
European Heart Journal Supplements (2001) 3 (Supplement E), E2–E5

The role of the exogenous pathway in
hypercholesterolaemia

J. Shepherd

Royal Infirmary, Glasgow, Scotland, U.K.

The concentration of plasma cholesterol is regulated by
endogenous and exogenous pathways of cholesterol
metabolism. In the endogenous pathway, cholesterol is
synthesized by the liver and extrahepatic tissues, and enters
the circulation as a component of lipoproteins, or is
secreted into bile. In the exogenous pathway, cholesterol
from dietary and biliary sources is absorbed in the intestine
and ultimately enters the circulation as a component of
chylomicrons. A new class of drugs, the selective cholesterol
absorption inhibitors, offers a different approach to current
strategies available for the management of hypercholesterol-
aemia. Ezetimibe, the first of these new compounds,
inhibits intestinal absorption of dietary and biliary choles-
terol, and lowers total cholesterol and low-density lipopro-
tein cholesterol (LDL-C) levels in humans. By inhibiting

cholesterol absorption, and thereby possibly reducing the
cholesterol content of chylomicrons, ezetimibe may also
decrease the potential atherogenicity of chylomicrons and
their remnants. Combination therapy with ezetimibe and
statins, which inhibit cholesterol synthesis, provides
broader control of lipid levels by impacting both the
exogenous and endogenous pathways of cholesterol
metabolism. Such combination therapy may be a con-
venient and more practical option for LDL-C reduction.
(Eur Heart J Supplements 2001; 3 (Suppl E): E2–E5)
? 2001 The European Society of Cardiology
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Introduction

The concentration of plasma cholesterol depends on the
integrated balance of the endogenous and exogenous
pathways of cholesterol metabolism[1–3]. Pharmacologi-
cal interventions to reduce plasma cholesterol levels can
target either or both of these pathways. The statins
impact the endogenous pathway. They reduce choles-
terol by inhibiting 3-hydroxy-3-methylglutaryl co-
enzyme A (HMG-CoA) reductase, the enzyme that
catalyses the rate-limiting step in the synthesis of chol-
esterol. This reduction in cholesterol synthesis in the
liver ultimately leads to an up-regulation of low-density
lipoprotein (LDL) receptors, resulting in an increased
clearance of LDL particles from plasma and a reduction
in plasma LDL cholesterol (LDL-C) levels[1,4,5]. The
statins lower LDL-C concentrations by as much as 60%,
although decreases of 20–30% are more common[1,6–8].
However, they have a dose-response curve of limited
applicability[9,10], and at high doses can be associated
with elevations in aminotransferase levels[11,12]. The sel-
ective cholesterol absorption inhibitors, however, affect

the exogenous pathway of cholesterol metabolism[13,14].
Ezetimibe, the first drug in this novel class, inhibits the
absorption of dietary and biliary cholesterol from the
intestine by blocking the transport of cholesterol
through the intestinal wall[14].

The present article further details the exogenous and
endogenous pathways of cholesterol metabolism, and
discusses the role of the chylomicron in cholesterol
metabolism and its potential role as an atherogenic
particle. The roles of the liver and the intestine in net
cholesterol balance are reviewed. Finally, a dual phar-
macological approach utilizing the statins and ezetimibe
to manage hypercholesterolaemia is discussed.

The pathways of cholesterol
metabolism

Plasma cholesterol concentrations are maintained by
biosynthesis through the endogenous pathway and
absorption of dietary and biliary cholesterol through the
exogenous pathway (Fig. 1). In the endogenous path-
way, cholesterol is synthesized by the liver and extra-
hepatic tissues and secreted into plasma, whereas the
intestine is the primary site of the exogenous pathway of
dietary cholesterol uptake[1–3]. Alteration of either path-
way will affect the concentration of plasma cholesterol.
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Cholesterol from the liver can be secreted into the bile
or can be incorporated, as the free or esterified form,
into lipoproteins, namely very-low-density lipoprotein
(VLDL) and LDL, which are then secreted into plasma.
Elevated levels of cholesterol in the liver will lead to an
increased production of VLDL and/or LDL, as well as
down-regulation of the LDL receptor. The increase in
lipoprotein production and the decrease in LDL clear-
ance can both lead to an elevation in plasma cholesterol
level.

Exogenous cholesterol is derived from bile and from
dietary sources, which predominantly comprise animal
and dairy food products. In the intestinal lumen, if the
cholesterol is esterified, the ester is cleaved from the
cholesterol moiety by pancreatic cholesteryl ester hydro-
lase, which is produced by the exocrine pancreas. Free
cholesterol, along with other lipids and fat-soluble vita-
mins, is then solubilized into micelles and is subse-
quently absorbed by enterocytes by a mechanism that is
not completely understood. After absorption, the free
cholesterol is re-esterified to cholesteryl ester by acyl
CoA:cholesterol acyltransferase (ACAT), and is pack-
aged with other lipids into chylomicrons, which are
secreted into the mesenteric lymph and ultimately into
plasma[15]. Once in circulation, chylomicrons are hydro-
lyzed by lipoprotein lipase at the endothelial surface of
vessels and are reduced to chylomicron remnants[16].
These chylomicron remnants can then be removed from
the circulation by the liver or, if they are small enough,
may be able to penetrate the endothelial surface of the
arterial wall, where they may contribute to plaque
formation[17] (see Fig. 2 for schematic presentation).

Chylomicron remnants and
atherosclerosis

Data from pre-clinical and clinical studies strongly
support the concept that chylomicron remnants may
dramatically affect the risk of atherosclerosis and cor-
onary heart disease[18–21]. Significant accumulation of
chylomicron remnants may occur in certain primary and
secondary lipid disorders, as well as in normolipidaemic
individuals with coronary heart disease[22]. Blocking the
exogenous pathway by selectively inhibiting the uptake
of cholesterol at the level of the brush border, as has
been demonstrated by ezetimibe[23], may reduce the
cholesteryl ester content of chylomicrons and their rem-
nants. Consequently, plaque formation may be reduced
at the level of the arterial wall (Fig. 3). If hepatic
clearance of lipoproteins is activated with statins by
up-regulation of LDL receptors, removal of chylo-
micron remnants from the circulation will also be
enhanced since they contain apolipoprotein E, which
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Figure 1 The endogenous and exogenous pathways of
cholesterol metabolism. HDL=high-density lipoprotein;
VLDL=very-low-density lipoprotein; IDL=intermediate-
density lipoprotein; LDL=low-density lipoprotein;
LDL-R=low-density lipoprotein receptor.
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Figure 2 Exogenous pathway of cholesterol metabolism.
ACAT=acyl CoA: cholesterol acyltransferase; CE=
cholesteryl ester; FC=free cholesterol.
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Figure 3 Atherogenic potential of chylomicrons: benefits
of inhibiting exogenous cholesterol absorption.
CE=cholesteryl ester.
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can bind to the LDL receptor. Hence, there are two
options available to regulate plasma cholesterol: block
its uptake into the body with agents such as selective
cholesterol absorption inhibitors, or promote its re-
moval from the circulation by blocking the endogenous
pathway with agents such as statins.

Ezetimibe may reduce the cholesterol content of
chylomicrons and decrease the potential athero-
genicity of chylomicrons and their remnants. A single
10-mg . kg"1 dose of an ezetimibe analogue was admin-
istered to a small group of cholesterol-fed cynomolgus
monkeys and blood samples were collected 4–5 h into
the postprandial period. The single dose of the ezetimibe
analogue significantly decreased the concentrations of
postprandial chylomicra cholesteryl esters by 69%
(P<0·05), with no significant effect on the triglyceride
content[24].

Role of the liver in cholesterol
metabolism

Cholesterol balance is maintained through hepatic and
extrahepatic activity. Depending on diet, humans typi-
cally consume approximately 300–700 mg of cholesterol
daily[3]. Approximately three times that amount
(1000 mg) is secreted into bile and subsequently into the
intestine. Thus, humans metabolize approximately
1300–1700 mg of cholesterol per day through their
intestines.

The liver is an important organ for cholesterol pro-
duction and might be regarded as the crossroads of
cholesterol metabolism. The liver largely regulates cor-
poreal cholesterol metabolism, maintaining cholesterol
balance by responding to variations in cholesterol
uptake and export[25] (Fig. 4). The liver can resecrete the
cholesterol into bile or package the cholesterol into
apolipoprotein B-containing particles, which are athero-
genic. Thus, the hepatocyte cholesterol level can be
affected in several ways, including decreasing cholesterol

synthesis in the hepatocyte, reducing cholesterol uptake
from the intestine or modifying cholesterol output to
bile.

A dual approach to managing
hypercholesterolaemia

Statins are widely used in clinical practice to lower
cholesterol levels. These compounds primarily affect the
hepatic production of cholesterol, reducing the sterol
pools the liver needs to make bile acids or cholesterol.
Reducing the hepatic cholesterol stores up-regulates
LDL receptors on liver cell membranes. These remove
the cholesterol from the circulation, mainly in the form
of LDL-C, resulting in a decrease in plasma cholesterol
levels.

Another option for cholesterol-lowering therapy is to
block the uptake of cholesterol from the intestine with
a selective cholesterol absorption inhibitor such as
ezetimibe. By inhibiting cholesterol absorption, less
cholesterol would ultimately be delivered to the liver.
This would also lead to an up-regulation of LDL
receptors and increased clearance of LDL. However,
one potential consequence of blocking cholesterol
absorption could be an increase in hepatic cholesterol
synthesis.

Therefore, blockade of cholesterol synthesis with one
of the statins, and inhibition of cholesterol absorption
with a selective cholesterol absorption inhibitor such as
ezetimibe, would be expected to have an enhanced effect
on removal of cholesterol from the circulation. Given
the potential complementarity of these agents on the
exogenous and endogenous pathways of cholesterol
metabolism, this approach may be expected to provide
greater reductions in LDL-C levels than with either
agent alone (Fig. 5).

The expectation that combination therapy with a
statin and ezetimibe would have an additive effect on
LDL-C levels has been tested clinically. In one study[26],
a group of patients given placebo (n=11) had little
change in their LDL-C levels. Those given simvastatin
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Figure 4 Liver regulates corporeal cholesterol metab-
olism. ACAT=acyl CoA: cholesterol acyltransferase;
BA=bile acids; LDL=low-density lipoprotein; LDL-
R=low-density lipoprotein receptor; VLDL=very-low-
density lipoprotein. (Courtesy of J. Dietschy, South-
western Medical Center, Dallas, TX, U.S.A.)
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Figure 5 Complementary actions of statins and selective
cholesterol absorption inhibitors. IDL=intermediate-
density lipoprotein; LDL=low-density lipoprotein;
VLDL=very-low-density lipoprotein.
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10 mg . day"1 (n=12) or ezetimibe 10 mg . day"1

(n=46) had statistically significant (P<0·01 vs placebo)
reductions in LDL-C levels from baseline (35% and
19%, respectively). However, patients given the combi-
nation of 10 mg of simvastatin and 10 mg of ezetimibe
(n=11) achieved a reduction of 52% in LDL-C levels,
which was an additional 17% reduction beyond that
achieved with simvastatin (10 mg) monotherapy. The
co-administration of ezetimibe and simvastatin was
safe and well tolerated. Reported side effects were
generally mild, non-specific and similar between treat-
ment groups. No significant abnormalities in clinical
laboratory test results, particularly in enzymes assess-
ing muscle and liver injury, were associated with any
of the treatments. Clinical studies evaluating the
co-administration of ezetimibe with other statins are
ongoing.

Conclusion

Co-administration of a statin and a selective cholesterol
absorption inhibitor such as ezetimibe should lower
plasma cholesterol levels more than is possible
with either treatment alone. This strategy promises
a more tailored approach to the management of
hypercholesterolaemia.
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