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Summary
Phytosterols are sterols found naturally in various oils from plants.  Phytosterols compete with cholesterol for 
a place in the mixed micelles, needed for cholesterol absorption by the small intestine.  As a result, cholesterol 
absorption, either from food or from bile salts is lowered by about 50%, leading to a lowering of about 10% of 
blood cholesterol level, despite an increase in hepatic cholesterol synthesis.  This reduction is achieved when 
phytosterols are given both as monotherapy, and in addition to statin therapy.  The average Western diet contains 
about 400–800 mg of phytosterols per day, while the dose needed for lowering the blood cholesterol level is about 
2–3 grams per day.  Therefore, for the purpose of reducing blood cholesterol, they should be given either as phy-
tosterol-enriched food or as supplements.  The reduction in the level of low-density lipoprotein (LDL) cholesterol 
achieved with phytosterols may reduce the risk of coronary disease by about 25%.  For this reason the American 
Heart Association has recommended the consumption of phytosterols, as part of a balanced diet, for lowering 
blood cholesterol levels.
High levels of LDL cholesterol is a well known risk factor for atherosclerosis, which is the main cause of mortality 
in Western countries [1].  Statins are the drugs of choice for people who are at high risk of developing cardiovas-
cular diseases, and who have LDL cholesterol levels higher than recommended [2].  Following recent studies, low 
LDL cholesterol target levels have been set for high-risk patients.  Such target levels mandate the use of high 
doses of potent statins in many cases [2]. Some of these high-risk patients fail to reach LDL cholesterol target 
levels even with intensive statin therapy.  Moreover, 10–20% of statin-treated patients develop side effects (mainly 
myopathy), which limit the ability to use intensive statin therapy [3].  Potential therapies in such cases include 
ezetimibe, bile acid sequestrants and niacin [2].  Another treatment option which gathered renewed interest in re-
cent years is the use of phytosterols.  Phytosterols are plant-derives sterols that inhibit the intestinal absorption 
of cholesterol.  This review covers current knowledge on cholesterol absorption and the available data concerning 
phytosterols efficacy and safety.
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The mechanism of intestinal cholesterol 
absorption
The human body contains about 140 grams of cho-
lesterol, and is able to produce its daily need of about 
1200 mg [4]. A typical Western diet contains about 
300–500 mg of cholesterol per day.  Bile acids pres-
ent another 800–1300 mg of cholesterol daily to the 
intestine.  About half of the cholesterol reaching the 
intestine from these two sources is absorbed and 
transferred to the liver [5].

Cholesterol absorption starts with the formation in 
the intestinal lumen of mixed micelles, which contain 
cholesterol, bile salts, fatty acids, phospholipids and 
monoacylglycerols [4].  The micelles enable fatty mole-
cules to cross the hydrophilic layer and reach the brush 
border, where they are absorbed by the enterocytes.  
Cholesterol molecules not entering these micelles will 
not be absorbed.

The second phase of cholesterol absorption involves 
the selective entrance of cholesterol molecules into the 
enterocytes, via a sterol transporter.  This transporter 
was recently identified as the Nieman-Pick C1 Like 1 pro-
tein (NPC1L1) [6,7].  This protein, which contains a sterol-
sensing domain, is expressed mainly in proximal jejunum 
cells, where most of the cholesterol absorption takes 
place.  This protein is the target of ezetimibe, a drug that 
inhibits cholesterol absorption [7].  Other sterols, such as 
phytosterols, are also taken up by the enterocytes using 
NPC1L1.

Cholesterol absorbed by the enterocytes enters the 
endoplasmic reticulum, where it is esterified by the en-
zyme acyl-Coa: cholesterol acyltransferase (ACAT) [8].  
The formed cholesterol-ester molecules are packed 
into chylomicrons and secreted to the lymphatics on 
their way to the liver.  Unlike cholesterol, phytosterols 
are of no use to the body, and therefore are secreted 
back to the intestinal lumen.  This process is carried 
out by a heterodimer of two adenosine triphosphate 
(ATP) binding cassette transporters, ABCG5 and ABCG8 
[9].  For this reason, the plasma concentration of phy-
tosterols is lower by several orders of magnitude than 
that of cholesterol [10].

Phytosterols and their use as cholesterol 
absorption inhibitors
Phytosterols are plant-specific phytochemicals that are 
essential components of cell membranes.  Phytosterols 
and their saturated forms (saturation of the double bond 
at carbon-5), termed phytostanols, are structurally re-
lated to cholesterol, although they differ in the complex-
ity of their side chain which is attached to the steroid 
ring.  They are not synthesized by animals and humans 

and, therefore, always originate from the diet.  There are 
two types of phytosterols: sterols, which have a double 
bond in the sterol ring; and stanols, which do not have 
that double bond.

Lipid-rich plant foods such as nuts, legumes and 
seeds contain a relatively high amount of phytosterols.  
Over 40 phytosterols have been identified.  Of those 
identified, campesterol, stigmasterol and β-sitosterol 
account for more than 95% of total phytosterol dietary 
intake.  The typical Western diet contains 400–800 mg 
of phytosterols per day, of which only a minute amount 
is absorbed [11].  Because of the low bioavailability of 
unesterified phytosterols they should be given as es-
ters of fatty acids [12].

Phytosterols have been known to reduce plasma 
levels of cholesterol since 1953 [13]. The mechanism 
of cholesterol absorption inhibition by phytosterols in-
volves competition for a place in the mixed micelles, 
required for intestinal cholesterol absorption, since 
phytosterols are more hydrophobic and have higher 
affinity for micelles than cholesterol.  As a result, cho-
lesterol absorption (both exogenous from food and 
endogenous from bile salts) is reduced by about 50%.  
Reduction of cholesterol absorption leads to reduction 
of plasma levels of cholesterol, despite a compensa-
tory increase in cholesterol synthesis by the liver [14].

Supplementation with phytosterols in the form 
of functional foods (margarine, yogurt) or in tab-
let form reduces plasma LDL cholesterol levels by 
10–15%.  High-density lipoprotein (HDL) cholesterol 
and triglyceride levels are unaffected by phytosterols 
supplementation.  The required phytosterols dose to 
produce a maximal effect on LDL cholesterol levels is 
2–3 grams per day, and higher doses do not produce 
further reductions in LDL cholesterol levels [11,14].  
Supplementation with phytosterols is effective when 
added both to a typical Western diet and to a low-fat 
diet [14].  For example, in a study of 194 subjects with 
moderate hypercholesterolemia (LDL cholesterol be-
tween 130 and 190 mg/dL), supplementation with 1.6 
grams per day of phytosterols in the form of a phy-
tosterols-enriched yogurt reduced LDL cholesterol 
levels by 9.5% compared to supplementation with a 
regular yogurt [19].

Addition of phytosterols to patients treated with statins 
enables a further reduction of LDL cholesterol levels by 
7–11% [15–18], a reduction similar to that achieved by 
doubling the dose of the statin [20].  This further reduc-
tion enables more patients to reach their LDL cholesterol 
target levels.  In a study of 84 subjects (both with and 
without coronary heart disease), supplementation with 
1.6 grams per day of phytosterols in the form of a phy-
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tosterols-enriched yogurt reduced LDL cholesterol lev-
els by 10% compared to supplementation with a regular 
yogurt, including in statin-treated patients.  About 50% of 
the subjects treated with phytosterols achieved their LDL 
cholesterol target levels (less than 130 mg/dL for sub-
jects without and less than 100 mg/dL for subjects with 
coronary heart disease) compared with only 20% of sub-
jects treated with a regular yogurt [21].

The effect of phytosterols on reduction of choles-
terol levels was found to be similar in many sub-
groups of patients at high risk of cardiovascular mor-
bidity and mortality, such as diabetics [22] and post-
menopausal women [27].

A dietary portfolio of cholesterol-lowering foods 
containing a margarine enriched in phytosterols (pro-
viding 1.0 g plant sterols per 1000 kcal) was found 
to significantly reduce the levels of apolipoprotein B 
(apo B) and the ratio of apo B to apo A-I, both consid-
ered risk factors for atherosclerosis [23].

Recent evidence suggests that inhibition of cho-
lesterol absorption may not be the only mechanism 
through which phytosterols affect cholesterol levels 
and atherogenesis [24], since phytosterols do not 
need to be present in the intestinal lumen simultane-
ously with cholesterol to inhibit its absorption.

Liver X Receptors (LXRs) α and β are broadly ex-
pressed in the body and act as a global regulator of 
cholesterol homeostasis, mainly by preventing excess 
cholesterol accumulation in tissues.  These LXRs 
are expressed in the intestine, which suggests that 
these transcription factors may play a role in intesti-
nal cholesterol metabolism.  The induction of LXR by 
ligand binding enhances the transcription of several 
members of the ABC gene family such as ABCA1 and 
ABCG5/ABCG8.  Phytosterols have been shown to act 
as LXR ligands, suggesting that cholesterol metabo-
lism within the enterocytes may change as a result 
of LXR agonist activity induced by these compounds.  
Transcriptional ABCA1 activation has been proposed 
as a mechanism to explain the reduction in intesti-
nal cholesterol absorption induced by phytosterols.  
Mixed micelles enriched with sitostanol were found 
to be potent inducers of ABCA1 expression in a model 
of human intestinal cells.  LXR activation may also re-
duce intestinal cholesterol absorption independently 
of ABCA1, probably by increasing the intestinal tran-
scription of ABCG5 and ABCG8. Therefore, activation 
of these efflux transporters could also explain the 
phytosterol-mediated inhibition of intestinal choles-
terol absorption.  However, in other studies, tran-
scriptional changes in intestinal ABCA1, ABCG5 and 
ABCG8 did not correlate with an intestinal cholesterol 

absorption decrease in phytosterol-treated mice and 
hamsters, so the question of the significance of this 
mechanism remains open.

Other studies have proposed that phytosterols may 
act through an effect on cholesterol esterification and 
lipoprotein assembly (ACAT), or cholesterol internal-
ization (NPC1L1), but conclusive evidence for these 
proposed mechanisms is lacking.

Consumption of phytosterols may also reduce oxida-
tive stress, which may exert another beneficial effect on 
the development of atherosclerosis.  Subjects consum-
ing a phytosterols-enriched yogurt had a grater reduc-
tion in the levels of the highly atherogenic oxidized LDL 
compared to control subjects [19].  Phytosterols have 
also been shown to reduce plasma levels of 8-isopros-
tane, a measure of oxidative stress [25].

Phytosterols may also have an anti-inflammatory 
effect.  In one study, supplementation with a phytos-
terols-enriched margarine resulted in a 42% reduc-
tion in the level of C-reactive protein (CRP), a marker 
of inflammation considered by some to be a risk fac-
tor for atherosclerosis [26].

In animal models, phytosterols have an anti-athero-
genic effect.  In a model of transgenic LDL-receptor 
deficient mice, phytosterols reduced the formation and 
may even have regressed atherosclerotic plaques [27].  
This effect was even noted in mice treated with atorv-
astatin.

The effect of phytosterols on the incidence of cardio-
vascular events in humans was not tested.  However, 
other methods of cholesterol absorption inhibition 
were associated with a reduction in cardiovascular 
events.  In the Program on the Surgical Control of the 
Hyperlipidemia (POSCH) trial, reduction of cholesterol 
absorption by a partial intestinal bypass was associ-
ated with a reduction in cardiovascular events in pa-
tients after a myocardial infarction [28].  In the Lipid 
Research Clinics Coronary Primary Prevention Trial 
(LRC-CPPT), reduction of cholesterol absorption with 
cholestyramine was associated with a reduction of 
cardiovascular events in patients without coronary 
heart disease [29].

Some safety concerns have been raised about sup-
plementation with phytosterols, since sitosterolemia, 
a rare genetic disorder characterized by high plasma 
levels of phytosterols, is associated with a high risk of 
cardiovascular events.  However, plasma phytosterols 
levels in sitosterolemia are several orders of magni-
tude higher than the levels seen with supplementa-
tion with phytosterols [30].

The absorption of beta-carotene is slightly reduced 
by phytosterols.  The absorption of other lipid-soluble 
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vitamins, such as alpha-carotene, lycopene, vitamin E, vi-
tamin D and the level of vitamin K dependent clotting fac-
tors are unaffected by phytosterols supplementation [31].

Summary
A high level of plasma cholesterol is a significant risk 
factor for cardiovascular diseases.  Reduction of LDL 
cholesterol with statins reduces morbidity and mortal-
ity.  In patients who fail to achieve their LDL choles-
terol target levels despite maximally tolerated statin 
therapy, and in patients at low risk for cardiovascular 
diseases, supplementation with phytosterols may help 
to reduce LDL cholesterol levels.  The AHA/ACC sec-
ondary prevention guidelines for patients with coro-
nary and other atherosclerotic vascular disease rec-
ommend the consumption of up to 2 grams per day of 
phytosterols, as part of a heart-healthy diet, to help 
reduce LDL cholesterol levels by 6–15% [32].
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