménez L. Polyphenols:
Food sources and bioavailability. Am. J.
Clin. Nutr. 2004;79:727-747. PMID:
15051630.

28.Hu X., Gao J., Zhang Q., Fu Y., LiK., Zhu
S., Li D. Soy fiber improves weight loss
and lipid profile in overweight and obese
adults: A randomized controlled trial. Mol.
Nutr. Food Res. 2013;57:2147-2154.
doi: 10.1002/mnfr.201300159. PMID:
24038450.

29.McGraw N.J., Krul E.S., Grunz-
Borgmann E., Parrish A.R. Soy-based
renoprotection. World J. Nephrol.
2016;5:233-257. doi:
10.5527/wjn.v5.i3.233. PMID: 27122649.

30.0moni A.O., Aluko R.E. Soybean foods
and their benefits: Potential mechanisms
of action. Nutr. Rev. 2005;63:272-283.
doi: 10.1111/5.1753-
4887.2005.tb00141.x. PMID: 16048462.

31l.Lee CH, Olson P, Evans RM. Mini-
review: lipid metabolism, metabolic
diseases, and peroxisome proliferator-

https://pjmbs.gcuf.edu.pk/index.php/pjmbs


https://www.healthline.com/nutrition/foods/spinach#vitamins-and-minerals
https://www.healthline.com/nutrition/foods/spinach#vitamins-and-minerals
https://www.healthline.com/nutrition/13-foods-that-lower-cholesterol-levels
https://www.healthline.com/nutrition/13-foods-that-lower-cholesterol-levels
https://www.aarp.org/health/healthy-living/info-09-2012/foods-that-help-lower-cholesterol-slideshow.html
https://www.aarp.org/health/healthy-living/info-09-2012/foods-that-help-lower-cholesterol-slideshow.html
https://www.aarp.org/health/healthy-living/info-09-2012/foods-that-help-lower-cholesterol-slideshow.html
http://ageconsearch.umn.edu/handle/23621
http://ageconsearch.umn.edu/handle/23621
http://www.trnres.com/ebook/uploads/tiwari/T_1302158885Tiwari-12.pdf
http://www.trnres.com/ebook/uploads/tiwari/T_1302158885Tiwari-12.pdf

MANAGEMENT OF HYPERCHOLESTEROLEMIA THROUGH MAXIMUM NATURAL SOURCES AVAILABLE
IN PAKISTAN

activated receptors. Endocrinology 2003;
144:2201-7.

32.Garg A, Simha V. Update on
dyslipidemia. J ClinEndocrinolMetab
2007; 92:1581-9.

33.Kelly RB. Diet and exercise in the
management of hyperlipidemia.
American family physician. 2010 May
1;81(9):1097-102..

34.Mehkri S, Ambarish C, Madankumar BJ,
Shivayogi P, Bopanna K. Effect of two
doses of Fenugreek Flakes (FenuLean
TM) on appetite, body-weight and blood
glucose homeostasis: A randomized,
double-blind, multicenter, three-arm,
long-term, control study in 100 healthy
subjects. International Journal of Medical
Science and Clinical  Research.
2019;1(4):07-14.

35.Basch E, Ulbricht C, Kuo G, Szapary P,
Smith M. Therapeutic applications of
fenugreek. Altern Med Rev 2003; 8:20-7.

36.Soliman GA. Dietary fiber,
atherosclerosis, and cardiovascular
disease. Nutrients. 2019
May;11(5):1155.

37.Analavamitra, Bhattacharya D. The
dose-dependent effects of fenugreek
composite in diabetics with dislipidaemia.
Internet J Food Safety 2006; 8:49-55.

38.BelaidNouira Y, Bakhta H, Bouaziz M.
Study on the lipid profile and the parieto-
temporal lipid peroxidation in Alcl3-
mediated neurotoxicity: the modulatory
effect of fenugreek seeds. Lipids Health
Dis 2012; 11:6.

39.Jetle L, Harvey L, Eugeni K, Leven SN.
The 4-hydroxy isoleucine plant-derived
treatment for metabolic syndrome.
CurrOpininvestigat Drugs 2000: 2009;
10:353-8.

40.Frankel EN. Nutritional and biological
properties of extra virgin olive oil. Journal

Pak J Med &Biol. Sci. 2023 Vol-07, Issue-01

of Agricultural and Food Chemistry. 2011
Feb 9;59(3):785-92.

41.Ng CY, Leong XF, Masbah N, Adam SK,
Kamisah Y, Jaarin K. Heated vegetable
oils and cardiovascular disease risk
factors. Vascular pharmacology. 2014
Apr 1;61(1):1-9.

42.Tsuruoka N, Kidokoro A, Matsumoto |,
Abe K, Kiso Y. Modulating effect of
sesamin, a functional lignan in sesame
seeds, on the transcription levels of lipid-
and alcohol-metabolizing enzymes in rat
liver. A DNA microarray study.
BiosciBiotechnolBiochem. 2005;69:179—
88. PMID: 15747056.

43.Namiki M. Nutraceutical functions of
sesame: A review. Crit Rev Food
SciNutr. 2007;47:651-73. PMID:
17671833.

44.Covas MI, Nyyssonen K, Poulsen HE,
Kaikkonen J, Zunft HJ, Kiesewetter H, et
al. The effect of polyphenols in olive olil
on heart disease risk factors: A
randomized trial. Ann Intern Med.
2006;145:333-41. PMID: 16926275.

45.0gier N., Amiot, MJ.,Georgé, S. et al.
LDL-cholesterol-lowering effect of a
dietary supplement with plant extracts in
subjects with moderate
hypercholesterolemia. Eur J Nutr 2013;
52:547-557. doi: 10.1007/s00394-012-
0357-x.

46.Singh DK, Li L, Porter TD. Journal of
Pharmacology and Experimental
Therapeutics. September 2006, 318 (3):
1020-1026. doi:
10.1124/jpet.106.107144.

47.R. Morgan Griffin. February 02, 2009.
The New Low-Cholesterol Diet: Nuts.
Retrieved from "Nuts Help Lower Bad
Cholesterol" (webmd.com).

48.Li SC, Liu YH, Liu JF, Chang WH, Chen
CM, Chen CY. Almond consumption
improved glycemic control and lipid

https://pjmbs.gcuf.edu.pk/index.php/pjmbs ﬂ



MANAGEMENT OF HYPERCHOLESTEROLEMIA THROUGH MAXIMUM NATURAL SOURCES AVAILABLE
IN PAKISTAN

profiles in patients with type 2 diabetes
mellitus. Metabolism. 2011 Apr
1;60(4):474-9.
10.1080/07315724.1992.12098233.

49.Alkushi  AG. Biological effect of
Cynaracardunculus on kidney status of
hypercholesterolemic rats.
Pharmacognosy Magazine.
2017;13:S430-S436.

50.Header EA, ElSawy NA, Alkushi AG.
Biological effect of Cynaracardunculus
on liver and heart status for
hypercholesterolemic rats. Australian
Journal of Basic and Applied Sciences.
2017;11(2):41-49.

51.Burke FM. Red vyeast rice for the
treatment of dyslipidemia. Current
Atherosclerosis Reports. 2015;17(4):49.

52.Francini-Pesenti F et al. Red yeastrice in
the long-term treatment of
hypercholesterolemia. A single-center
experience. Acta Scientific Agriculture.
2017;1(3):16-18.

53.Patel S. Functional food red yeast rice
(RYR)  for  metabolic  syndrome
amelioration: A review on pros and cons.
World Journal of Microbiology and
Biotechnology. 2016;32(5):2035-2042.

54.Zhang Z, Ali Z, Khan SI, Khan IA.
Cytotoxic monacolins from red yeast rice,
a Chinese medicine and food. Food
chemistry. 2016 Jul 1;202:262-8..

55.Seal, CJ, Mathers, JC. Comparative
gastrointestinal and plasma cholesterol
responses of rats fed on cholesterol-free
diets supplemented with guar gum and
sodium alginate. Br J Nutr. 2001;85:317—
324. PMID: 11242448.

56.Maisonnier, S, Gomez, J, Bree, A, Berri,
C, Baeza, E, Carre, B. Effects of
microflora status, dietary bile salts and
guar gum on lipid digestibility, intestinal
bile salts, and histomorphology in broiler

Pak J Med &Biol. Sci. 2023 Vol-07, Issue-01

chickens. Poult Sci. 2003;82:805-814.
PMID: 12710419.

57.Carlson, L.A. Nicotinic acid: the broad-
spectrum lipid drug. A 50th anniversary
review. J. Intern. Med. 2005; 258(2):94-
114.

58.McRae M. Treatment of
hyperlipoproteinemia with pantethine: A
review and analysis of efficacy and
tolerability. Nutrition Research.
2005;25:319-333.

59.Rumberger J, Napolitano J, Azmumano
I, et al. Pantethine, a derivative of vitamin
B(5) used as a nutritional supplement,
favorably alters low-density lipoprotein
cholesterol metabolism in low- to
moderate-cardiovascular  risk  North
American subjects: A triple-blinded
placebo and diet-controlled investigation.
Nutrition Research. 2011;31:608-615.

60.Woollard K, Loryman C, Meredith E, et al.
Effects of oral vitamin C on monocyte:
Endothelial cell adhesion in healthy
subjects. Biochemical and Biophysical
Research Communications.
2002;294:1161-1168.

61.Shariat S, Mostafavi S, Khakpour F.
Antioxidant effects of vitamins C and E
on the low-density lipoprotein oxidation
mediated by myeloperoxidase. Iranian
Biomedical Journal. 2013;17:22-28.

62.Riek A, Oh J, Bernal-Mizrachi C. Vitamin
D regulates macrophage cholesterol
metabolism in diabetes. The Journal of
Steroid Biochemistry and Molecular
Biology. 2010;121:430-433.

63.Guasch A, Bull6 M, Rabassa A, et al.
Plasma vitamin D and parathormone are
associated with obesity and atherogenic
dyslipidemia: A cross-sectional study.
Cardiovascular Diabetology.
2012;11:149.

64.Vance D. Role of phosphatidylcholine
biosynthesis in the regulation of

https://pjmbs.gcuf.edu.pk/index.php/pjmbs



MANAGEMENT OF HYPERCHOLESTEROLEMIA THROUGH MAXIMUM NATURAL SOURCES AVAILABLE
IN PAKISTAN

lipoprotein homeostasis. Current Opinion
in Lipidology. 2008;19:229-234.

65.Kunnen S, Van Eck M.
Lecithin:cholesterolacyltransferase: Old
friend or foe in atherosclerosis? Journal
of Lipid Research. 2012;53:1783-1799.

66.Harada-Shiba M, Arai H, Oikawa S, Ohta
T, Okada T, Okamura T, Nohara A, Bujo
H, Yokote K, Wakatsuki A, Ishibashi S.
Guidelines for the management of
familial hypercholesterolemia. Journal of
atherosclerosis and thrombosis.
2012;19(12):1043-60.

67.Johnson, J. What Meats and Meat
Alternatives Are Low in Cholesterol?.
Medical News Today. June 29th, 2021.
Available from
https://www.medicalnewstoday.com/arti
cles/low-cholesterol-meats.

68. Clarke. Reduction of cholesterol levels in
meat, poultry, and fish products.
Production and processing of healthy
meat, poultry, and fish products, 101-
117, 1997.

69.Ajuyah, A.O., Hardin, R.T., Cheung, K.,
and Sim, J.S. Yield, lipid, cholesterol, and
fatty acid composition of spent hens fed
full-fat oil seeds and fish meal diets. J.
Food Sci., 57, 338.

Pak J Med &Biol. Sci. 2023 Vol-07, Issue-01

70.Cleveland, C. 8 Cholesterol-Lowering
Foods To Try. Health Essentials. January
28th, 2013. Available from
https://health.clevelandclinic.org/foods-
that-lower-cholesterol/.

71.Robert Barger. Nutrition Low Cholesterol
- Daily Food Guide: Meats. Onhealth.
July 13th, 2017.

72.Akinwumni, 1., Thompson, L.D., and
Ramsey, C.B. Marbling, fat trim, and
doneness effects on sensory attributes,
cooking loss, and composition of cooked
beef steaks. J. Food Sci., 58, 242.

73.Ba-Jaer, A.S., Sofos, J.N., Schmidt,
G.R., and Maga, J.A. Extrusion cooking
of chicken meat with various nonmeat
ingredients. Dev. Food Sci., 29, 761.

74.Qing Zhang, Wen Qin. Tofu and Soy
Products: The Effect of Structure on
Their  Physicochemical  Properties.
Encyclopedia of Food Chemistry, 96-
104, 20109.

75.Jae-Young Her, Heera Cho, Mina K. Kim,
Kwang-Geun Lee. Organic acids as a
freshness indicator for tofu (soybean
curd). Journal of Food Science and
Technology, 54, 11, 3443-3450, 2017.

https://pjmbs.gcuf.edu.pk/index.php/pjmbs ﬂ


https://www.medicalnewstoday.com/articles/low-cholesterol-meats
https://www.medicalnewstoday.com/articles/low-cholesterol-meats
https://health.clevelandclinic.org/foods-that-lower-cholesterol/
https://health.clevelandclinic.org/foods-that-lower-cholesterol/

