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Abstract
The goal of this review is to discuss many aspects of cholesterol homeostasis in the body in order to presents 

the standards of cholesterol disposition and its levels, especially when several means might change the features of 
cholesterol synthesis and absorption and interrupt this equilibrium. 

With the detection of pathways of cholesterol absorption and the discovery of different compounds that amend 
cholesterol absorption, there is a series of cholesterol lowering drugs, which may decrease the level of serum cholesterol 
by altering its absorption. It is recognized that the effects of cholesterol lowering drugs as well as genetics of a person, 
loss of body weight, enzymes and proteins may increase the cholesterol altering effect, but the impact of these agents 
on the mechanism of cholesterol homeostasis are poorly understood. The disturbance of cholesterol homeostasis is 
also related with vascular changes associated with cardiac and kidney problems. 

Besides using different drugs and other means (plant sterol, enzyme, protein etc.), there is a need to improve the 
dietary pattern and life style. These may help to improve the cholesterol homeostasis.
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Introduction
Cholesterol is an oil-based substance. It is found in every cell of 

the body and has important natural functions. Cholesterol is a vital 
substance that is formed by the body but is also consumed from 
animal-derived foods. It is produced by foods that contain oil and fat. 
It is also synthesized in the liver [1].

Dietary Source of Cholesterol and Consumptions of 
Calories

Cholesterol is found in animal foods include meats, poultry, fish, 
eggs, and milk products. According to Canadian Nutrient file the milk 
products are milk itself, ice cream, cheese (all varieties), milk shake 
used in routine. The cholesterol present in these milk products, give 
calories in ranges (ranges shows the variation of dietary source used) 
as follow:

One-cup milk containing cholesterol gives 21-26 calories, Half cup 
of ice-cream gives 83 calories, one and a half oz. cheese of all varieties 
gives 36-42 calories and one cup milk shake gives 27-40 calories. 

Cholesterol present in meat and meat products including lamb, 
beef, chicken and fishes give calories as follow:

Two and half oz. lamb gives 36-99 calories, chicken gives 55-99 
calories, and beef gives 53-96 calories. On the other hand two and half 
oz. liver chicken/lamb and liver of beef gives 310-423 calories and 266-
297 calories respectively. Meat of fish and seafood gives 56-110 calories. 
The egg products give 179-193 calories.

Significance of Dietary Sources of Cholesterol
Diet containing palm oil considerably increased total, LDL-, and 

HDL-cholesterol concentrations in comparison with vegetable oils 
that are low in saturated fat. Palm oil was also found to considerably 
increase HDL cholesterol as compared to trans-fat–containing partially 
hydrogenated vegetable oils [2,3].

Tea is a very popular beverage and is available in different forms 
like green, black and oolong tea. The catechins and the aflavins are 
polyphenols present in green and black teas. The animal studies show 
that these polyphenols prevent cholesterol absorption in intestine. 
Drinking green tea or green tea catechins lowers the serum cholesterol 
levels. The polyphenols hinder the micellar solubilization of cholesterol. 
The inadequate solubility of cholesterol by these polyphenols can be an 
important source of inhibition of cholesterol absorption [4].

Daily consumption of peanuts (46 g/d) over 24 week improved the 
nutrient profile of the diet (increased unsaturated fat, α-tocopherol, 
niacin, and magnesium) and also improved the ratio of ratio of 
different lipids [1]. Major dietary sources of polar lipids are soybean, 
egg and marine lecithins [2]. Saturated Fatty Acids present in cheese 
and meat caused higher HDL-cholesterol and apo A-I concentrations. 
Cheese also causes a lower apoB: apo A-I ratio [5].

Hazards of Dietary Sources of Cholesterol
Dietary cholesterol raises the vulnerability of low-density 

lipoprotein to oxidation, upsurges postprandial lipemia and 
potentiates the adverse effects of dietary saturated fat. Egg is 
one of the major source of dietary cholesterol and it increases 
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Factors Affecting the Cholesterol Absorption
Factors that give cholesterol-lowering affect by inhibiting the 

synthesis and absorption of cholesterol may be plant sterol, barley 
β-glucan, phospholipids, soluble fibers, phytosterols and a compound 
ezetimibe. On the other hand the hormone Cholecystokinin produced 
in G.I.T increases cholesterol absorption.

Plant sterols employ a hypocholesterolemic activity as it prevents 
intestinal absorption of cholesterol. As the sterol-solubilizing capacity 
of bile salt micelles was limited, plant sterols solubilized in micelles 
reduced the solubility of cholesterol. This might be the main reason of 
inhibition of cholesterol absorption by plant sterols [18].

A study demonstrated that the ingestion of barley β-glucan drops 
cholesterol by affecting the cholesterol synthesis, cholesterol absorption 
or bile acid synthesis. Results of this study indicated that improved bile 
acid synthesis rather than inhibition of cholesterol absorption or its 
synthesis could be accountable for the cholesterol-lowering effect of 
barley β-glucan [19]. 

Other studies experimentally proved that Phospholipids can impede 
intestinal absorption of cholesterol. Possible mechanisms that indicate 
inhibition of cholesterol intestinal absorption by phospholipids:

1. Additional Phospholipids hinders with effective micellar 
Phospholipids hydrolysis - a criterion for mucosal uptake of 
cholesterol.

2. Excess Phospholipids modifies the physicochemical properties 
of mixed micelles (i.e., their composition, size, and its 
natural characteristics) subsequent in reduced absorption of 
cholesterol.

3. Phospholipids has a direct effect on cellular cholesterol 
transporters that control intestinal cholesterol uptake [20].

Soluble fibers and phytosterols are the most potent substances 
that act as cholesterol absorption inhibitors. They are extensively used 
by the foodstuff production to improve the health-related stuffs of 
various food products. Their capacity to decrease intestinal cholesterol 
uptake leads to fall in the intestinal chylomicrons cholesterol content, 
transport of cholesterol to the liver decreased within chylomicron 
remnants, lower plasma levels of Low Density Lipoprotein–cholesterol 
(LDL-chol) and increased hepatic LDL -receptor movement. Decrease 
conversion of Very Low Density Lipoprotein, reduced liver Very Low 
Density Lipoprotein production and LDL also adds to lower Low 
Density Lipoprotein levels [21].

Also another factor that promotes cholesterol absorption is alkaline 
sphingomyelinase in the gut. This enzyme promotes cholesterol 
absorption by reducing dietary sphingomyelin levels in the intestinal 
lumen [22]. However it is reported that in humans, 1 g/day of dietary 
sphingomyelin does not change the blood lipid profile but causes an 
increase in High Density Lipoprotein -cholesterol concentration with 
no effect on cholesterol absorption and synthesis [23]. A compound, 
ezetimibe enhances the lipid profile in diabetic patients with 
dyslipidemia by reducing the cholesterol absorption [24]. 

In few cases, metabolism of bile acid might be affected (e.g., soluble 
fibers), that could be a mechanism for lowering of cholesterol. These 
compounds can be used as cardiovascular nutraceuticals and help to 
lower the Lower Density Lipoprotein -cholesterol levels in patients 
who are not able to touch their target Low Density Lipoprotein 
concentration [25].

the risk of coronary heart diseases by damaging the arteries [6]. 
Rates of cholesterol absorption differ extensively in the population 
from 25% to 80%, and average approximately 50% [7]. For an 
individual, the absorption rate seems to be persistent over time. In an 
individual, cholesterol is secreted into bile at the maximal rate of 2 g/
day, consumed at rate of 0.4 g/day from diet and later absorbed at a rate 
of 50%, lost at 1.2 g/day in the feces. If such an individual also loses 0.4 
g/day of cholesterol in the form of bile salts, the total loss of cholesterol 
would be 1.6 g/day (i.e., 25% as bile salts and 75% as cholesterol). The 
net daily production of cholesterol is equivalent to the amount of 
cholesterol lost in the feces minus the dietary cholesterol, which in this 
case totals to 1.2 g/day. This specifies that the quantity of cholesterol 
absorbed is equivalent to the amount lost (i.e., the body manufactures 
an amount approximately equal to the amount it absorbs) [8].

Intestinal Cholesterol Absorption
Cholesterol balance is achieved by its synthesis in the body and 

by absorption in the gastrointestinal tract [8]. Cholesterol absorption 
occurs mainly in the duodenum and proximal jejunum that vary in 
different peoples [9]. Dietary and biliary cholesterol are the main 
sources for the intestinal absorption, which has roughly about 1/3 and 
2/3 absorption, correspondingly [10]. There are two major stages of 
cholesterol absorption [11,12]. 

First stage of cholesterol absorption
The first stage is in the lumen and it engages digestion and 

hydrolysis of dietary lipids and tracked by solubility of cholesterol in 
mixed micelles containing bile acid/bile salts and phospholipids. Bile 
salts are secreted into bile at the rate of roughly arond 24 g/day, but are 
produced at only a segment of this rate. The reason is because bile salts 
are recycled to liver from the ileum, where transporters present on the 
plasma membrane of the enterocytes in the distal region of the small 
intestine very competently take up bile salts (~98%) from the lumen 
and translocate them into the portal blood for return to the liver [13]. 

In addition to bile salts, cholesterol is secreted into bile at rates 
that vary up to 2 g/day. Within the intestine, biliary cholesterol 
mixes with cholesterol in the diet. Consequently, most cholesterol 
within the intestinal lumen is derived from internal sources via bile, 
whereas the diet contributes a relatively minor fraction. This process of 
solubilisation make easy the cholesterol movement from the bulk stage 
of the lumen to enterocyte surface [14]. 

Hepatocytes very proficiently clear bile salts from the portal blood 
and re-secrete them into bile. The movement of bile salts between the 
liver and intestine is called the enterohepatic circulation. Although 
this process is extremely competent, 1–2% of bile salts spilled into 
the feces and escape recycling. This sums to a loss of approximately 
of 0.4 g/day of cholesterol in the form of bile salt molecules. Within 
the liver, the conversion of bile salts to cholesterol occurs at a rate that 
accurately balances the loss into the feces. Bile salt sequestrants, such as 
colesevelam and cholestyramine, function to upsurge the fecal loss of 
bile salts. The liver responds by upregulating bile salt synthesis, and this 
ingests cholesterol within the liver [15].

Second stage of cholesterol absorption
In the second stage, cholesterol crosses the mucosal cell membrane 

by the processes of simple and facilitated diffusion. Thus, there 
is no need to any cholesterol transporter. In side of cell there is re-
esterification of cholesterol is carried out. This esterified cholesterol 
is added into apolipoprotein containing lipoproteins that are secreted 
into the lymph [16,17].
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Data from studies indicate that Cholecystokinin increases 
cholesterol absorption by activation of a pathway comprising CCK1R/
CCK2R, Rab11a, Gβγ, PI3K, Akt, and NPC1L [26].

Physiological Factors Affecting Cholesterol Absorption 
in Intestine

Number of physiological and therapeutic factors affects cholesterol 
homeostasis, including: genetics of a person, circadian rhythm, body 
weight, enzymes, proteins ezetimibe, and statin therapy. However 
these factors shows a reciprocal link between absorption of cholesterol 
and its synthesis [27].

Genetic factors affecting cholesterol metabolism demonstrate an 
inverse relationship between two genetic vectors. These genetic vectors 
are the carriers of the isoform of apolipoprotein E or E2 and ATP 
binding cassette (ABC) or G8. The mutation of these variants causes 
a reduced absorption of cholesterol along with increased synthesis 
of cholesterol. Increased body weight indicates increase synthesis of 
cholesterol following with a reduction in the absorption of cholesterol. 
Loss of weight loss may decreased synthesis of cholesterol but has no 
effect on its absorption [27].

Therapeutic factors including stanols and plant sterols inhibit the 
absorption of cholesterol, but as a compensation increase its synthesis. 
Example is observed on case of Ezetimibe, that decreases the absorption 
of cholesterol from intestine with increase in synthesis of cholesterol. 
It also turn as the inhibitor of Niemann-Pick C1 protein and stops the 
formation of gallstone by decreasing the bioavailability of intestine- 
derived cholesterol to liver for biliary secretion. It also desaturate bile 
via the inhibition of intestinal cholesterol absorption [28].

Statin therapy reduces the synthesis of cholesterol and increases 
its absorption. These findings suggest that a change in one vector, 
consistently, results in a compensatory and opposing change in the 
other [29]. 

Orlistat restricts cholesterol absorption by the inhibition of NPC1L1 
transport protein [30]. Berberine decreases the blood cholesterol 
levels by inhibiting the intestinal absorption and also by interrupting 
with intraluminal cholesterol micellarization and also by reducing 
the enterocyte cholesterol secretion and its uptake [31]. Evolocumab 
has a little effect on cholesterol synthesis and absorption regardless 
of significant Low Density Lipoprotein -Cholesterol lowering [32]. 
Pravastatin (PR) treatment reduced duodenal cholesterol transporter 
expression in mice. PR-induced increases in liver X receptor may be 
involved in reduction of Niemann-Pick C1-like 1 expression, lowers 
the intestinal cholesterol absorption [33].

Alkaline –sphingomyelinase help cholesterol absorption by 
decreasing the sphingomyelin levels in the intestinal lumen [22]. 
Niemann-Pick C1 Like 1(NPC1L1) protein plays a very important 
role in the absorption of intestinal cholesterol. NPC1L1 expression 
is augmented in small intestine and is present in the brush border 
membrane of enterocytes [34]. 

In addition, dietary sphingomyelin has perhaps valuable effects 
on diet-induced hepatic steatosis by decreasing the intestinal 
cholesterol absorption [35]. Numb, a clathrin adaptor is a pivotal 
protein for intestinal cholesterol absorption and is a target for 
hypercholesterolemia [36].

Further studies reveal that Anacetrapib (ANA) promotes pre β 
High Density Lipoprotein in vivo functionality, but has no effects on 
absorption of cholesterol [37]. Another study showed that the nonlipid 

fraction of Nostoc commune var. sphaeroids Kützing, a blue-green alga 
exerts cholesterol and triglyceride lowering effects mainly by increasing 
hepatic fatty acid oxidation and by inhibiting intestinal cholesterol 
absorption [38]. 

A study proved that lycopene has inhibitory effect on the absorption 
of cholesterol in the intestinal cells. This inhibitory effect of lycopene is 
mediated, to some extent, by liver X receptor α, Niemann-Pick C1-like 
1 signaling pathway [39]. In a rodent model of metabolic syndrome, 
statin treatment poorly up-regulates intestinal lipid secretion because 
of increased intestinal cholesterol absorption. It also increases the 
intestinal expression of genes involved in lipid synthesis [40].

Cholesterol Lowering Medications and Risk of 
Cardiovascular/Kidney Diseases

Disturbed cholesterol homeostasis is explained as towards reduced 
cholesterol synthesis and increased cholesterol absorption is associated 
with increased cardiovascular risk. Study showed that patients that has 
high cholesterol absorption mat not be helpful from treatment with 
statin, but could increase their cardiovascular risk when place on a drug 
that decreases endogenous cholesterol synthesis [41]. 

Hypercholesterolemia stimulates atherosclerosis due to increased 
intestinal cholesterol absorption which may effect on regulation of 
cholesterol homeostasis [42]. It is proposed that increase absorption of 
cholesterol followed by the increased circulating plant sterols that may 
facilitate the associations of ABCG8 and ABO variants (gene variants) 
with cardiovascular Diseases [43].

Results of another study indicate that variations in cholesterol 
homeostasis, low cholesterol synthesis and high cholesterol absorption, 
are related to high cardiovascular disease risk in a group of men and 
women with parallel plasma levels of Low Density Lipoprotein–
cholesterol [44].

Patients with severe hypercholesterolemia can increase the renal 
injury. It is demonstrated that albuminuria and a decrease renal 
function indicate an increase serum campesterol levels (a cholesterol 
absorption marker) [45].

Stimulation of farnesoid X receptor (FXR) prevents intestinal 
cholesterol absorption by modulation of bile acid pool size and 
composition. It leads to increased reverse cholesterol transport 
(RCT). Targeting hepatic FXR and/or bile acids may be useful for 
improving reverse cholesterol transport, thus inhibiting the growth of 
atherosclerosis [46].

References

1.	 Lee SD, Gershkovich P, Darlington JW, Wasan KM (2012) Inhibition of 
Cholesterol Absorption: Targeting the Intestine. Pharm Res 29: 3235-3250.

2.	 www.hc-sc.gc.ca/fn-an/nutrition/fiche-nutri-data/index-eng.php

3.	 Sun Y, Neelakantan N, Wu Y, Oke RL, Pan A, et al. (2015) Palm Oil 
Consumption Increases LDL Cholesterol Compared with Vegetable Oils Low 
in Saturated Fat in a Meta-Analysis of Clinical Trials. J Nutr 145: 1549-1558. 

4.	 Kobayashi M, Ikeda I (2014) Modulation of Intestinal Cholesterol Absorption 
by Dietary Tea Polyphenols. In: Polyphenols in Human Health and Disease 
Elsevier. pp: 625-38.

5.	 Thorning TK, Raziani F, Bendsen NT, Astrup A, Tholstrup T, et al. (2015) Diets 
with high-fat cheese, high-fat meat, or carbohydrate on cardiovascular risk 
markers in overweight postmenopausal women: a randomized crossover trial. 
Am J Clin Nutr 102: 573-581.

6.	 Weggemans RM, Zock PL, Katan MB (2001) Dietary cholesterol from eggs 
increases the ratio of total cholesterol to high-density lipoprotein cholesterol in 
humans: a meta-analysis. Am J Clin Nutr 73: 885-891. 

https://doi.org/10.1007/s11095-012-0858-6
https://doi.org/10.1007/s11095-012-0858-6
http://www.hc-sc.gc.ca/fn-an/nutrition/fiche-nutri-data/index-eng.php
https://doi.org/10.3945/jn.115.210575
https://doi.org/10.3945/jn.115.210575
https://doi.org/10.3945/jn.115.210575
https://doi.org/10.1016/b978-0-12-398456-2.00048-7
https://doi.org/10.1016/b978-0-12-398456-2.00048-7
https://doi.org/10.1016/b978-0-12-398456-2.00048-7
https://doi.org/10.3945/ajcn.115.109116
https://doi.org/10.3945/ajcn.115.109116
https://doi.org/10.3945/ajcn.115.109116
https://doi.org/10.3945/ajcn.115.109116
https://doi.org/10.1093/ajcn/73.5.885
https://doi.org/10.1093/ajcn/73.5.885
https://doi.org/10.1093/ajcn/73.5.885


Citation: Javaid A, Khurshid R, Munir I (2018) Association between Cholesterol Homeostasis with Intestinal Proteins, Enzymes and Drugs in 
Absorption of Cholesterol and its Relationship with Vascular Diseases: A Review. Biochem Pharmacol (Los Angel) 7: 258. doi: 10.4172/2167-
0501.1000258

Page 4 of 4

Biochem Pharmacol, an open access journal
ISSN:2167-0501 Volume 7 • Issue 4 • 1000258

7.	 Sehayek E (2003) Genetic regulation of cholesterol absorption and plasma 
plant sterol levels: commonalities and differences. J Lipid Res 44: 2030-2038.

8.	 Cohen DE (2008) Balancing Cholesterol Synthesis and Absorption in the 
Gastrointestinal Tract. J Clin Lipidol 2: S1-S3. 

9.	 Turley SD, Dietschy JM (2003) The Intestinal Absorption of Biliary and Dietary 
Cholesterol as a Drug Target for Lowering the Plasma Cholesterol Level. 
Preventive Cardiol 6: 29-64.

10.	Wang HH, Portincasa P, de Bari O, Liu KJ, Garruti G, et al. (2013) Prevention 
of cholesterol gallstones by inhibiting hepatic biosynthesis and intestinal 
absorption of cholesterol. Eur J Clin Invest 43: 413-426.

11.	Dawson PA, Rudel LL (1999) Intestinal cholesterol absorption. Curr Opin 
Lipidol 10: 315-320.

12.	Turley SD (1999) Dietary cholesterol and the mechanisms of cholesterol 
absorption. Eur Heart J 1: S29-S35.

13.	Carey MC, Duane WC (1994) Enterohepatic Circulation. In: Arias IM, Boyer JL, 
Fausto N, Jakoby WB, Schachter DA, Shafritz DA, editors. The Liver: Biology 
and Pathobiology. New York: Raven Press, Ltd. pp: 719-767.

14.	Cohen DE (2002) Pathogenesis of gallstones. In: Zakim D, Boyer TD, 
editors.  Hepatology: A Textbook of Liver Disease.  Philadelphia, PA: W.B. 
Saunders; pp: 1713-1743.

15.	Chiang JY (2004) Regulation of bile acid synthesis: pathways, nuclear 
receptors, and mechanisms. J Hepatol 40: 539-551.

16.	Hernandez M, Montenegro J, Steiner M, Kim D, Sparrow C, et al. (2000) 
Intestinal absorption of cholesterol is mediated by a saturable, inhibitable 
transporter. Biochim Biophys Acta 1486: 232-242.

17.	Kramer W, Glombik H, Petry S, Heuer H, Schäfer HL, et al. (2000) Identification 
of binding proteins for cholesterol absorption inhibitors as components of the 
intestinal cholesterol transporter. FEBS Lett 487: 293-297.

18.	Ikeda I (2015) Factors Affecting Intestinal Absorption of Cholesterol and Plant 
Sterols and Stanols. J Oleo Sci 64: 9-18.

19.	Wang Y, Harding SV, Thandapilly SJ, Tosh SM, Jones PJH, et al. (2017) Barley 
β-glucan reduces blood cholesterol levels via interrupting bile acid metabolism. 
Br J Nutr 118: 822-829.

20.	Cohn JS, Kamili A, Wat E, Chung RWS, Tandy S (2010) Dietary Phospholipids 
and Intestinal Cholesterol Absorption. Nutrients 2: 116-127.

21.	Jesch ED, Carr TP (2017) Food Ingredients That Inhibit Cholesterol 
Absorption. Prev Nutr Food Sci 22: 67-80.

22.	Zhang P, Chen Y, Cheng Y, Hertervig E, Ohlsson L, et al. (2014) Alkaline 
sphingomyelinase (NPP7) promotes cholesterol absorption by affecting 
sphingomyelin levels in the gut: A study with NPP7 knockout mice. Am J 
Physiol Gastrointest Liver Physiol 306: G903-G908.

23.	Ramprasath VR, Jones PJ, Buckley DD, Woollett LA, Heubi JE (2013) Effect of 
dietary sphingomyelin on absorption and fractional synthetic rate of cholesterol 
and serum lipid profile in humans. Lipids Health Dis 12: 125. 

24.	Katsura T, Katakami N, Irie Y, Yamamoto Y, Okusu T, et al. (2015) The 
Usefulness of a Cholesterol Absorption Inhibitor in Japanese Type 2 Diabetes 
Patients with Dyslipidemia. Diabetes Technol Ther 17: 427-434.

25.	Cohn JS, Kamili A, Wat E, Chung RWS, Tandy S (2010) Reduction in 
intestinal cholesterol absorption by various food components: Mechanisms and 
implications. Atheroscler Suppl 11: 45-48.

26.	Zhou L, Yang H, Okoro EU, Guo Z (2014) Up-regulation of Cholesterol 
Absorption Is a Mechanism for Cholecystokinin-induced Hypercholesterolemia. 
J Biol Chem 289: 12989-12999.

27.	Santosa S, Varady KA, AbuMweis S, Jones PJH (2007) Physiological and 
therapeutic factors affecting cholesterol metabolism: Does a reciprocal 
relationship between cholesterol absorption and synthesis really exist? Life Sci 
80: 505-514. 

28.	Portincasa P, Wang DQH (2017) Effect of Inhibition of Intestinal Cholesterol 
Absorption on the Prevention of Cholesterol Gallstone Formation. Med Chem 
13: 421-429.

29.	Alqahtani S, Qosa H, Primeaux B, Kaddoumi A (2015) Orlistat limits cholesterol 
intestinal absorption by Niemann-pick C1-like 1 (NPC1L1) inhibition. Eur J 
Pharmacol 762: 263-269. 

30.	Wang Y, Yi X, Ghanam K, Zhang S, Zhao T, et al. (2014) Berberine decreases 
cholesterol levels in rats through multiple mechanisms, including inhibition of 
cholesterol absorption. Metabolism 63: 1167-1177.

31.	Peach M, Xu R, Fitzpatrick D, Hamilton L, Somaratne R, et al. (2016) Effect 
of evolocumab on cholesterol synthesis and absorption. J Lipid Res 57: 2217-
2224. 

32.	Kawase A, Hata S, Takagi M, Iwaki M (2015) Pravastatin Modulate Niemann-
Pick C1-Like 1 and ATP-Binding Cassette G5 and G8 to Influence Intestinal 
Cholesterol Absorption. J Pharm Pharm Sci 18: 765-772. 

33.	Ku CS, Kim B, Pham TX, Yang Y, Weller CL, et al. (2015) Hypolipidemic Effect 
of a Blue-Green Alga (Nostoc commune) Is Attributed to Its Nonlipid Fraction 
by Decreasing Intestinal Cholesterol Absorption in C57BL/6J Mice. J Med Food 
18: 1214-1222.

34.	Altmann SW, Davis HR, Zhu LJ, Yao X, Hoos LM, et al. (2004) Niemann-Pick 
C1 Like 1 Protein Is Critical for Intestinal Cholesterol Absorption. Science 303: 
1201-1204.

35.	Chung RWS, Kamili A, Tandy S, Weir JM, Gaire R, et al. (2013) Dietary 
Sphingomyelin Lowers Hepatic Lipid Levels and Inhibits Intestinal Cholesterol 
Absorption in High-Fat-Fed Mice. PLoS One 8: e55949. 

36.	Li PS, Fu ZY, Zhang YY, Zhang JH, Xu CQ, et al. (2014) The clathrin adaptor 
Numb regulates intestinal cholesterol absorption through dynamic interaction 
with NPC1L1. Nat Med 20: 80-86. 

37.	Ku CS, Kim B, Pham TX, Yang Y, Weller CL, et al. (2015) Hypolipidemic Effect 
of a Blue-Green Alga (Nostoc commune) Is Attributed to Its Nonlipid Fraction 
by Decreasing Intestinal Cholesterol Absorption in C57BL/6J Mice. J Med Food 
18: 1214-1222. 

38.	Zou J, Feng D (2015) Lycopene reduces cholesterol absorption through the 
downregulation of Niemann-Pick C1-like 1 in Caco-2 cells. Mol Nutr Food Res 
59: 2225-2230. 

39.	Borthwick F, Mangat R, Warnakula S, Sosa MJ, Vine DF, et al. (2014) 
Simvastatin treatment upregulates intestinal lipid secretion pathways in a 
rodent model of the metabolic syndrome. Atherosclerosis 232: 141-148.

40.	Weingärtner O, Lütjohann D, Böhm M, Laufs U (2010) Relationship between 
cholesterol synthesis and intestinal absorption is associated with cardiovascular 
risk. Atherosclerosis 210: 362-365.

41.	Iqbal J, Qarni AA, Hawwari A (2017) Regulation of Intestinal Cholesterol 
Absorption: A Disease Perspective. Adv Biol Chem 7: 60-75. 

42.	Silbernagel G, Chapman MJ, Genser B, Kleber ME, Fauler G, et al. (2013) High 
Intestinal Cholesterol Absorption Is Associated With Cardiovascular Disease 
and Risk Alleles in ABCG8 and ABO Evidence From the LURIC and YFS 
Cohorts and From a Meta-Analysis. J Am Coll Cardiol 62: 291-299. 

43.	Matthan NR, Pencina M, LaRocque JM, Jacques PF, D’Agostino RB, et al. 
(2009) Alterations in cholesterol absorption/synthesis markers characterize 
Framingham offspring study participants with CHD. J Lipid Res 50: 1927-1935. 

44.	Xu Y, Li F, Zalzala M, Xu J, Gonzalez FJ, et al. (2016) Farnesoid X receptor 
activation increases reverse cholesterol transport by modulating bile acid 
composition and cholesterol absorption in mice. Hepatology 64: 1072-1085.

45.	Sonoda M, Shoji T, Kimoto E, Okute Y, Shima H, et al. (2014) Kidney function, 
cholesterol absorption and remnant lipoprotein accumulation in patients with 
diabetes mellitus. J Atheroscler Thromb 21: 346-354.

46.	Holscher HD, Guetterman HM, Swanson KS, An R, Mattah NR, et al. (2018) 
Walnut Consumption Alters the Gastrointestinal Microbiota, Microbially Derived 
Secondary Bile Acids, and Health Markers in Healthy Adults: A Randomized 
Controlled Trial. J Nutr 148: 861-867.

https://doi.org/10.1194/jlr.r300008-jlr200
https://doi.org/10.1194/jlr.r300008-jlr200
https://doi.org/10.1016/j.jacl.2008.01.004
https://doi.org/10.1016/j.jacl.2008.01.004
https://doi.org/10.1111/j.1520-037x.2003.01691.x
https://doi.org/10.1111/j.1520-037x.2003.01691.x
https://doi.org/10.1111/j.1520-037x.2003.01691.x
https://doi.org/10.1111/eci.12058
https://doi.org/10.1111/eci.12058
https://doi.org/10.1111/eci.12058
https://doi.org/10.1097/00041433-199908000-00005
https://doi.org/10.1097/00041433-199908000-00005
https://doi.org/10.1016/j.jhep.2003.11.006
https://doi.org/10.1016/j.jhep.2003.11.006
https://doi.org/10.1016/s0014-5793(00)02372-3
https://doi.org/10.1016/s0014-5793(00)02372-3
https://doi.org/10.1016/s0014-5793(00)02372-3
https://doi.org/10.5650/jos.ess14221
https://doi.org/10.5650/jos.ess14221
https://doi.org/10.1017/s0007114517002835
https://doi.org/10.1017/s0007114517002835
https://doi.org/10.1017/s0007114517002835
https://doi.org/10.3390/nu2020116
https://doi.org/10.3390/nu2020116
https://dx.doi.org/10.3746%2Fpnf.2017.22.2.67
https://dx.doi.org/10.3746%2Fpnf.2017.22.2.67
https://doi.org/10.1152/ajpgi.00319.2013
https://doi.org/10.1152/ajpgi.00319.2013
https://doi.org/10.1152/ajpgi.00319.2013
https://doi.org/10.1152/ajpgi.00319.2013
https://doi.org/10.1186/1476-511x-12-125
https://doi.org/10.1186/1476-511x-12-125
https://doi.org/10.1186/1476-511x-12-125
https://doi.org/10.1089/dia.2014.0228
https://doi.org/10.1089/dia.2014.0228
https://doi.org/10.1089/dia.2014.0228
https://doi.org/10.1016/j.atherosclerosissup.2010.04.004
https://doi.org/10.1016/j.atherosclerosissup.2010.04.004
https://doi.org/10.1016/j.atherosclerosissup.2010.04.004
https://doi.org/10.1074/jbc.m113.534388
https://doi.org/10.1074/jbc.m113.534388
https://doi.org/10.1074/jbc.m113.534388
https://doi.org/10.1016/j.lfs.2006.10.006
https://doi.org/10.1016/j.lfs.2006.10.006
https://doi.org/10.1016/j.lfs.2006.10.006
https://doi.org/10.1016/j.lfs.2006.10.006
https://doi.org/10.2174/1573406413666170209122851
https://doi.org/10.2174/1573406413666170209122851
https://doi.org/10.2174/1573406413666170209122851
https://doi.org/10.1016/j.ejphar.2015.05.060
https://doi.org/10.1016/j.ejphar.2015.05.060
https://doi.org/10.1016/j.ejphar.2015.05.060
https://doi.org/10.1016/j.metabol.2014.05.013
https://doi.org/10.1016/j.metabol.2014.05.013
https://doi.org/10.1016/j.metabol.2014.05.013
https://doi.org/10.1194/jlr.P071704
https://doi.org/10.1194/jlr.P071704
https://doi.org/10.1194/jlr.P071704
https://doi.org/10.18433/j3m029
https://doi.org/10.18433/j3m029
https://doi.org/10.18433/j3m029
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1126/science.1093131
https://doi.org/10.1126/science.1093131
https://doi.org/10.1126/science.1093131
https://doi.org/10.1371/journal.pone.0055949
https://doi.org/10.1371/journal.pone.0055949
https://doi.org/10.1371/journal.pone.0055949
https://doi.org/10.1038/nm.3417
https://doi.org/10.1038/nm.3417
https://doi.org/10.1038/nm.3417
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1089/jmf.2014.0121
https://doi.org/10.1002/mnfr.201500221
https://doi.org/10.1002/mnfr.201500221
https://doi.org/10.1002/mnfr.201500221
https://doi.org/10.1016/j.atherosclerosis.2013.10.031
https://doi.org/10.1016/j.atherosclerosis.2013.10.031
https://doi.org/10.1016/j.atherosclerosis.2013.10.031
https://doi.org/10.1016/j.atherosclerosis.2010.01.003
https://doi.org/10.1016/j.atherosclerosis.2010.01.003
https://doi.org/10.1016/j.atherosclerosis.2010.01.003
https://doi.org/10.4236/abc.2017.71004
https://doi.org/10.4236/abc.2017.71004
https://doi.org/10.1016/j.jacc.2013.01.100
https://doi.org/10.1016/j.jacc.2013.01.100
https://doi.org/10.1016/j.jacc.2013.01.100
https://doi.org/10.1016/j.jacc.2013.01.100
https://doi.org/10.1194/jlr.p900039-jlr200
https://doi.org/10.1194/jlr.p900039-jlr200
https://doi.org/10.1194/jlr.p900039-jlr200
https://doi.org/10.1002/hep.28712
https://doi.org/10.1002/hep.28712
https://doi.org/10.1002/hep.28712
https://doi.org/10.5551/jat.20594
https://doi.org/10.5551/jat.20594
https://doi.org/10.5551/jat.20594
https://doi.org/10.1093/jn/nxy004
https://doi.org/10.1093/jn/nxy004
https://doi.org/10.1093/jn/nxy004
https://doi.org/10.1093/jn/nxy004

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Dietary Source of Cholesterol and Consumptions of Calories
	Significance of Dietary Sources of Cholesterol 
	Hazards of Dietary Sources of Cholesterol 
	Intestinal Cholesterol Absorption 
	First stage of cholesterol absorption 
	Second stage of cholesterol absorption 

	Factors Affecting the Cholesterol Absorption 
	Physiological Factors Affecting Cholesterol Absorption in Intestine
	Cholesterol Lowering Medications and Risk of Cardiovascular/Kidney Diseases
	References

