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Abstract

Dietary cholesterol comes exclusively from animal sources, thus it is naturally present in our diet and tissues. It is an important component

of cell membranes and a precursor of bile acids, steroid hormones and vitamin D. Contrary to phytosterols (originated from plants), choles-

terol is synthesised in the human body in order to maintain a stable pool when dietary intake is low. Given the necessity for cholesterol,

very effective intestinal uptake mechanisms and enterohepatic bile acid and cholesterol reabsorption cycles exist; conversely, phytosterols

are poorly absorbed and, indeed, rapidly excreted. Dietary cholesterol content does not significantly influence plasma cholesterol values,

which are regulated by different genetic and nutritional factors that influence cholesterol absorption or synthesis. Some subjects are hyper-

absorbers and others are hyper-responders, which implies new therapeutic issues. Epidemiological data do not support a link between

dietary cholesterol and CVD. Recent biological data concerning the effect of dietary cholesterol on LDL receptor-related protein may

explain the complexity of the effect of cholesterol on CVD risk.
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Cholesterol owes its name (from the Greek, meaning ‘solid

bile alcohol’, coined by Chevreul in 1815) to the fact that it

was discovered in gallstones (by Poulletier de la Salle in

1769)(1). The fear inspired by this compound has more to do

with its role in atheroma formation than its presence in gall-

stones. In fact, cholesterol is present in all animal cells,

where it functions irreplaceably in membranes. It is absent

in plants, which feature other sterols (phytosterols (PS) such

as sitosterol, campesterol, stigmasterol, etc.) that the human

body cannot synthesise. Cholesterol also performs other

roles as a precursor of vitamin D (synthesised in the skin),

adrenal and gonadal steroid hormones and bile acids. The

body acknowledges this great importance in its capacity of

both absorbing dietary cholesterol and synthesising choles-

terol de novo. In contrast, PS are excreted as soon as they

are absorbed and cannot be synthesised. Given that choles-

terol is synthesised in the body, there is no absolute need

for dietary intake, but regulation of the latter helps maintain

a stable pool of cholesterol. Hence, when dietary cholesterol

intake is very low (e.g. in vegans), its synthesis and absorption

are up-regulated. Cholesterol cannot be broken down by the

body, and thus if dietary intake is too high, biliary and intes-

tinal excretion will also be intensified.

Physiology of the absorption of dietary cholesterol

The small-intestinal absorption of cholesterol(2) helps maintain

its homeostasis. There are typically two sources of cholesterol

entering the intestinal tract: food intake and biliary secretion

of cholesterol into the duodenum. Recently, a third source

of intestinal cholesterol has been identified in mice: a signifi-

cant part of excess cholesterol is excreted directly via the

intestine upon activation of the liver X receptor, indicating

the existence of an important alternative route for cholesterol

disposal(3). However, the role of this pathway in humans is

unclear.

In a typical Western diet, dietary cholesterol intake is

approximately 300–450 mg/d and complements the 800–

1400 mg of endogenous cholesterol in the bile (bile acids).

In total, about 1000–2000 mg of cholesterol reach the lumen
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of the small intestine and can be absorbed. Esterified dietary

cholesterol must first be hydrolysed by intestinal pancreatic

enzymes, and this hydrolysation leads to the formation of

fatty acids and non-esterified cholesterol. However, biliary

cholesterol is non-esterified. The role of the bile (which is

rich in bile acids, emulsifying phospholipids (lecithin) and

cholesterol) is to help form micelles via a detergent effect

(with the emulsion enabling the solubilisation of cholesterol).

Some evidence suggests that biliary cholesterol, because of its

inherent association with bile acids, is absorbed slightly more

efficiently than dietary cholesterol(4), although this difference

probably has little impact on overall cholesterol balance(5).

Biliary cholesterol goes to the liver via the portal vein and is

also carried by chylomicrons. Bile acids are reabsorbed in

the ileum by the apical Na-dependent bile acid transporter.

Bile acid-binding agents (such as cholestyramine) limit the

resorption of bile acids (which prompt the liver to use more

cholesterol for the synthesis of bile acids, as measured by

the activity of cholesterol 7-a-hydroxylase); hence, the liver

cells increase their synthesis of LDL receptors in order to inter-

nalise plasma LDL.

Non-esterified cholesterol is thus incorporated into mixed

micelles, an essential step for facilitating its diffusion to the

boundary layer and then through the brush border of the

intestinal mucosa, mainly in the duodenum and the proximal

jejunum.

The scavenger receptor B1 is involved in the brush-border

transfer of cholesterol at the apical pole of the enterocyte(6,7).

However, target disruption of the scavenger receptor, class B,

type 1 gene (named Scar-b1) appears to have little effect on

intestinal absorption in mice(8). Niemann–Pick C1-like 1

(NPC1L1) protein also plays an important role in transporting

cholesterol and dietary PS. NPC1L1 expression is enriched in

the small intestine and is in the brush-border membrane of

enterocytes(9). Ezetimibe, a hypocholesterolaemic drug,

specifically inhibits NPC1L1(9), which, in turn, results in the

inhibition of both the absorption of dietary and biliary choles-

terol and that of PS.

However, NPC1L1 knockout mice display substantial but

only partial inhibition of cholesterol absorption, suggesting

that a small proportion of luminal cholesterol is absorbed

independently. Additional proteins, such as caveolin-1, are

required to reconstitute an active cholesterol transporter

(NPC1L1), which form heterocomplexes and might represent

additional Ezetimibe targets that regulate intestinal trans-

port(10). Less than 1 % of PS make their entry into the blood-

stream, whereas 50–60 % of intestinal cholesterol reaches

the circulatory system(11). In fact, the two ATP-binding cassette

(ABC) hemi-transporters G5 and G8 (ABCG5 and ABCG8)

excrete PS into the intestinal lumen. Given that PS are not

good substrates for acyl CoA cholesterol acyltransferase,

these compounds must be eliminated, thus excretion of PS

protects the body against its accumulation. Furthermore, PS

decrease the absorption of cholesterol by competing with it

at the micelle level, and by inducing the expression of another

transporter (ABCA1) and/or the ABCG5 and ABCG8 hemi-

transporters may probably increase cholesterol efflux from

the enterocytes into the intestinal lumen(12) (Fig. 1). Since

the characterisation of mice expressing no ABCA1 revealed

no impairment in percentage of cholesterol absorption, even

after challenge with a synthetic liver X receptor agonist, and

the ABC1 gene is regulated by heterodimers of the nuclear

liver X receptor(13), it has been hypothesised that ABCA1

may be involved in the transfer of cholesterol from the enter-

ocytes into the lymph. As with Ezetimibe, PS indirectly lower

plasma cholesterol by mimicking a (hepatic) cholesterol

deficiency, which induces an increase in LDL receptor syn-

thesis. Mutations of the ABC1 gene are responsible for Tangier

disease and certain hypoalphalipoproteinaemia, whereas

mutations of the ABCG5 and ABCG8 genes result in sitostero-

laemia (an autosomal recessive condition in which plasma PS

levels are considerably elevated, due to a lack of excretion
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Fig. 1. Intestinal cholesterol and phytosterol absorption. NPC1L1, Niemann–Pick C1-like 1; SR-B1, scavenger receptor B1; ACAT, acyl CoA cholesterol acyltrans-

ferase; ABC Gx, ATP-binding cassette hemi-transporter Gx; ABC, ATP-binding cassette; MTP, microsomal transfer protein; DC, dietary cholesterol; BC, biliary

cholesterol; PS, phytosterols; CHOL, cholesterol.
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into the intestine). Other genetic polymorphisms (such as

apoE phenotype) are involved in cholesterol and PS absorp-

tion(14,15). The presence of an E4 allele is associated with

an increased absorption of cholesterol and, probably, PS.

Moreover, individuals carrying the E4 allele have a signifi-

cantly lower response to LDL-cholesterol lowering with

the statin atorvastatin(16).

Once in the enterocyte, cholesterol is re-esterified by acyl

CoA cholesterol acyltransferase. This step prevents non-

esterified cholesterol from returning to the intestinal lumen.

It also eases the incorporation of esterified cholesterol into

chylomicrons, in which it is ‘packaged’ with microsomal

transfer protein, apoB48 and dietary TAG. Next, chylomicrons

are excreted from the basal pole of the enterocyte into the

mesenteric lymph. During the absorption of cholesterol,

there is little increase in the cholesterol content of the

small-intestinal wall, indicating that cholesterol can be rapidly

processed and exported from the enterocyte into the intestinal

lymph, with a peak after 6–8 h(17). They reach the blood-

stream via the thoracic duct at the junction of the jugular

and subclavian veins. Metabolism of the circulating chylomi-

crons starts with the hydrolysis of TAG by lipoprotein lipase

in the capillary endothelium, which thereby releases NEFA

for energy production. The chylomicron remnants are then

captured by the liver via apoB or apoE receptors, and, finally,

cholesterol enters the liver.

There are large inter-individual variations in cholesterol

absorption; for example, the Tarahumara Indians of Mexico

are weak absorbers(18). In most mixed populations or even

in pure vegetarians, the average absorption coefficient is 50

(SD 10) % but can be anywhere between 20 and 80 % in

healthy subjects consuming a moderately low-cholesterol

diet(19,20). Intestinal cholesterol absorption efficiency increases

with ageing, because it significantly increases secretion rates

of biliary lipids and the cholesterol content of the bile, as

well as the size and hydrophobicity index of the bile salt

pool(21). Furthermore, there are sex differences in intestinal

cholesterol absorption efficiency(17). Intra-individual variabil-

ity is lower: when tested several times under standardised con-

ditions, the percentage of cholesterol absorbed is highly

reproducible(22). In a given individual, relative absorption is

low when dietary cholesterol content is high, and this is

even the case for moderate intakes: the absorption coefficient

drops from 41 % for an intake of 26 mg to 16 % for an intake of

421 mg(23). This explains why LDL-cholesterol is more sensi-

tive to low intakes of dietary cholesterol than it is to high

intakes(24,25). But cholesterol feeding increases absolute

cholesterol absorption and the serum concentration of total

and LDL-cholesterol(25). The results regarding the effects of

dietary cholesterol on cholesterol absorption are complicated

by whether the study is an acute or chronic dietary cholesterol

challenge. For instance, the long-term intake of a high-

cholesterol diet does not seem to have much effect on

fractional absorption rates in humans(14,26). In animal studies,

the presence of long-chain n-3 PUFA leads to a reduction in

the absorption of cholesterol, together with an increase in

the activity of hepatic 7-a-hydroxylase (a marker of bile

acids synthesis) and bile salt excretion(6). These mechanisms

are responsible for a decrease in both non-esterified and ester-

ified cholesterol levels in the liver.

So, it appears that cholesterol absorption is a multistep pro-

cess that is regulated by multiple genes and occurs solely in

the small intestine. The numerous redundant cellular factors

influencing intestinal cholesterol absorption indicate that

cholesterol absorption must be protected due to its physio-

logical importance.

Regulation of plasma cholesterol levels

Plasma cholesterol depends on many dietary and genetic fac-

tors at the same time. Plasma cholesterol level is the net result

of intestinal cholesterol absorption and hepatic cholesterol

synthesis, on the one hand, and biliary excretion and cellular

use, on the other hand. Hence, it is not hard to note that many

factors can influence plasma cholesterol.

Intestinal absorption

Dietary cholesterol content has little impact on plasma choles-

terol (including LDL-cholesterol). Using literature data,

Hegsted calculated that in the range from 0 to 400 mg for

4184 kJ (1000 kcal), the response is usually linear but almost

flat(27). Indeed, 16 years ago, Apfelbaum(28) had already

demonstrated that replacement of 50 % of the intake of

‘normal’ butter by cholesterol-free butter only led to a 0·3 %

decrease in total blood cholesterol levels (i.e. fifteen times

less than the physiological weekly variation), prompting him

to question the value of this food product (although this

effect has not lasted).

A meta-analysis concluded that for most individuals over the

range of practical intake (0–400 mg/d), each 100 mg leads to

an increase in total cholesterol by 0·056 mmol/l, HDL-

cholesterol by 0·008 mmol/l and LDL-cholesterol:HDL-choles-

terol by 0·02(29). However, several metabolic-ward studies

have generated contradictory results concerning the link

between dietary cholesterol intake and/or egg consumption,

on the one hand, and plasma cholesterol, on the other

hand(29–31); in certain subjects, the massive consumption of

eggs has no effect on plasma cholesterol levels(32). In moder-

ately hypercholesterolaemic subjects, the consumption of

seven eggs/week (instead of two) only led to very minor

changes in total and LDL-cholesterol levels(33). In subjects

consuming a low-fat diet with an increased ratio of polyunsa-

turated:saturated fatty acids, eating seven eggs/week (com-

pared with just two) did not have an impact on total and

LDL-cholesterol beyond 4 weeks regardless of whether the

subjects were hypercholesterolaemic or normolipidaemic(34).

However, variation in dietary cholesterol (200–600 mg/d)

rather than the proportion of saturated and polyunsaturated

fat (polyunsaturated:saturated 0·8 v. 0·3) had the most

influence on LDL-cholesterol levels(35). An increased intake

of dietary cholesterol (582 v. 278 mg) from the consumption

of two eggs/d (v. a non-egg diet) does not increase plasma

LDL when accompanied by an energy-restricted diet during

12 weeks with moderate weight loss(36). In normolipidaemic

subjects, eating two eggs/d did not have any effect on total
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cholesterol, LDL-cholesterol and apoB (regardless of the

composition and quantity of the dietary lipid intake)(37),

although HDL2-cholesterol levels rose (a positive effect, in

principle)(35,38). However, the rise in HDL-cholesterol with

dietary cholesterol must be interpreted with caution; indeed,

it merely reflects the main role of HDL in cholesterol transport,

but it cannot be taken to imply that this is beneficial. In over-

weight men consuming a carbohydrate-restricted diet,

dietary cholesterol from three large eggs (640 mg) increased

HDL-cholesterol, whereas it had no effect on the LDL-choles-

terol:HDL-cholesterol ratio(39). Similarly, in elderly subjects,

the consumption of three large eggs daily increased

LDL-cholesterol and HDL-cholesterol and did not change

the ratio, but increased the LDL peak diameter(40). The

absence of a negative effect on cardiovascular risk in certain

studies could be thus linked to a concurrent elevation

of HDL-cholesterol and LDL-cholesterol, although total choles-

terol:HDL-cholesterol ratio generally increases(29). A decrease

in cholesteryl ester transfer protein (CETP) activity has also

been mentioned(41), but its meaning is not clear. Indeed,

CETP inhibition could have two opposite effects(42): blocking

the transfer of cholesteryl esters to lipoproteins, such as LDL,

containing apoB results in increased levels of HDL-cholesterol

and enlarged HDL. Although HDL-cholesterol can be taken up

directly by the liver through the HDL scavenger receptor, class

B, type 1, the inhibition of CETP may reduce the rate of the

return of HDL-cholesterol to the liver, thus impairing reverse

cholesterol transport and increasing cardiovascular risk. But

CETP inhibition has the potentially beneficial effects of

increasing cholesterol efflux from macrophages mediated by

ABCG1 and of increasing the uptake of LDL-cholesterol by

the liver.

The determinants of the effect of dietary cholesterol on

plasma cholesterol are essentially the intestinal absorption of

cholesterol, the very high simultaneous intakes of SFA, the

presence of hypercholesterolaemia and certain genetic factors

(such as the presence of the apoE allele and the E4 pheno-

type, in particular)(43). For instance, individuals carrying the

apoE4 allele are more sensitive to dietary cholesterol, and a

10 % increase in total cholesterol can result from an additional

300 mg cholesterol/d(44). The effect is attenuated by a high

polyunsaturated:saturated fatty acid ratio(28). A drop in the

intestinal supply of absorbed dietary and biliary cholesterol

induces a reduction in hepatic cholesterol levels, which

decreases the esterification of non-esterified cellular choles-

terol, reduces the excretion of bile acids, and, above all,

increases the synthesis of the LDL receptors needed to capture

cholesterol in the circulating chylomicrons and thus lower

plasma cholesterol levels. In parallel, a fall in hepatic choles-

terol leads to an increase in endogenous cholesterol synthesis

via 3-hydroxy-3-methyl-glutaryl CoA reductase (of which the

precursor lathosterol is a marker); this increase in endogenous

cholesterol production attenuates the effect of receptor

up-regulation.

Cholesterol synthesis and cholesterol absorption are nega-

tively correlated and thus co-regulated(25,45).

Other nutritional factors have an impact on cholesterol

absorption; this is notably the case for dietary fibres, which

are able to sequester bile acids and thus affect the enterohepa-

tic bile acid cycle(2).

Cholesterol synthesis

Most nutritional factors(46) modulate the synthesis of choles-

terol and/or the catabolism of cholesterol-rich lipoproteins

(LDL and HDL) in some way. Dietary restriction very rapidly

(within 24 h) and very strongly down-regulates cholesterol

synthesis: this is related to interruption of the required

carbon backbone supply chain (via the acetyl-CoA pool).

Likewise (and paradoxically), increasing meal frequency also

reduces cholesterol synthesis, which leads to a fall in LDL-

cholesterol. Fatty acids are powerful regulators of plasma

cholesterol; the maximum response is achieved within the

first 2 weeks. SFA reduce LDL receptor activity in the liver,

which elevates circulating LDL and lowers cholesterol syn-

thesis(47). However, direct measures to quantify endogenous

cholesterol synthesis (i.e. sterol balance and combined sterol

balance/radiolabelled cholesterol turnover studies) in human

subjects, hamsters and guinea pigs have indicated no dietary

fat saturation effects on endogenous cholesterol synthesis

rates and are not in accordance with these indirect measure-

ments. Some authors have shown that dietary cholesterol

feeding suppresses human cholesterol synthesis measured

by 2H incorporation and urinary mevalonic acid

levels(14,26,48). So, the direct analysis of endogenous choles-

terol synthesis rates has consistently shown reductions in

cholesterol synthesis in human and animal peripheral tissues

with cholesterol feeding, including human mononuclear

cells. Miettinen documented an almost equal decrease in syn-

thesis (mg/kg per d) per increase in absorbed cholesterol

(mg/kg per d)(49,50). SFA also strongly enhance HDL-choles-

terol(51). n-6 PUFA augment cholesterol synthesis, despite a

decrease in plasma cholesterol. This could be due to both

the increased esterification of hepatic cholesterol and the

use of cholesterol by peripheral tissues.

Dietary cholesterol content has only a slight effect on

cholesterol synthesis(45), because adaptation mainly takes

place through intestinal absorption. This can be explained

by the fact that the liver itself does not use much cholesterol,

since most of the latter is synthesised by extrahepatic tissues

that do not capture cholesterol-rich chylomicrons. PS lead to

a moderate increase in cholesterol synthesis. In passing, it is

worth noting that the inverse relationship between PS intake

and cholesterol synthesis means that plasma sitosterol concen-

tration can be used as a marker of cholesterol absorption and

thus an inverse indicator of cholesterol synthesis.

Genetic factors are heavily involved in regulating choles-

terol metabolism and also testify to the existence of many

gene–nutrition interactions (thus explaining the variability of

individual responses)(40,52,53). The most notable polymorph-

isms are for apoE (responsible for 7 % of the variation in

cholesterol levels), apoA4, apoA1, apoB and apoC3, whereas

CETP polymorphisms are not extensively involved(54).

Lastly, one of the nutritional factors that must be taken into

account is overweight, in general, and abdominal obesity in

particular(55,56), since TAG lipolysis in adipocytes generates

Dietary cholesterol 9
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NEFA which go straight to the liver via the portal vein and are

incorporated into the VLDL precursors of LDL. Obesity and

overweight actually have a greater effect on cholesterol

synthesis than would be predicted. At an ideal weight, the

rate of synthesis is 11–13 mg/kg per d, but with added

adiposity, the estimated synthesis rate due to weight excess

is 20 mg/kg per d for the excess tissue(57).

Hyper-absorbers – poor synthesisers

Plasma PS (campesterol/sitosterol) are markers of the intesti-

nal absorption of cholesterol. Their plasma levels are low

because of their elimination through ABCG5/ABCG8

excretion. Cholestanol and lathosterol, precursors of choles-

terol, are markers of cholesterol synthesis. Overweight, the

metabolic syndrome, insulin resistance and type 2 diabetes

are linked to the decrease in cholesterol absorption and the

increase in cholesterol synthesis as a mimic of ABCG5/

ABCG8 gene overexpression(57). Ezetimibe induces a decrease

in cholesterol and PS absorption and a compensatory increase

in cholesterol synthesis, which attenuates its LDL-cholesterol-

lowering effect. Conversely, statins induce a decrease in the

lathosterol:campesterol ratio(58). The degree of change in

this ratio may be subject to genetic variability influenced by

genetic polymorphisms at the locus for ABCG5/ABCG8.

However, Van Himbergen(59) did not observe a significant

correlation between changes in total cholesterol and changes

in plasma campesterol in absolute terms. But the changes in

these markers are more informative than baseline levels.

When using absolute values, subjects with the greatest

reduction in both synthesis and absorption had a significantly

greater reduction in total cholesterol than subjects in whom

the converse was true(59). Some subjects are bad responders

to statins, and they have high plasma sitosterol and campes-

terol levels. They are hyper-absorbers and conversely poor

synthesisers, and they need higher dosages of statins(60,61).

However, statin resistance cannot be summarised to the rela-

tive absorption and synthesis of cholesterol. It could probably

be also a function of the pharmacodynamics of statins with

genetic variation in statin clearance in the liver. In a Scandina-

vian Simvastatin Survival Study (4S) trial, subjects with high

plasma PS levels had no improvement in cardiovascular

events, and those subjects in the highest cholestanol quartile

had more coronary events compared with those in the

lowest cholestanol quartile(62,63). Many observational studies

have shown that high serum PS concentrations are associated

with higher cardiovascular risk. Moreover, dietary PS induce

higher plasma and arterial PS levels, while phytostanols

decrease serum PS(64,65). So, in hyper-absorbers, Ezetimibe is

well adapted alone or with phytostanols, in order to decrease

plasma cholesterol and PS. Statin treatment is especially effec-

tive in high synthesisers if individuals are also low absor-

bers(60). Conversely, statins are less effective in poor

synthesisers (who are hyper-absorbers) and also enhance PS

absorption. This leads to increased plasma PS levels and

reduces the statins’ cardiovascular benefit(64,65). An association

of statins with Ezetimibe would be efficient. In this case,

association of statins with PS should be deleterious despite

the synergistic effect on plasma cholesterol level.

Even though there are some individuals who hypo-respond

to dietary cholesterol and others who hyper-respond, people

also differ in terms of the intensity of cholesterol synthesis.

Finally, this observation has prompted efforts to better

define the therapeutic indications of hypolipaemic agents:

Ezetimibe for hyper-absorbers (with high sitosterol levels)

and statins for strong synthesisers (with high lathosterol

levels). A recent study has confirmed the effect of Ezetimibe

on surrogate markers for cholesterol absorption (campesterol)

and synthesis (lathosterol) and the effect of simvastatin on

lathosterol but not on campesterol; however, baseline choles-

terol absorption and synthesis did not predict responsiveness

to LDL-lowering drugs(66).

Dietary cholesterol and CVD

Epidemiological data

Generally, dietary cholesterol has little effect on the regulation

of plasma cholesterol, as discussed earlier. By way of an

example, we have shown (in a randomised study on healthy

subjects) that a difference of 800 mg/d in dietary cholesterol

results in just a 6 % variation in total cholesterol(67). It is thus

legitimate to question whether dietary cholesterol itself (inde-

pendently of plasma cholesterol levels) has a relationship

(either a simple, statistical association or a causal relationship)

with the risk of CVD.

Unfortunately, there are a few solid data on which an

answer can be based. In fact, this hypothesis has never been

tested in a clinical trial, thus depriving us of a decisive argu-

ment. In observational epidemiological studies, it is difficult

to dissociate the presumed effect of dietary cholesterol from

that (also presumed) of other dietary lipids (saturated or unsa-

turated fats) for a given individual. However, two studies from

the 1970s(68,69) and a published meta-analysis(70) have

suggested that dietary cholesterol could be associated with

the risk of CVD (independently of plasma cholesterol).

One way of circumventing the potentially confounding

effects of cholesterol and other lipids is to focus one’s analysis

on a particular food, which is emblematic of cholesterol intake

(e.g. eggs), rather than cholesterol itself. Of course, egg con-

tains lipids other than cholesterol (and which could modulate

the risk of CVD, notably depending on how the laying hens

are fed), but in view of its very high cholesterol content

(approximately 250 mg per egg), one can accept a sort of par-

allelism between the risk due to eggs and that due to dietary

cholesterol. What do the few studies on eggs and the risk of

CVD tell us? The Framingham study (with fewer than 1000

subjects) concluded as to the absence of the relationship

between egg consumption and the risk of CVD(71). The Har-

vard study on a cohort of 38 000 men and 80 000 women

has shown that eating up to one egg/d (or seven eggs/

week) did not increase the risk of CVD(72). Similarly, in the

prospective cohort study of 21 327 men from the Physicians’

Health Study(73) during an average follow-up of 20 years,

egg consumption was not associated with incident myocardial
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infarction or stroke. The only exception concerned diabetic

women, with a slight increase in risk for those who ate

more than one egg/d relative to those who ate less than one

egg/week(72). In the Physicians’ Health Study, all-cause mor-

tality was increased for the consumption of $seven eggs/

week, and this was stronger among diabetic subjects(73). In a

study concerning a representative cohort of 9734 adults aged

25–74 years over a 20-year follow-up, consumption of .six

eggs/week does not increase the risk of stroke and ischaemic

stroke or coronary artery disease. However, in subgroup anal-

ysis among diabetics, consumption of .six eggs/week was

associated with a significant increased risk of coronary artery

disease(74).

It is noticeable that cholesterol absorption has been shown

to be higher in patients with type 1 diabetes(75) but not in

patients with type 2 diabetes(76). However, it is known from

earlier studies that in type 2 diabetic patients, cholesterol syn-

thesis is high(57). Lastly, there may be ethnic variations,

because a Japanese study (of almost 10 000 subjects monitored

over 14 years) suggested that eating one egg/d is associated

with a slight (but statistically non-significant) risk of cardiovas-

cular death, when compared with eating one egg/week(77).

However, this was only observed in female subjects. The

same authors have conducted a prospective study in Japan

in a cohort of 90 735 subjects followed during 17–21

years(78): eating eggs more frequently, up to almost daily,

was not associated with an increase in CHD incidence for

middle-aged Japanese men and women; moreover, subjects

with hypercholesterolaemia were less frequently in frequent

egg consumption groups, probably because they avoided

eating eggs.

On the basis of these data, one can conclude that if dietary

cholesterol does lead to an increased risk of CVD, that risk is

low. The clinical implication is thus negligible.

Recent biochemical data

Given the absence of clinical trial data and the methodological

limitations of the epidemiological approach, identification of a

biological mechanism by which dietary cholesterol may influ-

ence the risk of CVD could help resolve this question. In

addition to the very minor involvement of dietary cholesterol

in the regulation of plasma cholesterol (sometimes naively

presented as a factor that obstructs the arterial lumen) and

the fact that certain researchers question the importance of

plasma cholesterol as a causal factor in CVD(79,80), the ques-

tion arises: does dietary cholesterol have a significant role in

the physiopathology of CVD?

In certain cells, dietary cholesterol stimulates the expression

of a key membrane receptor in cellular physiology: the LDL

receptor-related protein (LRP). This protein was first identified

through its role in the metabolism of lipoproteins in chylomi-

cron remnants but is also involved in the fibrinolysis system

and the risk of thrombosis(67). LRP may decrease fibrinolytic

activity by accelerating the degradation of tissue plasminogen

activator – a protein that plays a major role in the activation of

the fibrinolysis system. A dysfunctional fibrinolysis system

promotes thrombotic complications, and thus high cholesterol

consumption could (via the LRP) promote CVD. This is con-

ceivable but remains a hypothesis.

Another possibility, which goes against the aforementioned

mechanism, is that LRP is essential for maintaining a stable

arterial wall and preventing the development of atherosclero-

tic damage – independently of plasma cholesterol(81,82). LRP

appears to accelerate the degradation of proteins (metallopro-

teinases) that weaken the arterial structure. The absence of

LRP (e.g. in GM mice) or low LRP levels (in patients with a

low cholesterol intake) could thus promote the development

of arterial damage. Hence, LRP may protect against CVD. In

other words, dietary cholesterol appears to modulate a mem-

brane protein that is essential for normal arterial function

(LRP) and which, depending on the circumstances (e.g. as a

function of age or other associated factors such as arterial

hypertension and diabetes), may either increase or decrease

the risk of CVD. This ambivalence of LRP undoubtedly

explains the fact that the epidemiological data on dietary

cholesterol are just as ambiguous.

Conclusion

Cholesterol is a vital component of the human body. This may

explain that its availability is highly regulated in terms of both

absorption and synthesis. Since cholesterol absorption is con-

trolled by several biological systems, an alteration of one of

these systems does not totally disturb absorption. This mech-

anism could explain the inter-individual absorption variability

in the current human population. Moreover, a low dietary

cholesterol intake is compensated by an increase in absorp-

tion, suggesting that the balance between absorption and

synthesis is also modulated. Contrary to cholesterol, PS

absorption is extremely low, and the human body owns a

natural clearance system. In the human population, there

exist low absorbers and high synthesisers and, inversely, this

could explain a variable and complementary efficiency of

drugs, which inhibit absorption or synthesis. However, it is

not possible to predict these effects on the basal levels of

plasma PS or cholesterol precursors (lathosterol). Due to

these adaptive mechanisms, although dietary cholesterol

enhances plasma cholesterol (LDL-cholesterol and HDL-

cholesterol), this rise is low, and the interpretation of an

HDL-cholesterol increase is difficult. Recent epidemiological

studies have not shown any relationship between cardiovas-

cular risk and dietary cholesterol intake and/or egg consump-

tion, or else have shown a very low effect, except in diabetic

subjects. This could be due to a high dietary cholesterol

absorption rate in type 1 diabetes and a high synthesis in

type 2 diabetes. So knowledge about dietary cholesterol

physiology is an important practical and scientific concern.
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