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Abstract

Background
Dyslipidemia is a major risk for cardiovascular diseases. The aim of this study is to review the effects
of nutraceuticals to modify lipid disorders in children.

Materials and Methods

The literature research was conducted in EMBASE, Medline, PubMed, Scopus, ISI Web of Science,
and Cochrane library from 2002 until January 2015. The following keywords were used:
dyslipidemia, hyperlipidemia, hypercholesterolemia, dietary intervention, nutraceutical, functional
food, herbal treatment, non-chemical treatment, children, adolescents, clinical trial.

Results

13 eligible articles were entered in this study. Consumption of nutraceuticals had significant negative
effect sizes (weighted mean differences) for triglycerides (-0.97, 95% CI. -1.49, -0.46), total
cholesterol (-0.96, 95%CIl: -1.67, -0.26), and low density lipoprotein -cholesterol (-0.54, 95%CIl: -
0.95, -0.13), it had positive effect size for changes of high density lipoprotein-cholesterol (0.43,
95%Cl: 0.04, 0.82).

Conclusion
Findings of this metaanalysis suggest that consumption of nutraceuticals might have beneficial effects
on improving dyslipidemia in the pediatric age group.
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1- INTRODUCTION

Nowadays, non-communicable diseases
(NCDs), notably atherosclerotic
cardiovascular diseases are considered as a
major health problem, and are the main
reasons of mortality at global level (1-4).
Although they become symptomatic in
adulthood, it is well documented, that their
risk factors track from childhood to
adulthood (3, 5-7). A growing body of
evidence underscores the necessity of
primary prevention of atherosclerotic
diseases (3, 7-10).

The rapid changes in life-style habits and
environmental factors, and in turn the
escalating trend of childhood obesity have
resulted in increasing prevalence of
cardiometabolic risk factors including
dyslipidemia in the pediatric age group (6,
11). Dyslipidemia in terms of high serum
total cholesterol, low-density lipoprotein-
cholesterol (LDL-C) and triglycerides
(TG) concentrations, and low high-density
lipoprotein-cholesterol (HDL-C)
concentrations has several adverse health
effects (12-14). Therefore, its prevention
and early control is important. In addition
to life-style change, diverse types of
medications are used in this regard. Statins
and fibrates are the most frequent
medications used for treatment of
dyslipidemia , but their side effects limit
their use in the pediatric age group
(3,4,11). Thus attentions have been
attracted to non-pharmacological
approaches like  consumption of
nutraceuticals, functional foods,
supplements and other dietary
modification.

Functional foods are enriched or enhanced
foods with particular ingredients supplying
health profits for consumer when it is used
regularly. When they are used as an aid for
prevention and or treatment of diseases,
they are considered as nutraceutical. In
addition, dietary supplements containing
an extracted form of a nutraceutical like
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vitamins, minerals etc in a non-food matrix
(typically in a tablet or capsule dosage
form), might be used to boost the dosage
intake in comparison with the dose
obtained from normal food. Some studies
support  the efficacy of dietary
interventions in improving lipid profiles
(16-18).

This review focuses on the effectiveness of
natural fibers, phytosterols, stanols, and
rice red yeast as a natural rich in statins,
and herbal medications containing
polyphenols on improving lipid disorders
in children and adolescents. This study
aimed to evaluate the effects of
nutraceuticals in improving lipid disorders
in children and adolescents by a systematic
review and meta-analysis.

2- MATERIALS AND METHODS
2-1. Search strategy

We attempted to explore the papers
describing clinical trials in which dietary
interventions were employed in children
and adolescents with  dyslipidemia.
Literature search was done in following
databases: EMBASE, Medline, PubMed,
Scopus, ISI Web of Science, and Cochrane
library on papers published from 2002 to
Jan 2015, our major concentration was on
latest papers. The medical subject
headings, keywords or their combinations
were used: "dyslipidemia",
"hyperlipidemia", "hypercholesterolemia",
"dietary intervention", "nutraceutical",
"functional food", "herbal treatment",
"non-chemical treatment", "children",
"adolescents", and "clinical trial". Further
studies were observed by a manual
research through references of relevant
manuscripts, relevant reviews, and
consultation with experts in this field.
Paper language selection was restricted to
English. Dyslipidemia was considered as
the pediatric definition, i.e. TG or TC or
LDL-C more than the age-and gender
specific 90™ percentile or HDL-C less than
the 10" percentile (15).
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2-2. Study design

Two independent reviewers determined the
appropriateness of studies according to the
pre-arranged criteria and  subsequent
extracted characteristics including related
data of participants (number, age, type of
disorder), study features (type, duration,
applied intervention), measured parameters
(TC, LDL-C, HDL-C, TG,) and outcomes.
Differences in judgments were solved by
discussion and consensus.

2-3. Studies selection

After screening the papers, titles and
abstracts, relevant papers were selected.
Then, their full texts were read and the
findings  were re-screened. Two
independent reviewers screened the titles
and abstracts of selected papers for their
potential relevance or assessed the full text
for inclusion in the review. In the case of
disagreement, the discrepancy was
resolved by consultation with a third
investigator. The full texts of searched
documents were extracted. After reviewing
and studying the titles, author(s), journal
name and publication year, the repeated
items were excluded. In order to avoid the
cross publication bias, investigators
reviewed the findings to find and to omit
duplicates. Then, researchers carefully
studied the texts of articles, and the
relevant articles were selected and the
irrelevant ones were excluded.

2-4. Data collection
2-4-1. Study inclusion eligibility

= Children and adolescents aged less
than 20 years with dyslipidemic
condition  (15)  without any
underlying metabolic disease;

= Studies with clinical trial design,
conducted either as randomized
controlled or open labeled;

= Intervention type involving non-
synthesized drugs including bulk
herb drugs, herbal formulations,
nutraceuticals, supplements etc.;
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= Laboratory measurement of lipid
profile including TC, TG, LDL-C,
and HDL-C;
= Study duration of at least four
weeks (11, 15).
Studies without above mentioned criteria
were not included in the systematic
review.

2-4-2. Statistical analysis

We pooled data with random effects meta-
analysis, weighted mean differences and
95% confidence intervals (Cls) are
reported. We extracted the means and
standard deviations (SDs) for the baseline
and post-treatment for both groups when
available. To assess the heterogeneity and
inconsistency in results of individual
studies, we used Cochran’s Q test results
and the I? statistic (low heterogeneity:
25.0%, moderate heterogeneity: 50.0%,
high heterogeneity: 75.0%) (19). The
sensitivity  analysis was done by
successively removing a particular study
or group of studies (if any), which had the
highest impact on the heterogeneity test.
Publication bias was examined through
visual inspection of funnel plot asymmetry
and the Egger’s regression-based method
(20). To adjust for results from possible
publication bias and/or selective reporting,
we used the standard methods of trim-and-
fill analysis (21). We analyzed the data
with ~ Comprehensive  Meta-Analysis
software (CMA) version 2.

3- RESULTS
3-1. Study selection

According to search practice depicted in
(Figure.1), 603 likely relevant articles
were found out of which 583 items did not
fulfill the inclusion eligibility criteria and
removed. In remained 20 articles, 7 other
papers were excluded (4- item because of
cross-sectional interventions and 3 for
treatment duration less than 4- week).
Finally, 13 eligible articles were entered in
the systematic review and meta-analysis.
As explained before, 13 studies fulfilled
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the inclusion criteria and were selected
(Table.1). Among them, one study had no
control group (Guardamagna et al, 2011),
but others were randomized controlled
trials. Three of 13 articles were open
labeled studies (Asgary et al., 2013,
Guardamagna et al., 2011, Amundsen et
al., 2004). According to the interventions,
the selected studies were categorized into
three following groups:

e Nutreceuticals;

e Bulk herb drugs and herbal
formulations;
e Plant derived sterols, stanols,

and/or omega 3 fatty acids.

Consumption of neutraceuticals had
significant negative effect sizes (weighted
mean differences) on TG (-0.97, 95% CI: -
1.49, -0.46), TC (-0.96, 95%Cl: -1.67, -

0.26), and LDL-C (-0.54, 95%CI: -0.95, -
0.13), as well as positive effect size on
HDL-C changes (0.43, 95%CI: 0.04, 0.82)
compared to the control groups.

The between-study heterogeneity was
significant for all studies: TG (1% = 91.54%
P=0.002). TC (I> = 94.86% P=0.001),
LDL-C (I1?> = 87.53% P=0.001), HDL-C (I?
= 86.33% P=0.001).

Funnel plots and Egger tests suggested no
significant asymmetry in the meta-analyses
of TG, TC, and LDL-C (TG Egget test: P=
0.065, TC Egger test: P=0.65, LDL-C
Egger test: P=0.79, with proposed
significant asymmetry for HDL-C (Egger
test: P=0.007). Under the random-effect
model, the trim-and-fill adjusted overall
mean changes was -0.64 (95% CI = -0.77,
-0.51) for HDL-C.

Search by
identifying
abstracts (593)

Added records by
researchers (10)

Ineligible studies

Reasons:

1. Non -related topics according to
abstracts

2. Dissatisfaction of inclusion

(583)

Possible eligible
papers regarding

criteria

Review articles
Determination of irrelevant
lipid parameters

W

Excluded:

their full texts (21)

Eligible studies entered to the
meta-analysis categorized in
three groups (13

1. Cross-sectional studies
2. Intervention duration less than 4

weeks

1) Nutraceuticals (2) 2) Herbs and
herbal

medications (5)

3) Plant sterols, stanols
and omega 3 fatty
acids (6)

Fig.1: PRISMA flow diagram of search results
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Table 1: Summary of trials included in the systematic review and meta-analysis

First author’s name | Sample | Age range Trial type Duration Outcome
size (n) (year) (wk)
Nutraceutical
1. Guardamagna 36 6-15 Double-blind, randomized, 24 Reduction of LDL-C
et al(22) placebo-controlled, cross-over and TC
trial
2. Martino et al(3) 120 5-12 Double blind randomized 8 Reduction of LDL-C
placebo controlled trial and TC
Herbs and herbal medications
40 8-16 Double-blind, randomized, 8 Improvement of lipid
1.Guardamagna placebo-controlled,cross-over profile
et al(23) trial
2. Sabzghabaee 72 12-18 Triple-blind randomized placebo- 4 Reduction of LDL-C,
etal(!1) controlled clinical trial TCand TG
3. Asgary et al(12) 40 9-16 Randomized controlled clinical 6 Reduction of LDL-C,
trial TCand TG
4. Sabzghabaee 70 12-18 Triple-blind randomized placebo- 4 Reduction of LDL-C,
et al(15) controlled clinical trial TCand TG
32 8-18 Placebo-controlled, blinded, 4 Improvement of lipid
5.Wong et al(24) randomized clinical trial profile , reduction of
LDL-C
Plant: sterols, stanols
1.Guardamagna 32 8-16 Open labeled clinical trial 12 Reduction of LDL-C
et al(25)
Randomized double-blind Reduction of TC and
2.Jakulj et al(26) 42 7-12 placebo-controlled cross-over 4 LDL-C
trial
3.De jongh et al(27) 42 5-12 Randomized double-blind 4 Reduction of TC and
placebo-controlled crossover trial LDL-C
4.Garaiova et al(28) Increasing
(large and buoyant, less
25 8-21 Randomized, double-blind, atherogenic particles of
placebo-controlled, cross-over 6 wks LDL-C and HDL-C)
study , compared with the
placebo phase and
(small and dense, more
atherogenic particles)
decreased
5.Amundsen et al Randomized, double-blind 8 Reduction in LDL-C
(29) 38 7-12 crossover study
Sustained efficacy of
37 7-13 26 cholesterol reduction
6.Amundsen et al Open-label follow-up of children and long-term
(30) who were previously studied in a compliance of PSE
controlled cross-over study intake were
demonstrated in this
study

TC: Total cholesterol, LDL-C: Low-density lipoprotein-cholesterol (LDL-C), HDL-C: High-density lipoprotein-

cholesterol, TG: Triglycerides.

5- DISCUSSION

The main objective of this systematic
review and meta-analysis is to investigate
the efficacy of nutraceuticals for
improving lipid disorders in children and
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adolescents. In eligible included studies
the interventions were including fibers,
herbal medications rich in anthocyanosides
and polyphenols, phytosterols, and stanols.
To the best of our knowledge, no previous
meta-analysis had evaluated the effects of
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all  above-mentioned compounds on
dyslipidemia in the pediatric age group.

Overall, the trials included in the current
review showed significant beneficial
effects in reducing serum concentrations of
TC, LDL-C, and TG, as well as elevating
HDL-C. However, the results of various
studies were inconsistent, attributed to the
wide variation in the type of
nutraceuticals, study duration and other
differences in study designs.

A narrative review that included
randomized and non-randomized clinical
trials showed that consumption of 0.5
g/day of glucamnnan is effective in
reducing TC and LDL-C (18). It is
inconsistent with the study which included
in our study. In addition, this narrative
review reported that dietary fiber intake
had no effect on HDL-C concentration
(18). A meta-analysis showed
glucomannan could significantly reduce
serum TC and TG concentrations (31).

Glucomannan is a small heteroglycan of p-
(1—4)-linked D-mannose and D-glucose
branched with B-(1—6)-glucosyl linkages.
It is found in the cell walls of the corns of
Amorphophallus konjac (Devil's tongue),
the roots of certain orchids, the wood of
conifers and in smaller amounts in the
wood of dicotyledons (32).
Galactoglucomannan is a similar structure
with o-(1—6)-linked galactose units in
side branches which its main source is
guar gum (33). There are other sources of
water-soluble fibers from oat bran,
psyllium, or locust bean gum, which are
also used in the treatment of
hypercholesterolemia in children and
adolescents (34). Water -soluble fibers like
glucomannan are hydrated in water and
increase gastrointestinal transitional rate
which in turn decrease absorption of
sugars and lipids from the gut (35).
Glucomannans reduce also reabsorption of
bile acids and steroids by binding with
them or increasing their excretion (36). It
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reduces both the amount of exogenous
cholesterol absorbed from food and the
reabsorption of the bile acids. The body
produces about 800 mg of cholesterol per
day and about half of that is used for bile
acid synthesis producing 400-600 mg
daily to replace bile acids lost normally in
the feces (37). The body secretes about
10 gr of bile acids into the intestine each
day, which means that bile acids are
recycled several times each day by
reabsorption  from  small intestine.
Decreasing the amount of reabsorbed bile
acids, increase endogenous cholesterol
uptake from circulation for bile acid
synthesis to maintain a steady bile flow,
and the overall effect is a reduction in
circulating cholesterol by excreting excess
cholesterol as bile acids (37). As another
possible mechanism, a delay in sugar
absorption by glucomannan leads to
increased  insulin  sensitivity  which
increases lipogenesis in liver and reduces
lipolysis from peripheral tissues and
adipocytes as a source of endogenous
cholesterol and TG (38).

Several studies have confirmed these
effects of such small  molecule
heteroglycan fibers on lipid profile (39-
41). In the pediatric age group, the
recommended doses begin from 5-10
g/day for children older than 2 years and
reaching gradually to adult doses during
adolescence (42-43). However,
heteroglycan fibers may have adverse
effects if taken without enough water. Due
to their thickening properties and
hydration by throat, esophagus or intestine
fluids, they might make lockage in gastric
ways (38).

Medicinal plants use has been worldwide
spread from hundreds years ago. Some
ingredients like flavonoids, anthocyanides,
polyphenols, and antioxidant ingredients in
herbal originated drugs may responsible of
their hypolipidemic effects specially, in
early stages of dyslipidemia and prevent
the need of chemical drugs (43, 44). The
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high incidence of side effects in
synthesized hypolipidemic drugs limits
their applications (45, 46).

Although some of included articles with
herbal medicine interventions showed
prominent hypolipidemic effects, but some
studies showed no significant effects on
lipid profiles in children, for instance the
effects of garlic were not observed on their
lipid levels (47).

Digestion and transport of lipids because
of their insolubility in water, is dependent
to detergent properties of bile acis. They
emulsify ~ fatty  acylglycerols  and
cholesterol as globules into small micelles.
Phytosterols with low enteric absorption
competed with cholesterol to incorporated
in the micelles in a way that majority of
cholesterol is not emulsified and excreted
via feces (48). Phytosterols including p-
sitosterol, campesterol, and stigmasterol
with cholesterol related structure occurred
mostly in vegetable oils like soybean,
corn, and rapeseed or from tall oil in pine
trees, nuts, wheat, rye and whole grain
foods. Phytosterols could be saturated into
stanols which have 10 times less enteric
absorption than phytosterols. A review
article revealed the LDL-C lowering effect
of phytosterols in adults (49). In our study,
the number of studies that evaluated the
sterol effects in children, were more than
stanol effects. The lowering effects of
plant sterols were shown in all types of
hypercholestrolemia including familial
hypercholestrolemia (FH), familial
combined hypercholesterolemia (FCH)
and undefined hypercholestrolemia (UH)
(28). Plant stanols effects were evaluated
in one study which showed lowering of
LDL-C. One of 13 articles included in our
study had evaluated the effects of red rice
in hyperlipidemic children (23). Red yeast
rice is another natural cholesterol lowering
supplement  with  monacolin  type
diterepens, which are similar to statins.
They inhibit HMG-CoA reductase enzyme
and reduce cholesterol synthesis in liver.
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An review article, showed that red yeast
may reduce TC, LDL-C and TG in humans
and animals (50)

5- CONCLUSION

In summary, this study showed the
effectivness of nutraceuticals used for
improving lipid profiles and their
applications in dyslipidemic children until
they reach the adolescence that aggressive
lipid lowering strategies should be started.
It seems that a mixed therapy consisting of
two or more types of mentioned
compounds are more effective than one
alone. For instance, co-administration of
red yeast rice with stanols could reduce
both indigenous and exogenous cholesterol
in the serum. In addition, nutraceutical-
enriched foods with low fat like foods rich
in water-soluble fibers that contain low
cholesterol and saturated fats might be also
recommended to increase the cholesterol
and LDL-C lowering effects in the
pediatric age group. Further longitudinal
studies are necessary to assess the clinical
impact of these findings.

6- CONFLICT OF INTEREST: None.
7- ACKNOWLEDGMENTS:

Our study was not founded by any
Organizations.

8- REFERENCES

1. Guardamagna O, Abello F, Baracco V,
Federici G, Bertucci P, Mozzi A, et al. Primary
hyperlipidemias in children: effect of plant
sterol supplementation on plasma lipids and
markers of cholesterol  synthesis and

absorption. Acta diabetologica
2011;48(2):127-33.
2. Garaiova |, Muchova J, Nagyova Z,

Mislanova C, Oravec S, Dukat A, et al. Effect
of a plant sterol, fish oil and B vitamin
combination on cardiovascular risk factors in
hypercholesterolemic children and
adolescents: a pilot study. Nutrition journal
2013,12:7.

1575


https://en.wikipedia.org/wiki/Feces
https://en.wikipedia.org/wiki/%CE%92-sitosterol
https://en.wikipedia.org/wiki/%CE%92-sitosterol
https://en.wikipedia.org/wiki/Campesterol
https://en.wikipedia.org/wiki/Vegetable_oil

Nutraceuticals in Hyperlipidemic Children

3. Martino F, Puddu PE, Pannarale G,
Colantoni C, Martino E, Niglio T, et al. Low
dose chromium-polynicotinate or policosanol
is effective in hypercholesterolemic children
only in combination with glucomannan.
Atherosclerosis 2013; 228(1):198-202.

4. O'Gorman CS, O'Neill MB, Conwell
LS. Considering statins for cholesterol-
reduction in children if lifestyle and diet
changes do not improve their health: a review
of the risks and benefits. Vascular health and
risk management 2011;7:1-14.

5. Gidding SS, Dennison BA, Birch LL,
Daniels SR, Gillman MW, Lichtenstein AH, et
al. Dietary recommendations for children and
adolescents: a guide for practitioners:
consensus statement from the American Heart
Association. Circulation 2005; 112(13):2061-
75.

6. Haney EM, Huffman LH, Bougatsos
C, Freeman M, Steiner RD, Nelson HD.
Screening and treatment for lipid disorders in
children and adolescents: systematic evidence
review for the US Preventive Services Task
Force. Pediatrics 2007;120(1):e189-214.

7. Martino F, Emilio Puddu P, Pannarale
G, Barilla F. Dietary fibers and nutraceuticals
for primary cardiovascular prevention in
children and adolescents: a critical review.
Food and Nutrition Sciences 2013;4:39-47.

8. Kavey RE, Daniels SR, Lauer RM,
Atkins DL, Hayman LL, Taubert K, et al.
American Heart Association guidelines for
primary  prevention of  atherosclerotic
cardiovascular disease beginning in childhood.
Circulation 2003; 25,107(11):1562-66.

9. Berenson GS, Srinivasan SR, Bao W,
Newman WP, 3rd, Tracy RE, Wattigney WA.
Association between multiple cardiovascular
risk factors and atherosclerosis in children and
young adults. The Bogalusa Heart Study. The
New England journal of medicine 1998;
338(23):1650-56.

10. Escalante Y, Saavedra JM, Garcia-
Hermoso A, Dominguez AM. Improvement of
the lipid profile with exercise in obese
children: A systematic review. Preventive
Medicine., 2012 5/1/,54(5):293-301.

Int J Pediatr, Vol.4, N.3, Serial No.27, Mar 2016

11. Sabzghabaee AM, Ataei E, Kelishadi
R, Ghannadi A, Soltani R, Badri S, et al.
Effect of Hibiscus sabdariffa Calices on
Dyslipidemia in Obese Adolescents: A Triple-
masked Randomized Controlled Trial. Mater
Sociomed., 2013,25(2):76-9.

12. Asgary S, Kelishadi R, Rafieian-
Kopaei M, Najafi S, Najafi M, Sahebkar A.
Investigation of the Lipid-Modifying and
Antiinflammatory Effects of Cornus mas L.
Supplementation on Dyslipidemic Children
and Adolescents. Pediatric cardiology., 2013
Apr 27.

13. Angelico F, Baratta F, del Ben M.
Current Ways of Treating Dyslipidemias to
Prevent Atherosclerosis. Therapeutic
Apheresis and Dialysis., 2013,17(2):125-9.

14. Karapetrovic M,  Aclimovi¢ Z.
Dyslipidemia:  Causes, Diagnosis, and

Treatment: Nova Science  Publishers,
Incorporated, 2012.
15. Sabzghabaee AM, Khayam |,

Kelishadi R, Ghannadi A, Soltani R, Badri S,
et al. Effect of Zizyphus jujuba fruits on
dyslipidemia in obese adolescents: a triple-
masked randomized controlled clinical trial.
Medicinski arhiv., 2013,67(3):156-9.

16. Pignatelli P, Basili S. Nutraceuticals in
the early infancy. Cardiovascular therapeutics.,
2010 ,28(4):236-45.

17. Sirtori CR, Galli C, Anderson JW,
Arnoldi  A. Nutritional and nutraceutical
approaches to dyslipidemia and atherosclerosis
prevention: Focus on dietary proteins.
Atherosclerosis., 2009 Mar,203(1):8-17.

18. Cagliero P, Calosso G, Brunatt P,
Guardamagna 0. Nutraceuticals in
hypercholesterolemic  children. Health.,
2013,5(7):1117-23.

19. Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat Med
2002, 21: 1539-1558.

20. Egger M, Davey Smith G, Schneider M,
Minder C. Bias in meta-analysis detected by a
simple, graphical test. Br Med J 1997, 315:
629-634.

21. Duval S, Tweedie R. Trim-and-fill: A
simple funnel-plot-based method of testing and

1576



Klishadi et al.

adjusting for publication bias in meta-analysis.
Biometrics2000;56: 455-63.

22. Guardamagna O, Abello F, Cagliero P,
Visioli F. Could dyslipidemic children benefit
from glucomannan intake? Nutrition 2013;
1060-65.

23. Guardamagna O, Abello F, Baracco V,
Stasiowska B, Martino F The treatment of
hypercholesterolemic children: efficacy and
safety of a combination of red yeast rice
extract and policosanols. Nutr Metab
Cardiovasc Dis 2011;21(6):424-29.

24. Wong H, Chahal N, Manlhiot C, Niedra E,
McCrindle BW. Flaxseed in pediatric
hyperlipidemia: a placebo-controlled, blinded,
randomized clinical trial of dietary flaxseed
supplementation for children and adolescents
with hypercholesterolemia. JAMA Pediatr
2013; 1,167(8):708-13.

25. Guardamagna O, Abello F, Baracco V,
Federici G, Bertucci P, Mozzi A, Mannucci L,
Gnasso A, Cortese C.Primary hyperlipidemias
in children: effect of plant sterol
supplementation on plasma lipids and markers
of cholesterol synthesis and absorption. Acta
Diabetol 2011;48(2):127-33.

26. Jakulj L, Vissers MN, Rodenburg J,
Wiegman A, Trip MD, Kastelein JJ. Plant
stanols do not restore endothelial function in
pre-puberal children with familial
hypercholesterolemia despite reduction of
LDLC levels. Journal of Pediatric2006; 148:
495-500.

27. De Jongh S, Vissers MN, Rol P, Bakker
HD, Kastelein JJ, Stroes ES. Plant sterols
lower LDL-C without improving endothelial
function in prepuberal children with familial
hypercholesterolemia. Journal of Inherit
Metabolic Disease 2003; 26:343-51.

28. Garaiova I, Muchova J, Nagyova Z,
Mislanova C, Oravec S, Dukat A, Wang Det
al. Effect of a plant sterol, fish oil and B
vitamin combination on cardiovascular risk
factors in hypercholesterolemic children and
adolescents: a pilot study. Nutr J 2013;12:7.

29. Amundsen AL, Ose L, Nenseter MS,
Ntanios FY. Plant sterol ester-enriched spread
lowers plasma total and LDL cholesterol in

Int J Pediatr, Vol.4, N.3, Serial No.27, Mar 2016

children with familial hypercholesterolemia.
Am J Clin Nutr 2002; 76(2):338-44.

30. L Amundsen, F Ntanios, N van der Put, L
Ose. Long-term compliance and changes in
plasma lipids, plant sterols and carotenoids in
children and parents with FH consuming plant
sterol ester-enriched spread. European Journal
of Clinical Nutrition 2004; 58: 1612—20.

31. Sood N, Baker WL, Coleman CI. Effect of
glucomannan on plasma lipid and glucose
concentrations, body weight, and blood
pressure: systematic review and meta-analysis.
Am J Clin Nutr 2008;88:1167—-75.

32. Kaname Katsuraya, Kohsaku Okuyamab,
Kenichi Hatanakab, Ryuichi Oshimab, Takaya
Satoc, and Kei Matsuzakic . Constitution of
konjac glucomannan: chemical analysis and
13C NMR  spectroscopy. Carbohydrate
Polymers 2003; 53 (2): 183-89.

33. Xu C, Willfor S, Holmbom B. Rheological
properties  of  mixtures of  spruce
galactoglucomannans and konjac glucomannan
or some other polysaccharides. BioResources
2008; 3(3): 713-30.

34. Kwiterovich PO. The role of fiber in the
treatment of hypercholesterolemia in children
and adolescents. Pediatrics 1995; 96(5), 1005-
9.

35. Vuksan V, Jenkins DJ, Spadafora P,
Sievenpiper JL, Owen R, Vidgen E, et al.
Konjac-mannan  (glucomannan)  improves
glycemia and other associated risk factors for
coronary heart disease in type 2 diabetes. A
randomized  controlled metabolic trial.
Diabetes Care 1999; 22(6): 913-19.

36. Gallaher DD, Gallaher CM, Mahrt GJ,
Carr TP, Hollingshead CH, Hesslink R Jr,et al.
A glucomannan and chitosan fiber supplement
decreases plasma cholesterol and increases
cholesterol excretion in overweight
normocholesterolemic humans. J Am Coll
Nutr 2002; 21(5): 428-33.

37. Hofmann AF. The continuing importance
of bile acids in liver and intestinal disease.
Arch Intern Med 1999; 159 (22): 2647-58.

38. Keithley JK, Swanson B. Glucomannan
and obesity: a critical review. Alternative
Therapies in Health and Medicine 2005; 11(6):
30-50.

1577


http://www.ncbi.nlm.nih.gov/pubmed/?term=Guardamagna%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23759268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abello%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23759268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cagliero%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23759268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Visioli%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23759268
http://www.ncbi.nlm.nih.gov/pubmed/20153154
http://www.ncbi.nlm.nih.gov/pubmed/20153154
http://www.ncbi.nlm.nih.gov/pubmed/20153154
http://www.ncbi.nlm.nih.gov/pubmed/20153154
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23733031
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chahal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23733031
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manlhiot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23733031
http://www.ncbi.nlm.nih.gov/pubmed/?term=Niedra%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23733031
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCrindle%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=23733031
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flaxseed+in+Pediatric+Hyperlipidemia
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guardamagna%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abello%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baracco%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Federici%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertucci%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mozzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mannucci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gnasso%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cortese%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21057823
http://www.ncbi.nlm.nih.gov/pubmed/?term=Primary+hyperlipidemias+in+children%3A+effect+of+plant+sterol+supplementation
http://www.ncbi.nlm.nih.gov/pubmed/?term=Primary+hyperlipidemias+in+children%3A+effect+of+plant+sterol+supplementation
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garaiova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muchov%C3%A1%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagyov%C3%A1%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mi%C5%A1%C4%BEanov%C3%A1%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oravec%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duk%C3%A1t%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23297818
http://www.ncbi.nlm.nih.gov/pubmed/23297818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amundsen%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=12145004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ose%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12145004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nenseter%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12145004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ntanios%20FY%5BAuthor%5D&cauthor=true&cauthor_uid=12145004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plant+sterol+ester%E2%80%93enriched+spread+lowers+plasma+total
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vuksan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jenkins%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spadafora%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sievenpiper%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Owen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vidgen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10372241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gallaher%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=12356785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gallaher%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=12356785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahrt%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=12356785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carr%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=12356785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hollingshead%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=12356785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hesslink%20R%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=12356785

Nutraceuticals in Hyperlipidemic Children

39. Gonzalez Canga A, Fernandez Martinez N,
Sahagun AM, Garcia Vieitez JJ, Diez Liébana
MJ, Calle Pardo AP.,et al. Glucomannan:
properties and therapeutic applications. Nutr
Hosp 2004,19:45-50.

40. Sood N, Baker WL, Coleman CI. Effect of
glucomannan on plasma lipid and glucose
concentrations, body weight, and blood
pressure: systematic review and meta-analysis.
Am J Clin Nutr 2008; 88:1167-75.

41. Brown L, Rosner B, Willett WW, Sacks
FM. Cholesterol-lowering effects of dietary
fiber: a meta-analysis. Am J Clin Nutr
1999;69:30-42.

42. Williams CL, Bollella M, Wynder ELA.
New recommendation for dietary fiber in
childhood. Pediatrics1995;96: 985-88.

43. Hasani-Ranjbar S, Nayebi N, Moradi L,
Mehri A, Larijani B, Abdollahi M. The
efficacy and safety of herbal medicines used in
the treatment of hyperlipidemia, a systematic
review. Curr Pharm Des 2010; 16(26): 2935-
47.

44. Singh PK, Baxi DB, Mukherjee R,
Ramachandran AV. Evaluation on the efficacy
of polyherbal supplement along with exercise
in alleviating dyslipidemia, oxidative stress
and hepatic and renal toxicity associated with
type-1 diabetes. Herbal Medicine and
Toxicology 2010; 4(2): 35-43.

Int J Pediatr, Vol.4, N.3, Serial No.27, Mar 2016

45. Kalra S, Gandhi A, Kalra B, Agrawal N.
Management of dyslipidemia in children.
Diabetol Metab Syndr 2009; 1(1): 26.

46. Descamps OS, Tenoutasse S, Stephenne X,
Gies |, Beauloye V, Lebrethon MC, et al.
Management of familial hypercholesterolemia
in children and young adults: Consensus paper
developed by a panel of lipidologists,
cardiologists, paediatricians,  nutritionists,
gastroenterologists, general practitioners and a
patient organization. Atherosclerosis 2011,
218(2): 272-80.

47, McCrindle BW, Helden E, Conner WT.
Garlic extract therapy in children with
hypercholesterolemia. Arch Pediatr Adolesc
Med 1998; 152(11):1089-94.

48. Mukhopadhyay S, Maitra U. Chemistry
and biology of bile acids. Current Science.,
2004, 87(12), 1666-1683.

49. Katan MB, Grundy SM, Jones P, Law M,
Miettinen T, Paoletti R, Efficacy and safety of
plant stanols and sterols in the management of
blood cholesterol levels .Mayo Clin proc
2003,78 (8): 965-78

50. Journoud M, Jones PJ. Red yeast rice: a
new hypolipidemic drug. Life Sciences 2004;
74(22): 2675-83.

1578



