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Summary: Elevated low-density lipoprotein (LDL) choles-
terol plays an important role in the development of atheroscle-
rosis. In part, plasma LDL levels are dependent on cholesterol
absorption in the intestine and the rate of intrinsic cholesterol
synthesis. Therapy with 3-hydroxy-3-methylglutaryl coen-
zyme A-reductase inhibitors has often proven to be successful
in reducing plasma LDL levels. However, a significant num-
ber of patients do not reach their target LDL levels despite
statin therapy. As is reviewed, drugs that inhibit cholesterol 
absorption are a useful adjunct to lipid-lowering therapy by
statins. This review discusses the mechanisms involved in in-
testinal absorption of cholesterol and its transport as potential
targets of newer agents that affect cholesterol absorption. The
use of bile acid sequestrants and esters of plant stanols, as well
as other intestinally active agents for reducing plasma LDL
levels, has been limited by side effects and difficulties in pa-
tient compliance. In contrast, the new selective cholesterol
transporter inhibitor ezetimibe has been demonstrated to re-
duce plasma LDL alone or in combination with statins without
significant adverse effects. In spite of the robust lipid-lowering
data with ezetimibe, questions about clinical outcomes, safety,
and efficacy in various combinations remain.
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Importance of Low-Density Lipoprotein Lowering

Epidemiologic studies consistently demonstrate a direct
correlation between levels of total cholesterol (TC) and the 
incidence of coronary artery disease (CAD). Epidemiologic
studies have also established specific lipid parameters as im-
portant risk factors for CAD. For example, in the Münster
Heart Study, the incidence of CAD correlated positively with
increasing serum levels of low-density-lipoprotein cholesterol
(LDL-C) and triglycerides (TG) and correlated negatively
with increasing high-density-lipoprotein cholesterol (HDL-C)
concentrations.1 From the many outcome studies so far report-
ed, it has been firmly established that for every 1% reduction in
plasma LDL, independent of mode of therapy, there was at
least a 1% reduction in events achieved.

Adult Treatment Panel (ATP) III guidelines have estab-
lished LDL lowering as a primary goal in cholesterol treat-
ment. These guidelines also recognize diabetes as a coronary
heart disease (CHD) equivalent and the metabolic syndrome
as a potent risk factor for CAD. It lowered optimal parameters
for LDL-C (<100 and <70 mg/dl in the highest-risk patients),
defined low HDL (<40 mg/dl) as a major risk factor, and set a
new secondary goal of lowering non-HDL-C (LDL-C + very
low-density lipoprotein [VLDL]-C) in patients with metabol-
ic syndrome.2

Unfortunately, many patients are not reaching their LDL-C
goal. The Lipid Treatment Assessment Project (L-TAP) sur-
vey results demonstrated that hypercholesterolemia treatment
is suboptimal, particularly among patients in higher-risk
groups. Retrospective analysis showed that only about 40%
of patients with two or more risk factors who were receiving
various lipid-lowering drugs and only about 18% of patients
with CHD were meeting their National Cholesterol Educa-
tion Program (NCEP) LDL-C goal.3

Overview of Cholesterol Metabolism

There are many determinants of the plasma LDL level.
Here, we will focus on the fact that plasma LDL-C correlates
positively with the amount of cholesterol absorbed in the in-
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testine. For example, Kesäniemi and Miettinen showed that
participants in the lower deciles based on serum cholesterol
had lower cholesterol absorption than those in the highest
deciles.4 This supports the rationale for LDL-C-lowering ther-
apy via inhibition of intestinal cholesterol absorption.

The total body cholesterol pool consists of two sources: di-
etary and cholesterol synthesized by the tissues of the body.
The liver synthesizes a considerable quantity of cholesterol,
which leaves either in the form of VLDL (some of which is
converted to LDL) or as biliary cholesterol. Liver also takes up
lipoprotein cholesterol (LDL, chylomicron and VLDL rem-
nants; chylomicron cholesterol originally comes from dietary
sources) through its LDL and LRP receptors. Approximately
60% of the body’s total LDL-receptor activity resides in the
liver. In addition, the liver converts some cholesterol to bile
salts, which are also secreted into the bile.

Dietary cholesterol comprises about a quarter of the total 
intestinal cholesterol pool; the remainder (~ 800 mg daily) 
is comprised of biliary cholesterol. Cholesterol entering the
small intestine is emulsified by bile salts into micelles and
transferred from the micelles into duodenal and jejunal entero-
cytes via a putative sterol transporter, tentatively identified as a
member of the Niemann-Pick family of proteins (NPC1L1).5

In the enterocyte, absorbed cholesterol is esterified and pack-
aged into chylomicrons, which are released into the lymphatic
circulation. During their brief circulation through lymph and
blood, chylomicrons are converted to cholesterol-enriched
chylomicron remnants, which are taken up by the liver.6

Pathophysiologic Rationale for Cholesterol
Absorption Inhibitors

As explained above, intestinal absorption of cholesterol
from diet and bile, and intestinal reabsorption of cholesterol-
derived bile salts are important targets for cholesterol-lowering
therapy. Bile acid sequestrants inhibit intestinal reabsorption
of bile acids.7 This stimulates the liver to produce more bile
salts from cholesterol, thereby depleting the hepatic choles-
terol pool, which upregulates the LDL receptor and increases
LDL clearance by the liver.

Bile acid sequestrants reduce LDL-C by 15–30%, raise
HDL-C by 3–5%, but may increase TG in patients, particular-
ly those with preexisting hypertriglyceridemia.7 Side effects
associated with some bile acid sequestrants include gastroin-
testinal distress or constipation, which may lead to decreased
compliance.8 In addition, first-generation agents (such as cho-
lestyramine and colestipol) reduce absorption of other drugs.

Plant sterol and stanol esters have a low degree of intestinal
absorption and block cholesterol absorption by inhibiting the
incorporation of dietary and biliary cholesterol into micelles.9

When 2–3 g of phytosterols are incorporated in the diet, they
produce LDL-C reductions of 10–15%.10 Because of the high
caloric content of the phytosterol-enriched products, signifi-
cant weight gain may be observed in some patients. Due to
their nonselective action, there is a theoretical concern that the
small reductions in plasma soluble vitamin levels reported

with use of plant sterol and stanol esters may become clinical-
ly significant with long-term treatment.11 Despite these con-
cerns, the NCEP ATP III guidelines note the potential benefits
in selected patients of the dietary incorporation of plant sterol
and stanol esters in order to reduce plasma levels of LDL-C.2

The American Heart Association (AHA) however, in its sci-
entific advisory statement, offered the following recommen-
dation: “Although their [plant sterol and stanol esters] uses as
a dietary adjunct in moderate to severely hypercholesterolemic
children can be considered, fat-soluble vitamin status should be
monitored…more information is required before their routine
ingestion is recommended.”12

The limitations of the above agents suggest an improved ap-
proach would be a valuable treatment option. 

Effect of Ezetimibe on Cholesterol Absorption

Ezetimibe is a novel agent that selectively inhibits choles-
terol absorption.13 It is believed to block selectively the above-
noted putative cholesterol transporter in the brush border
membrane of intestinal epithelial cells.14 Because of its mech-
anism of action, it does not interfere with intestinal absorption
of nutrients (i.e., lipid-soluble vitamins15) and drugs.16

Ezetimibe decreases the intestinal absorption of dietary and
biliary cholesterol by > 50% (from 49.8 to 22.7%).13 The
amounts of cholesterol transported through the plasma com-
partment via chylomicron and chylomicron remnants are dra-
matically reduced. In addition, the reduced cholesterol delivery
to the liver induces a compensatory increase in LDL receptors
and, thus, increased clearance of LDL and chylomicron-rem-
nant particles from the circulation. This net decrease in cir-
culating levels of LDL (and chylomicrons/chylomicron rem-
nants) effectively reduces their availability to peripheral tissues
and the contribution of these particles to atherosclerosis.

Clinical Pharmacology of Ezetimibe

Ezetimibe localizes in the intestinal wall, primarily as a glu-
curonidated metabolite. After being absorbed in the intestine,
it undergoes enterohepatic circulation and reenters the intesti-
nal lumen via bile.17 This minimizes systemic exposure and
the potential for adverse effects. The half-life of ezetimibe is
22 h, making once a day dosing possible. It can be taken with
or without food and at any time of the day. Experimental data
from clinical trials have been compiled on safety and efficacy
of ezetimibe in more than 4,700 patients as monotherapy18, 19

and in combination with a statin.20, 21 Generally, ezetimibe was
well tolerated, and the overall incidence of adverse events was
similar to that reported with placebo. Of importance is the fact
that ezetimibe appeared to have no clinically significant phar-
macokinetic interactions with other drugs, including those
known to be metabolized by the cytochrome CYP450 sys-
tem.16 In clinical trials, coadministration of ezetimibe with a
statin resulted in a three times higher incidence of consecutive
elevations in serum transaminases (≥ 3 � ULN) than that of
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statins alone. Absolute incidence, however, was still very low
(1.3 vs. 0.4%), and generally these elevations were asymp-
tomatic and returned to baseline regardless of whether treat-
ment was discontinued.21 Safety monitoring for ezetimibe
monotherapy is not required; when used with a statin, the rec-
ommendations for the statin apply.

Potential Role of Ezetimibe in Cholesterol-
Lowering Therapy

In response to the decreased hepatic cholesterol pool, the
liver responds by upregulating LDL receptors and increasing
de novo cholesterol synthesis; the net result is a modest de-
crease in plasma LDL. Therefore, although plasma cholesterol
can be effectively lowered by intestinal cholesterol absorption
inhibitors, their efficacy is decreased by the adaptive increase
of hepatic cholesterol synthesis, which can go up by as much
as 89%.13 In the presence of a HMG CoA reductase inhibitor,
this compensatory increase in cholesterol synthesis is marked-
ly diminished, resulting in the substantially greater decrease in
LDL cholesterol that can be achieved from administration of
intestinal-acting agents alone.

Therapy with ezetimibe provides a modest LDL reduction
of 17% as well as having a favorable effect on HDL choles-
terol and TG.20, 21 Monotherapy with this agent will most like-
ly benefit the select group of patients with only mild LDL ele-
vations in the absence of other risk factors; those who had
previous adverse reaction to other first line agents, particularly
statins; and a small group of patients who are found to have in-
creased absorption of cholesterol.

Given the modest reduction of LDL-C with ezetimibe
monotherapy, its greatest value is likely to be found as a com-
bination agent with statins. In clinical trials, ezetimibe was
used in combination with a statin, as well as added to an on-
going therapy with a statin. On average, combination therapy
resulted in the incremental decrease in LDL-C by 15%, and
add-on therapy gave an additional 20% LDL lowering from
post-statin values, compared with statin therapy alone.21–23

Recently, a combination therapy pill of simvastatin and eze-
timibe became available in the U.S. Compared with atorva-
statin, the combination of simvastatin and ezetimibe was su-
perior in percent LDL cholesterol decrease and HDL choles-
terol increase at equal doses.24

The addition of ezetimibe to a starting dose of statin is there-
fore a therapeutic alternative to a three-step statin titration be-
cause, with only an average of 6% further lowering of LDL-C
with each doubling of the starting dose of a statin, these strate-
gies have similar incremental LDL-C-lowering effects (15–
18%). In addition, statin titration is associated with increased
incidence of adverse effects, the most serious of which being
rhabdomyolisis.25 Overall, combination therapy effectively in-
creases the likelihood of reaching LDL-C goals and allows the
use of lower statin doses in order to achieve target LDL-C lev-
els, thereby reducing the potential for adverse effects.

Recently, C-reactive protein (CRP), which is believed to re-
flect the inflammatory state, was shown to be a powerful risk
marker for cardiac events in patients in all risk categories and

across a wide range of LDL-C levels.26 New evidence contin-
ually emerges that implicates CRP as a potent etiologic factor
in the development of atherosclerosis.27, 28 Therapy with statin
results in significant lowering of CRP and this may play a role
in its ability to retard progression of atherosclerosis and plaque
passivation.29 Ezetimibe may also have an anti-inflammatory
effect. In two recent trials, addition of ezetimibe to statin ther-
apy resulted in greater hs-CRP reduction than with statin ther-
apy alone.21, 30 No change in hs-CRP, however, was noted in
the ezetimibe alone group.

Despite the robust LDL lowering data with ezetimibe, it is
important to realize that our knowledge of this drug is far from
complete. Thus far, no clinical outcome trials of ezetimibe
with the endpoint of morbidity and mortality are available.
Although low-dose statin plus ezetimibe may achieve LDL re-
duction similar to high-dose statins, no outcome data compare
these two treatment approaches. No large series have exam-
ined the effect of ezetimibe in diabetics. Little is known of effi-
cacy of ezetimibe in combination with a fibrate, and no data
are presently available on combinations with niacin, resins,
and plant stanol esters. Also, the increased cost of ezetimibe
must be considered. Despite these limitations, LDL lowering
remains a primary objective of cholesterol treatment. A recent
trial has demonstrated that high-risk patients with LDL choles-
terol <100 mg/dl prior to treatment still benefited from choles-
terol lowering treatment.31 Recent trials, such as Treating to
New Targets (TNT),32 Study of Effectiveness of Additional
Reductions of Cholesterol and Homocysteine (SEARCH),
Incremental Decrease in Endpoints through Aggressive Lipid
lowering (IDEAL),33 confirm further event reduction with
LDL cholesterol far below 100 mg/dl, so it is expected that the
need for drugs like ezetimibe will only increase.

Conclusions

Ezetimibe is a novel selective cholesterol absorption in-
hibitor that reduces the delivery of cholesterol to the liver. The
distinct mechanism of ezetimibe appears to be complementary
to that of statins and other hypolipidemic agents. Ezetimibe
has a potential clinical role both as monotherapy and in combi-
nation with other lipid-lowering therapies. As monotherapy,
ezetimibe may be useful in individuals requiring only modest
LDL-C reductions, ineligible for or intolerant to other agents,
or those with high intestinal cholesterol absorption. In combi-
nation with other lipid-lowering agents, ezetimibe may be use-
ful in individuals who do not reach their LDL-C goal with stat-
in therapy alone, or as an alternative to increasing statin dose.
Further studies that assess long-term outcome are needed for a
more clear definition of its role in reducing the risk of coronary
artery disease.
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