
Objective: To carry out a systematic review on the effects of 

phytosterol supplementation on the treatment of dyslipidemia 

in children and adolescents. 

Data sources:  Review in the SciELO, Li lacs,  Bireme, 

PubMed and Web of Science databases, with no time limit. 

Descriptors: phytosterols or plant sterols and dyslipidemias, 

hypercholesterolemia, cholesterol, children, adolescent, in 

English and Portuguese. The articles included were published 

in Portuguese, English or Spanish and evaluated the effect 

of phytosterol supplementation in pediatric patients with 

dyslipidemia. Documents that involved adults or animals, review 

papers, case studies and abstracts were excluded. Two authors 

performed independent extraction of articles. Of 113 abstracts, 

19 were read in full and 12 were used in this manuscript. 

Data synthesis: Phytosterol supplementation to reduce 

cholesterol levels has been shown to be effective in reducing 

LDL-cholesterol levels by approximately 10%, with reductions 

above 10% in LDL-cholesterol levels observed after 8 to 12 weeks 

of intervention. Studies have not shown significant changes in 

HDL-cholesterol and triglyceride levels. Based on the absence of 

adverse effects, its use seems to be safe and of good tolerance 

in children and adolescents. 

Conclusions: Phytosterol supplementation seems to be of great 

therapeutic aid for the treatment of hypercholesterolemia in 

children and adolescents. Further studies assessing the long-term 

effect of phytosterol supplementation are necessary.

Keywords: Phytosterols; Dietary supplements; Dyslipidemias; 

Hypercholesterolemia; Child.

Objetivo: Realizar uma revisão sistemática sobre os efeitos da 

suplementação de fitoesteróis no tratamento da dislipidemia 

em crianças e adolescentes. 

Fontes de dados: Revisão nos bancos SciELO, Lilacs, Bireme, 

Pubmed e Web of Science, sem limite de tempo. Descritores: 

phytosterols or plant sterols, dyslipidemias, hypercholesterolemia, 

cholesterol, children, adolescent, nas línguas inglesa e portuguesa. 

Os artigos incluídos foram publicados nos idiomas português, 

inglês ou espanhol e avaliaram o efeito da suplementação de 

fitoesteróis em pacientes pediátricos com dislipidemia. Estudos que 

envolviam adultos ou animais, trabalhos de revisão, estudos de caso 

e resumos foram excluídos. A extração independente de artigos 

foi realizada por dois autores. Do total de 113 resumos, 19 foram 

lidos na íntegra, e 12 utilizados neste manuscrito. 

Síntese de dados: A suplementação de fitoesteróis para a 

redução dos níveis de colesterol mostrou-se eficiente, de forma 

a promover a redução de aproximadamente 10% dos níveis de 

LDL-colesterol, sendo observadas reduções acima de 10% em 8 a 

12 semanas de intervenção. Os estudos não mostraram alterações 

significantes nos níveis de HDL-colesterol e triglicérides. Com base 

na ausência de efeitos adversos, seu uso parece ser seguro e de 

boa tolerância em crianças e adolescentes.

Conclusões: A suplementação com fitoesteróis parece ser de grande 

auxílio terapêutico para o tratamento da hipercolesterolemia em 

crianças e adolescentes. São necessários mais estudos que avaliem 

o efeito em longo prazo da suplementação de fitoesteróis. 

Palavras-chave: Fitoesteróis; Suplementos nutricionais; 

Dislipidemia; Hipercolesterolemia; Criança.
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INTRODUCTION
Dyslipidemia in children and adolescents represents a 
determinant risk factor for atherosclerosis and can con-
tribute with coronary disease in adulthood.1 It has been 
established that fat cells are present in the aorta of indi-
viduals at the age of 10, and in coronary arteries at the 
age of 20, and that the progression of fatty streaks occurs 
after the age of 15.2

Dyslipidemia is a metabolic disorder characterized by 
abnormal concentrations of lipids and/or lipoproteins in 
the blood.2 It is defined by the elevation in total choles-
terol (TC) levels or low-density lipoproteins (LDL) and/
or triglycerides (TG), and/or the reduction of high-density 
lipoproteins (HDL).3 Besides, it is known that the elevation 
of LDL-cholesterol levels is a risk factor established for car-
diovascular disease.1

Lipid disorders may have primary (of genetic origin) or 
secondary (resulting from inappropriate lifestyle, some mor-
bid conditions or medication) causes.4 Therefore, dyslipid-
emia in children is multifactorial, and may be associated 
with environmental and behavioral factors and with obesity, 
except in cases of genetic etiology, such as familial hypercho-
lesterolemia (FH).1 

The prevalence of dyslipidemia in the juvenile age group 
in Brazil ranges from 24 to 40%.2 The estimation is that, in 
the world, there are over 10 million individuals with FH; 
however, less than 10% have a known diagnosis of FH, and 
less than 25% receive lipid lowering treatment.5

The I Guideline for preventing atherosclerosis in child-
hood and adolescence recommends the pharmacologi-
cal lipid lowering treatment for children aged more than 
10 years, and proposes changes in dietary pattern and in 
the lifestyle of children older than two years of age, which 
include a diet with reduced levels of saturated fat and cho-
lesterol, and practice of physical activity.6 Adequate dietary 
changes and an active lifestyle help to reduce the cardio-
vascular risk factors and should be encouraged, but in case 
there are no responses to such interventions, and in case it 
is not possible to recommend pharmacological treatment, 
the use of phytosterols can be considered.3 

Plant sterols and stanols are also known as phytosterols, 
which are bioactive components whose structure is simi-
lar to that of cholesterol; sterols are the unsaturated forms 
(sitosterol and campesterol), and stanols are the saturated 
derivatives (sitostanol and campestanol).4 Their main role 
is to reduce LDL-cholesterol by inhibiting the intestinal 
absorption of cholesterol.7 They are naturally found in fruit, 
vegetables, vegetable oils, nuts and seeds.8 The intake of 
phytosterols through natural sources ranges from 200 to 

400 mg per day in frequent diets.9 These items can also be 
added to foods such as margarine, juice, yogurt and cere-
als. Besides the use in enriched foods, it is also possible to 
supplement them.2 

The inverse correlation between the frequent intake of phy-
tosterols in the diet and serum levels of cholesterol or LDL-
cholesterol4 has been proven, and their supplementation is 
recommended by several guidelines.3,4,10,11 However, their use 
is usually addressed to children with primary dyslipidemia; 
there is no agreement as to the dose and safety of this prac-
tice for all patients with dyslipidemia. Therefore, this review 
proposes the investigation of the effects of supplementation 
of phytosterols in the treatment of dyslipidemia in children 
and adolescents. 

METHOD
This review was carried out based on the recommendations 
in the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses12, in the following databases: SciELO, Lilacs, 
Bireme, PubMed and Web of Science. The descriptors used 
were phytosterols or plant sterols, dyslipidemias, hypercholes-
terolemia, cholesterol, children, adolescent, in English and in 
Portuguese. The bibliographic research was based on the ques-
tion: “What are the effects of phytosterol supplementation on 
the treatment of dyslipidemia in pediatric patients?”, which 
was based on the Population, Intervention, Comparison, 
Outcome model.13

Inclusion criteria were clinical trials in English, Spanish 
and Portuguese, which assessed the effect of phytosterol 
supplementation in pediatric patients with dyslipidemia. 
We also considered the studies referred to by selected arti-
cles which met the inclusion criteria. Documents that did 
not concern the purpose of this study, involving adults 
or animals, case reviews, case studies, abstracts and anal-
yses that did not include samples with dyslipidemia were 
excluded. There was no limitation as to the year of publi-
cation of the articles.

The identification of the articles was first carried out 
through the analysis of the title to exclude repeated arti-
cles, or the ones that did not contemplate the predefined 
criteria. Afterwards, the remaining abstracts were evaluated 
regarding their adaptation to the inclusion and exclusion 
criteria. Studies presenting the predetermined criteria were 
fully acquired for a detailed analysis and data extraction. 
The selected articles were read by two evaluators who decided, 
independently, about their inclusion based on the eligibility 
criteria. Any divergence about the selection of articles was 
decided  consensually. 
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The selected studies had the following characteristics: 
• Characteristics of the study participants (including age, 

type of dyslipidemia and method of diagnosis), and 
inclusion and exclusion criteria of the study. 

• Type of intervention (including type of phytosterol, 
dose, duration, administration and food vehicle). 

• Main results (including serum cholesterol reduction 
and lipid fractions, time of follow-up and unwanted 
effects of the treatment).

Then, a synthesis and a critical analysis were carried out 
considering the studies. 

To verify the validity of the clinical trials, the following 
were determined: sample size, loss extension in the follow-up 
of participants in the studies and blinded patients, health pro-
fessionals, data collectors and evaluators of results.

RESULTS
Initially, 311 studies were identified in the electronic data-
bases. After refinement by title, 113 abstracts were selected for 
analysis. The potentially relevant studies were fully acquired 
for a detailed analysis of the eligibility criteria. Additionally, 
seven studies identified in other reference lists of the selected 
articles, and related to the theme, were included. Finally, the 
descriptive synthesis was composed of 12 references, whose 
periods of publication were between 1993 and 2017.14-25 
Figure 1 presents the flow diagram of the stages of data search 
and selection. 

All of the selected studies are randomized15,17-20,25 and non-ran-
domized14,16,21-24 clinical trials published in English. Ten of them 
were carried out in Europe,14-20,22-24 one in Japan21, and one in 
Brazil.25 All randomized studies had an initial double-blind 
period. The loss in participants’ follow-up was described as: 
non-adherence to the diet,22,24,25 personal reasons not related 
to the study,17,22,25 changes in pubertal stage,24 palatability of 
the product or nausea,23 difficulty with product intake.20,22  
Table 1 exposes a brief description of all references according 
to the following items: author(s), year of publication, design, 
methods and conclusion.

In total, 370 children aged between 2 and 19 years were 
included, and the sample size variation of the studies was 
from 9 to 59 participants. As to the type of dyslipidemia, 
nine studies included children/adolescents with FH,14-22 and 
six with dyslipidemia without genetic cause or with no deter-
mined etiology.18,21-25 No study included or reported the inclu-
sion of children/adolescents on lipid lowering medication. 
Three studies included patients using medication for asthma 
or allergy17,19,20 and one using medication for attention deficit 

hyperactivity disorder.20 A clinical trial excluded children/ado-
lescents diagnosed with phytosterolemia,14 and five excluded 
patients with chronic conditions.18,22-25 Two studies asked the 
students to exclude the intake of products containing plant 
stanols or sterols before the beginning of the analysis in order 
to prevent bias.18,25 

In two clinical trials,17,19 part of the participants used fish 
oil (cod-liver oil or omega 3 polyunsaturated fatty acids) and 
vitamin supplement containing retinol, tocopherol and vitamin 
D (none contained carotenoids). Despite being instructed to 
consume the same dose of the medication/supplement during 
the entire study, there may be bias in the outcome of the anal-
ysis of serum levels of fat-soluble vitamins and antioxidants. 

During the study period, the children and adolescents’ diet 
contained low levels of saturated fat and cholesterol, estab-
lished by the respective authors.14-20,22-25 Only in the study 
by Matsuyama et al.21, participants did not undergo dietary 
restrictions; however, they were advised to maintain their eat-
ing habits during the study. 

The intervention in the studies regarding the type of phy-
tosterol, dose, duration and food vehicles used is represented 
in Table 2. In all of the selected clinical trials, the evaluated 
primary outcome was the reduction in the serum concentra-
tion of LDL-cholesterol.

The studies did not show significant changes in levels of 
HDL-cholesterol and TG, except for the results found in a sin-
gle clinical trial,14 which observed a 12% reduction (p<0.05) 
in levels of HDL-cholesterol, and significant increase p<0.05) 
of TG after three to seven months of supplementation, but 
remained in the normality range.

 Only two studies included the analysis of the effect of phy-
tosterol supplementation after the intake period. The study 
by Matsuyama et al.21 verified a significant increase of TC and 
LDL-cholesterol levels after four months (p<0.05). On the 
other hand, Amundsen et al.19 observed that the efficiency in 
the reduction of cholesterol was maintained in the six follow-
ing months.

After the intervention, some of the clinical trials observed 
reduction in the plasmatic concentration of hydrocarbon 
carotenoids (β-carotene,14,16,17,19 α-carotene14,19 and lyco-
pene17), α-tocopherol16,23 and retinol.23 Other studies iden-
tified increase in α-tocopherol19 and retinol.17,19 The other 
studies did not verify changes in levels of β-carotene,23 y-to-
copherol23 and retinol.16

Only two studies20,22 identified side effects in phytosterol 
supplementation, and the most recurrent complaint, in both 
studies, was abdominal discomfort in six children, compared to 
eight in the placebo group and one in the intervention group, 
respectively. The other studies did not report side effects. 
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Figura 1 – Flow diagram showing the stages of identification, selection, eligibility and inclusion of references.
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Table 1 Selected articles, according to author(s), year, design, methods and conclusion.

Author(s), 
year

Design
Methods

Conclusion
Type of dyslipidemia Patients

Becker et al., 
199314 Clinical trial FH

n=9
(9–14 years 

old)

Sitostanol supplementation, even in doses 
inferior to sitosterol, was significantly 

more effective in the reduction of LDL-c, 
and its use can be indicated for the 

treatment of FH in children.

Gylling et al., 
199515

Double-blind 
randomized  
clinical trial

FH
n=15

(2–15 years 
old)

In a balanced diet, the use of 
sitostanol-ester margarine seems 

to be effective and safe for the 
treatment of hypercholesterolemia in 

children with FH.

Vuorio et al., 
200016 Clinical trial FH

n=24
(3–13 years 

old)

The use of stanol-ester margarine has 
proven to be effective and safe for lipid 

lowering treatment in children.

Amundsen 
et al., 200217

Double-blind 
randomized 

crossover  
clinical trial

FH
n=38

(7–12 years 
old)

In a balanced diet, sterol 
supplementation induces the reduction 

of LDL-c, without adverse effects, in 
children with FH.

Ketomãki 
et al., 200318

Double-blind 
randomized 

crossover  
clinical trial

FH (n=17)
Hypercholesterolemia**

(n=6)

n=23
(2–9 years 

old)

Stanol and sterol esters reduce the 
concentrations of cholesterol in the plasma.

Amundsen 
et al., 200419

Double-blind 
randomized 

controlled crossover 
clinical trial

FH
n=37

(7–13 years 
old)

Sterol supplementation such as spread 
is efficient to reduce cholesterol in 

children with FH in a controlled diet, and 
such a reduction is maintained for six 

posterior months.  

Jakulj et al., 
200620

Double-blind 
randomized 

placebo-controlled 
clinical trial

FH
n=41

(7–12 years 
old)

The intake of stanols can be a beneficial 
and safe strategy, well accepted for 

the reduction of LDL-c levels in children 
with FH. 

Matsuyama 
et al., 200721 Clinical trial 

Hyperlipidemia Type IIa 
(n=7)

Hyperlipidemia* (n=8)
FH (n=7)

n=22
(6–17 years 

old)

Phytosterols are able to reduce 
cholesterol in children with 

hyperlipidemia.

Guardamagna 
et al., 201122 Clinical trial 

Heterozigous FH (n=29)
Combined FH (n=11)

Hypercholesterolemia* 
(n=12)

n=52
(8–16 years 

old)

The daily consumption of sterol 
produces favorable changes in lipid 

profile, reducing LDL-c.

Garaiova et al., 
201323 Clinical trial Hyperlipidemia*

n=25
(11–17 

years old)

The combined emulsion of sterol plants, 
fish oil and vitamin B can modulate the 
lipid profile in children and adolescents 

with hypercholesterolemia. 

Garoufi et al., 
201424 Clinical trial Hypercholesterolemia*

n=59
(4.5–15.9 
years old)

Sterol supplementation can be 
beneficial for the treatment of 

hypercholesterolemia in children; not 
only regarding LDL-c levels, but also 

more atherogenic particles.

Ribas et al., 
201725

Double-blind 
randomized  
clinical trial

Hypercholesterolemia **
n=25

(6–19 years 
old)

Plant sterol supplementation is 
effective and safe for the treatment of 

dyslipidemia in children. 

FH: familial hypercholesterolemia; LDL-c: low density lipoprotein-cholesterol; TG: triglycerides; CRP: C-reactive protein; *undetermined etiology; 
**etiology without genetic cause. 
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Table 2 Randomized clinical trials evaluating the effects of phytosterol supplementation on cholesterolemia.

Author(s), 
year

Type of 
phytosterol

Dose  
(g/day)

Duration 
(in weeks)

Vehicle ↓LDL-c (%)

p-value 
(versus 
control 
group)

↓TC (%)

p-value 
(versus 
control 
group)

Becker et al., 
199314

Sterols

Stanols

6

1.5

12

12 and 28
Tablets

19.5

33.2 and 
29.2

<0.01

17.1

25.7 and 
23.5

<0.01

Gylling et al., 
199515 Stanols 3 6 Margarine 15 <0,.01 10.6 <0.01

Vuorio et al., 
200016 Stanols 2.24 12 Margarine 17.9 <0.001 13.6 <0.001

Amundsen 
et al., 200217 Sterols 1.6 8 Spread* 10.2 <0.01 7.4 <0.01

Ketomãki 
et al., 200318

Sterols
Stanols

2 5 Spread*
9

12
<0.001

6
9

<0.01

Amundsen 
et al., 200419 Sterols 1.2 8 Spread* 11.4 <0.001 9.1 <0.001

Jakulj et al., 
200620 Stanols 2 4

Skimmed 
yogurt

9.2 <0.001 7.5 <0.001

Matsuyama 
et al., 200721 Sterols 0.4 16 Bread

All: 6.3
FH: 11.2

<0.05
All: 2.2
FH: 6

All: NS
FH: <0.05

Guardamagna 
et al., 201122 Sterols 1.6 to 2 12

Skimed 
yogurt

FH: 12.4
UDH: 16

<0.05
FH: 10.2
UDH: 13

<0.05

Garaiova 
et al., 201323 Sterols 1.3 16 Emulsion 8.4 <0.05 7.7 <0.05

Garoufi et al., 
201424 Sterols 2 48

Skimmed 
yogurt

13 <0.001 9.4 <0.001

Ribas et al., 
201725 Sterols 1.2 8

Skimmed 
milk

10.2 <0.01 5.9 NS

LDL-c: low density lipoprotein-cholesterol; TC: total cholesterol; FH: familial hypercholesterolemia; NS: not significant; UDH: undetermined 
hypercholesterolemia; *pasta.

DISCUSSION
Phytosterol supplementation for the reduction of cholesterol 
levels, according to the clinical trials mentioned in this study, 
has shown to be efficient, in order to promote the reduction 
of approximately 10% of LDL-cholesterol levels. Most of the 
clinical trials considered presented a sample of patients with 
FH.14-22 However, among those that included children and 
adolescents with hypercholesterolemia of undetermined etiol-
ogy or without genetic causes also obtained beneficial results 
about cholesterolemia.18,21-25

The subjacent mechanism to this hypocholesterolemic effect 
is the reduced absorption of cholesterol of the intestinal lumen 
in the circulation due to a competition between plant stanols/
sterols and intestinal cholesterol by the incorporation in mixed 
micelles. Phytosterols are more hydrophobic than cholesterol, 

so, they group better inside the micelle.26 Therefore, they pre-
vent the incorporation of cholesterol in the micelles, reducing 
its bioavailability and the flow of cholesterol of the intestinal 
lumen to the circulation, and increasing cholesterol synthe-
tized by the liver.27 The free cholesterol that is not incorporated 
inside the micelles is eliminated in the feces, resulting in the 
reduced absorption of cholesterol in the enterocytes. The effect 
of reduced absorption and increased synthesis of cholesterol is 
a reduction in serum concentrations of LDL.28 Even though 
there are many studies about phytosterols, its hypocholester-
olemic action has not been completely clarified.29 

The average dose of administered phytosterols was of about 
2.1 g/day (variation of 0.4 to 0.6 g/day) in children aged between 
2 and 19 years. However, the Brazilian Society of Cardiology sug-
gests that the use of phytosterols should be part of the changes 
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in lifestyle, and is indicated for children aged more than 5 years 
with FH, as approved for use in Brazil.4 Therefore, the I Brazilian 
Guideline of Familial Hypercholesterolemia recommends the 
intake of 1.2 to 1.5 g per day in children with heterozygous 
FH.3 The European Society of Cardiology and the European 
Atherosclerosis Society,10 as well as the Expert Panel on Integrated 
Guidelines for Cardiovascular Health and Risk Reduction in 
Children and Adolescents,11 suggest, as a support measure, the 
consumption of 2 g of sterols / stanols per day in children with 
FH. On the other hand, the consensus of the Brazilian Association 
of Nutrology proposes that obese children and adolescents with 
dyslipidemia receive 1.6 g of phytosterol every day.2 Besides, the 
assumption is that all children and adolescents with dyslipidemia 
without indication for pharmacological treatment would benefit 
from the use of phytosterol supplementation to reduce levels of 
TC and LDL, as observed in this study. 

The selected clinical trials used the administration of plant 
sterols or stanols, or both, for intervention. The main phytosterols 
used were sitosterol and sitostanol. About the different subclasses 
of phytosterols, the studies that compared the efficacy of plant 
stanols and plant sterols verified that even though both have led 
to reduction in LDL-cholesterol, a lower dose of plant stanol 
seems to be able to reduce LDL more effectively.14,18 However, a 
meta-analysis carried out by Talati et al.30 did not observe sig-
nificant differences between the effects of plant sterols and sta-
nols on LDL-cholesterol, suggesting that their effects are similar.

The administration of plant sterols/stanols occurred during 
meals, especially breakfast, lunch and dinner. The studies that used 
margarine and spread as food matrix or supplementation vehicle 
oriented its consumption with bread,16,18 in a sandwich,15,17 in 
porridge18 or with a hot meal.17 It is important that phytosterols 
be consumed with meals, since esterified phytosterols are hydro-
lyzed by the cholesterol reductase enzyme in the small intestine 
in the postprandial period. So, when free, they are available to 
prevent the incorporation of cholesterol in the micelles.7

The vehicles used for supplementation were: tablets, margarine, 
yogurt, milk, bread, spread, emulsions. Even though all of them 
significantly reduce LDL-cholesterol, the most significant reduc-
tion seems to have occurred with the intake of tablets, whereas 
bread and emulsions represented inferior reduction. According to 
a study by Clifton et al.,31 which compared the individual effi-
cacy of foods enriched with plant sterols, there was a higher 
reduction of LDL-cholesterol with skimmed milk, followed by 
skimmed yogurt; and a lower reduction with bread and cereal, 
considering the hypothesis that phytosterols may be attached to 
the core of lipid droplets, thus not being available until the fat 
is digested. However, the reduction of LDL-cholesterol is also 
observed in margarine enriched with stanol esters,15,16 perhaps 
more than the observed in studies using skimmed milk25 and 

yogurt.20,22,24 Therefore, it is possible that foods enriched with 
low-fat content phytosterols be equally effective in comparison 
to those with high fat content. Besides this comparison, there 
is also the one regarding solid versus liquid meals.32 The results 
obtained in a meta-analysis suggest that high doses of phytos-
terols in solid foods may have a more effective decreasing effect 
on LDL-cholesterol than those in liquid meals. However, the 
discussion about whether or not the type of food (food matrix) 
impacts its efficiency is still ongoing.32

It is also possible that the efficacy of phytosterols may decrease 
with time of supplementation, as observed in the selected clinical 
trials in which supplementation was superior than 12 weeks.14,21,23,24 
The studies that ranged from 8 to 12 weeks presented similar 
results in the reduction of LDL-cholesterol, and this reduction 
was higher than 10%, depending on the dose of the supplemen-
tation.14,16,17,19,22,25 The only study whose period of intervention 
lasted for four weeks presented LDL-cholesterol reduction, which, 
despite being significant, was lower than 10%.20

Regarding the beneficial effect of phytosterol supplemen-
tation on cholesterolemia, a potential negative effect is phytos-
terolemia, also known as sitosterolemia, a rare inherited auto-
somal recessive disorder which is related to mutation in the 
genes of the cotransporters of phytosterols/cholesterol, ABCG5 
and ABCG8. These mutations promote an increase 50 times 
higher in the circulating concentration of plant sterols, and are 
associated with early onset atherosclerosis.33,34 It is important 
to point out that phytosterol supplementation is contraindi-
cated for the rare patients that present with phytosterolemia,4 
even though the consumption of foods enriched with phytos-
terols is associated, in these cases, with a lower increase (about 
twice as low) in circulating plant sterols.35 

Another possible side effect is related to the absorption of 
fat-soluble vitamins and antioxidants. Phytosterols can inter-
fere with the absorption of fat-soluble vitamins8 for reducing 
the levels of LDL-cholesterol, since it is also a carrier of these 
vitamins. Therefore, if the levels are reduced, transportation will 
also be reduced.7 The serum levels of vitamins A, D and K1, in 
general, are not affected by the consumption of phytosterols.35 
However, some of the selected clinical trials suggest that phy-
tosterols may lead to a reduction in the plasmatic concentration 
of hydrocarbon carotenoids (β-carotene,14,16,17,19 α-carotene14,19 
and lycopene17), α-tocopherol16,23 and retinol.23 Other studies 
did not show such reductions.16,17,19,23 Despite the concern that 
fat-soluble vitamins can be reduced by phytosterols, this reduc-
tion seems to remain within normality ranges, with no negative 
implications on health.36 Therefore, to prevent any reduction 
in the serum levels of carotenoids during the intake of phytos-
terols, the increasing daily consumption of fruits and vegetables 
rich in carotenoids should be considered.7,19,37
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