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Important findings
The Heart Foundation’s findings below are based on the
scientific literature discussed in this statement.

Evidence
Level of evidence
Level of
evidence
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Evidence

I		
		
		

Phytosterols lower LDL-cholesterol in people with 		
normocholesterolemia, hypercholesterolaemia 		
and diabetes.

II		
		
		
		

For people with increased risk of CVD, consuming 		
phytosterol/stanol enriched foods provides an 		
additional option for risk reduction through 			
lowering the level of cholesterol.

I		
		
		
		

A daily intake of approximately 2 g of phytosterol/		
stanol enriched margarine reduces LDL-C levels 		
by approximately 10%, but has little effect on HDL 		
cholesterol (HDL-C) or triglycerides.

II
		
		
		

A daily intake of approximately 2.5 g of phytosterol 		
enriched breakfast cereal, reduced fat yoghurt, 		
reduced fat milk or bread reduces LDL-C levels
by approximately 5 to 15%.

I
		
		

Consuming phytosterol/stanol enriched foods 		
at levels higher than 2–3 g per day provides no 		
additional benefits to lowering LDL-C.

II		
		

Daily consumption frequency does not influence the 		
cholesterol- lowering efficacy of phytosterol/stanols.

II 		
		

Phytosterol/stanol enriched foods have an additive 		
effect in lowering LDL-C when combined with statins.

II 		
		
		
		

There are no reported adverse effects from daily 		
consumption of phytosterol/stanol enriched foods,
although long-term safety information is not
available.

II
		
		
		

When consuming phytosterol/stanol enriched foods, 		
blood carotenoids are reduced. An additional serving
of high-carotenoid fruit and vegetables is effective in 		
maintaining blood carotenoid concentrations.

II 		
		
		
		
		

People with the rare inherited metabolic disease 		
homozygous sitosterolaemia have high blood
phytosterol levels and premature atherosclerosis.
Restricted intake of phytosterols is recommended
for these people.
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Background information
Phytosterols (or plant sterols) are an essential component of cell membranes and are produced by plants but
not the human body. Stanols are saturated sterols; they have no double bond in the sterol ring, and are much
less abundant.
Phytosterols and stanols are found in wood pulp, leaves, nuts, vegetable oils, seeds, cereals and some other
plants. The chief source of commercially available phytosterols is deodorised distillate from soybean oil or
palm oil, or tall (pine) oil.
The major phytosterol is sitosterol (approximately 80%). Others present in the diet include campesterol and
stigmasterol, and trace amounts of sitostanol.
Phytosterols and stanols are similar in structure to cholesterol. The difference is the presence of a methyl or
ethyl group in their side chains. This difference means that, in comparison to cholesterol, phytosterols and
stanols are not absorbed, or are minimally absorbed.
Daily phytosterol consumption is estimated to be between 160 to 400 mg in various populations.1

1. Mechanism for lowering cholesterol levels
Level of evidence

Evidence

I		
Phytosterols lower LDL-cholesterol in people with normocholesterolemia, 			
		hypercholesterolaemia and diabetes.
Studies indicate that incorporating phytosterol/stanols into the diet may be an effective method of lowering
total and LDL-C levels.
It has been found that the serum LDL-C-lowering effect of phytosterol/stanol originates from reduced intestinal
cholesterol absorption.2 In the past it was hypothesised that phytosterols were incorporated into the mixed
micelles in the intestinal tract more readily than cholesterol, therefore displacing cholesterol from mixed
micelles and resulting in reduced intestinal cholesterol absorption. However, recent findings suggest that
there is an additional process in which phytosterol/stanols actively influence cellular cholesterol metabolism
within intestinal enterocytes.2
Additionally, in response to the reduced supply of exogenous cholesterol, receptor mediated lipoprotein
cholesterol uptake is probably enhanced.2 The discovery of transporters in the intestinal mucosa cells and
hepatocytes has given new insights into the regulation of the intestinal absorption of sterols.3
The physiologically active forms are most likely the free, unesterified phytosterol/stanols. This is because steryl
and stanyl esters are thought to be rapidly hydrolysed by intestinal enzymes, yielding the physiologically
active free sterols and stanols.4 Moreau and colleagues5 have suggested that free sterols and stanols are
effective in lowering LDL-C, as long as they are formulated and delivered in a ‘bioavailable’ physical state.
This implies that efficacy may need to be assessed for each phytosterol formulation in the context of the form
of delivery.
The cholesterol-lowering effect of phytosterol/stanol esters has been well documented.6,7 A systematic
review studying the efficacy of phytosterols has shown that in people with normocholesterolemia,
hypercholesterolemia and diabetes (n=3609), 2.4 g/day of phytosterols enriched foods can significantly
lower LDL-C by 9.9%.8 The cholesterol-lowering effect of phytosterols has also been demonstrated in
postmenopausal women with CHD.9
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2. Cardiovascular disease
Level of evidence
II

Evidence
For people with increased risk of CVD, consuming phytosterol/stanol enriched foods
provide an additional option for risk reduction through lowering the level of 		
cholesterol.

There is considerable evidence that dietary saturated (and trans) fatty acids lead to increases in blood levels
of LDL-C (hypercholesterolaemia), and ultimately to atherosclerosis. Hypercholesterolaemia represents a
significant risk for CVD.
Phytosterol/stanol enriched spreads are used for the treatment of hypercholesterolaemia and in the long-term
may assist in the reduction of CVD
risk. The cholesterol-lowering effect has been observed in long-term (52 weeks) studies10,11 as well as in shortterm trials with people with mild hypercholesterolemia.
The first line of treatment for hypercholesterolemia is dietary management, in particular, the reduction of
saturated fat intake to lower LDL-C concentrations. The effect of phytosterol/stanols on blood lipids has been
shown to be additive to that of fatty acid manipulation.
In statin studies, approximately one year of effective LDL-C reduction is required for demonstrating a lowering
of CHD risk.12 As the cholesterol-lowering effect of phytosterol/stanol enriched foods is about half that of statins,
studies would need to continue for many years and be of sufficient statistical power.
Although long-term cholesterol-lowering studies, needed for actual prevention of CVD, are lacking for
phytosterols/stanols, a 2003 review has estimated that the risk reduction of CVD over the first five years of
consumption of free or esterified phytosterol/stanols to be 12% to 20%, and for life-time consumption 20%.13
The higher the absorption of cholesterol, the higher are the phytosterol contents in serum, resulting in
the higher content of phytosterols in atherosclerotic plaque.14 Several studies have concluded that statin
treatment is associated with an increase in phytosterol absorption and also arterial plaque.14,15 In contrast,
no association was found between elevated levels of phytosterols and atherosclerosis in mice that were
genetically modified to have elevated levels of plasma phytosterols, and in middle-aged men and women.16
However, the role of dietary phytosterols in the development of atherosclerotic plaque is not known and
warrants further research.

3. Nutritional information
Australian regulations
Food Standards Australia and New Zealand (FSANZ) have regulations around phytosterol but not stanol esters.
In 2000, FSANZ approved the use of phytosterol esters in table spreads and margarines at 13.7% (w/w).17
In 2006, approval was given for phytosterol esters derived from vegetable oils to be added into breakfast
cereals and low fat milk and yoghurt and, phytosterols derived from tall oils as ingredients in low fat milk.18 The
allowed range is 0.8 g to 1.0 g phytosterols from either vegetable oil or tall oil per serve of food (e.g. 250 mL
low fat milk, one 200 g tub of yoghurt, 45 g of cereal).
Historical perspective
At unsupplemented intake levels, phytosterol/stanols have only modest effects on cholesterol absorption.
However, for about 40 years it has been recognised that higher levels of consumption can interfere with
cholesterol absorption and result in decreased serum cholesterol levels.
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Studies on the efficacy of phytosterols date back to the 1950s and dose-response studies for unesterified
phytosterols were conducted in the 1970s by Lees et al.19
In 1993, Becker et al20 showed 6 g/day of sitosterols lowered LDL-C by 20%, and by 33% with 1.5 g/day of
sitostanol in children with familial hypercholesterolemia. It was thought that stanols were more effective and
safer than sterols, but the negative outcome of a study by Denke et al21 led to the recognition that the lipid
solubility of free stanols was very limited. This was overcome by esterifying them with fatty acids; the resultant
stanol esters being freely soluble in fat spread.22 Short-term studies suggest that equivalent amounts of
phytosterol/stanol esters are similarly effective in lowering LDL-C.22
Recently the interest in unesterified phytosterols has been revived, with several studies demonstrating efficacy
of microcrystalline and lecithin solubilised forms23-25 and efficacy in low fat foods.26
Enriched foods
Level of evidence

Evidence

I		
A daily intake of approximately 2 g of phytosterol/stanol enriched margarine
reduces LDL-C levels by approximately 10%, but has little effect on HDL-C
or triglycerides.
II		
A daily intake of approximately 2.5 g of phytosterols enriched breakfast cereal, 		
reduced fat yoghurt, reduced fat milk or bread reduces LDL-C levels by approximately
5 to 15%.
I

Consuming phytosterol/stanol enriched foods at levels higher than 2–3 g per day
provides no additional benefits to lowering LDL-C.

In recent times, the esterification of sterols and stanols has allowed for their incorporation into dietary fats, in
particular table spreads, margarine and mayonnaise.
A systematic review of 14 randomised controlled trials (RCT)6 concluded that 2 g per day of phytosterol/
stanols enriched margarine reduced serum concentrations of LDL-C by an average of 0.54mmol/l in people
aged 50–59 (14%), 0.43mmol/l in people aged 40–49 (9%), and 0.33mmol/l in people aged 30–39 (11%). The
dose–response relationship between phytosterol/stanol enriched foods and LDL-C is continuous up to a dose
of about 2 g per day. At higher doses no further reduction in LDL-C is apparent.
One of the included trials by Maki and colleagues27 investigated the effects of phytosterol enriched
margarines in subjects with hypercholesterolemia in the context of a diet low in total and saturated fat. In
this study, intakes of 1.1 g and 2.2 g/day of phytosterols were associated with LDL-C falls of 7.6% and 8.1%
respectively. The systematic review found little change in serum HDL-C or triglyceride.
A randomised, double-blind crossover study of children with familial hypercholesterolaemia found a daily
intake of 1.6 g phytosterol (PS) enriched spread significantly decreased plasma LDL-C by 10.2% during the PS
intervention.28
In addition to studies with margarine, efficacy has also been demonstrated for phytosterols in a variety of low
fat foods, such as breakfast cereal, yoghurt, milk and bread as discussed below.
Clifton and colleagues29 measured the relative effects of phytosterol enriched (2.6 g/day phytosterol esters)
foods. Subjects with moderately elevated plasma total cholesterol were randomly allocated to treatment
or control. The study concluded that serum total and LDL-C were significantly lowered when added to: milk
(8.7% and 15.9%), and yoghurt (5.6% and 8.6%). Bread and breakfast cereal reduced serum LDL-C levels
by approximately 6.5% and 5.4% respectively. In other studies, people with hypercholesterolaemia who
consumed phytosterol enriched milk (2 g/day) showed a significant decrease in total cholesterol of 9.62%
and LDL-C by 12.2% after 15 days.30 Similarly, in a controlled trial in which 2.4 g sterol esters were incorporated
within low fat cereal, bread and margarine, the average reduction in LDL-C was 13.6%.31
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When bread, breakfast cereal and margarine were enriched with a higher level of phytosterols (6.6 g/day
phytosterols esters) and consumed every day for 12 weeks, results showed a decrease in carotenoids and an
increase in plasma phytosterol with no additional LDL-C lowering.32 Carotenoid levels were partially restored
to baseline when five pieces of fruit and vegetables (including one carotenoid-rich) were consumed each
day. When a phytosterol enriched milk (2 g/day) was combined with a phytosterol enriched margarine (2 g/
day), no additional cholesterol-lowering benefits were observed above consuming the phytosterol enriched
milk alone.33
A phytosterol enriched reduced calorie orange juice (1 g/240 mL) consumed twice a day with meals was
found to be effective in reducing total plasma cholesterol (7.2%) and plasma LDL-C (12.4%), and could be
incorporated into the dietary portion of therapeutic lifestyle changes.34 In contrast, Jones and colleagues35
found no effect on plasma lipid levels when phytosterols (1.8 g/day) were incorporated into a non-fat or lowfat beverage.
At present there are no published studies on the efficacy of phytosterols taken as a direct supplement,
although such products are available outside Australia.
Consumption frequency and occasion
Level of evidence
I		
		

Evidence
Daily consumption frequency does not influence the cholesterol- lowering efficacy
of phytosterol/stanols.

Studies have shown that daily consumption frequency does not influence the cholesterol-lowering efficacy
of phytosterol/stanols.2 It was found that consumption of 2.5 g phytostanol esters at one meal resulted in a
similar LDL-C reduction as compared with consumption of the same amount of phytostanol divided over
three meals.36 Other studies have confirmed that no relation is evident between the consumption frequency
of phytosterol/stanol esters and the reduction in LDL-C.6,37
A 3.0 g phytosterol enriched yoghurt drink substantially decreased LDL-C when taken with a meal compared
with being consumed without a meal.38

4. Interaction with statin treatment
Level of evidence
II		
			

Evidence
Phytosterol/stanol enriched foods have an additive effect in lowering 			
LDL-C when combined with statins.

Simons39 evaluated the effect of 4 g of phytosterol enriched margarine given with or without 400 ug
cerivastatin and concluded that phytosterols have an additive effect to statin therapy in lowering LDL-C,
with a further 8% reduction that is equivalent to doubling the dose of a statin. Several randomised controlled
trials have demonstrated that phytosterol/stanol esters are an effective adjunct to cholesterol-lowering
statins, reducing LDL-C from 7% to 15.6%.39–44 In a study of postmenopausal women with CHD, the effect of
simvastatin was additive to the effect of phytostanol enriched margarine.9
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5. Safety
Level of evidence

Evidence

II		
			

There are no reported adverse effects from daily consumption of phytosterol/stanol
enriched foods, although long-term safety information is not available.

II		
			
			

When consuming phytosterol/stanol enriched foods, blood carotenoids are reduced.
An additional serving of high-carotenoid fruit and vegetables is effective in 		
maintaining blood carotenoid concentrations.

II		
			

Individuals with the rare inherited metabolic disease homozygous sitosterolaemia
have high blood phytosterol levels and premature atherosclerosis.

On the basis of the limited number of studies undertaken to date, there is nothing to suggest that the
consumption of either phytosterol or sterol esters is unsafe. This conclusion is based on studies in which
the stanol/sterol has been consumed for up to 12 months. Studies of longer-term consumption have not
been performed in significant numbers of people. Although plasma sitosterol concentrations have been
associated with increased coronary events,45 this report does not relate to the effect of randomised dietary
interventions.
Phytosterols are poorly absorbed by the majority of the population.46,47 About 4 to 10% of dietary sitosterol,
stigmasterol and campesterol and less than 1% of sitostanol is absorbed from the intestine.46 Most of the
ingested phytosterols pass through the gut and are excreted46 or re-secreted after absorption. Phytosterols
that re absorbed and not re-secreted from the gut are rapidly and efficiently excreted through the bile.47
Some patients with abnormal ABCG5/8 transporter function have diminished excretion of phytosterols. This
can result in high plasma levels of phytosterols in response to dietary exposure.48 The long-term effects of these
levels are not known.
Studies indicate the toxicity of phytosterols is very low. In animal studies, intakes as high as 4.1 g of phytosterols
per kilogram of body weight per day were observed to have no adverse effect.49 The effects of phytosterols
on reproductive parameters have now been investigated in depth. Contradicting earlier findings, studies
using highly purified phytosterols have indicated no oestrogenic activity.50 No effect on reproductive
performance of high doses of phytosterols was observed in a two- generation study in rats.51
Hendriks and colleagues52 reported no significant effects of 3 g/day of phytosterols on levels of alkaline
phosphatase, alanine transaminase, aspartate transaminase or gamma-glutamate transaminase. Similar
results have been observed in other studies.24,32 Coagulation and fibrinolytic factors appear unaffected.
Plat and Mensink53 reported no significant effects of 2.8 g/day of stanols on fibrinogen levels, factor VII
activity, plasminogen activator inhibitor type-1 activity and tissue plasminogen activator levels. Ayesh et al.54
reported no adverse effects of phytosterols on gastrointestinal parameters, including faecal short chain fatty
acids, faecal microflora or faecal bacterial enzyme activity. Sterol-ester consumption also does not result in
increased concentration of faecal bile acids or sterol metabolites.55
Red blood cells incorporate phytosterols into their membrane. A study to assess the effect on statin-treated
patients by de Jong56 concluded that phytosterol/stanol ester consumption did not change the osmotic
fragility of erythrocytes.
Effect on lowering carotenoids and other nutrients
The consumption of phytostanol esters (2.6 g/day) has been reported to lower serum alpha-tocopherol.57
Most of the tocopherols are carried in LDL-C, which is reduced by phytostanol esters. It is important to note
that the ratio of alpha-tocopherol to cholesterol was not changed. A lower ratio implies a deficiency of
tocopherol beyond the lowering expected for reduction of LDL-C concentration.
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Several studies indicate serum levels of some carotenoids, notably beta-carotene, are reduced by the
ingestion of phytosterol/stanols.27,52,53,58–60 This is important because prospective61 and several cross-sectional
studies have shown an inverse association between dietary or plasma carotenoids and type 2 diabetes or
related metabolic indices. In contrast, a recent study has found no prospective association between baseline
plasma carotenoids and the risk of type 2 diabetes in middle-aged and older women.62
Very recently it was shown that, when consuming phytosterol (2.3 g/day) or stanol (2.5 g/day) enriched
spreads, a moderate increase of dietary carotenoids (an additional daily serving of high-carotenoid
vegetables or fruits) is effective in maintaining blood carotenoid concentrations.60 In a study extending
for one year,63 consumption of 1.6 g phytosterol enriched spread did not result in a lower lipid adjusted
carotenoid concentration. However, carotenoid concentrations changed over time. Phytosterol intake
reduced lipid adjusted alpha- and beta-carotene concentrations by only 15 to 25% after one year, relative to
control whereas lipid- adjusted fat-soluble vitamin concentrations remained unchanged. In the same study,
further extensive safety examination of the long-term effects of phytosterol consumption showed no effects
on red blood cell deformability, hormone levels in males (free and total testosterone) and females (luteinizing
hormone, follicle stimulating hormone, beta-estradiol and progesterone), or all clinical chemical and
haematological parameters measured. There was also no difference in adverse events reported between
subjects consuming control spread and subjects consuming phytosterol enriched spread. In conclusion,
consumption of 1.6 g phytosterol esters for one year was associated with a significant 6% fall in LDL-C without
apparent adverse effects. A study to compare the effects of phytosterol esters and plant-free sterols on betacarotene and alpha-tocopherol found that phytosterol esters reduced the bioavailability more than did plant
free sterols.64
Sitosterolaemia
A very small proportion of the population (approximately one in 6 million) suffer from a rare inherited
metabolic disease called homozygous sitosterolaemia, which results in xanthomatosis and premature
atherosclerosis. These people have high serum levels of sitosterol and other phytosterols due to a high rate of
intestinal absorption and reduced biliary removal of phytosterols by the liver.65 Restricted intake of phytosterols
is recommended for these individuals. Heterozygotes for phytosterolaemia appear to respond normally to
ingested phytosterols.66 Patients with sitosterolaemia have been observed to develop premature and severe
coronary artery atherothrombotic disease.65,67 However, as discussed, studies of large populations have shown
no association between plasma phytosterol levels and CVD.

NHMRC levels of evidence for clinical interventions

68

Level of evidence		

Study design

I			
Evidence obtained from a systematic review of all relevant randomised 		
				controlled trials.
II			
Evidence obtained from at least one properly designed randomised 		
				controlled trial.
III-1			
				

Evidence obtained from well-designed pseudo-randomised controlled trials
(alternate allocation or some other method).

III-2			
				
				

Evidence obtained from comparative studies with concurrent controls and
allocation not randomised, cohort studies, case-control studies, or interrupted
time series with a control group.

III-3			
Evidence obtained from comparative studies with historical control, two or
				
more single-arm studies, or interrupted time series without a parallel control
				group.
IV			
9

Evidence obtained from case series, either post-test or pre-test and post-test.
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