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Abstract. Hypercholesterolemia is one of primary risk factors
of cardiovascular disease, together with metabolic syndrome,
hypertension and diabetes. Although progress has been made,
the search for novel methods of preventing and treating
dyslipidemia is ongoing and current therapies for cardiovas-
cular disease induce various side effects. f-glucans are linear
unbranched polysaccharides found in various natural sources,
such as mushrooms. Due to their structure they are able to
interact with innate immunity receptors, however they also
act as dietary fibers in the digestive tract. As there are two
forms of p-glucans, insoluble and soluble forms, they are
able to interact with lipids and biliary salts in the bowel and
consequently reduce cholesterol levels. Therefore, they may be
developed as a suitable therapeutic option to treat patients with
dyslipidemia, as they are natural molecules that do not induce
any significant side effects. The current review discusses the
evidence supporting the effects of 3-glucans on cholesterol
levels.
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Introduction

According to statistics published by the World Health
Organization, cardiovascular disease (CVD) is a leading
cause of mortality and morbidity worldwide (1). Between
1980 and 2014, the prevalence of obesity worldwide
doubled. Currently, nearly 40% of adults aged =18 years old,
(~2 billion people) are overweight and ~13% (~600 million)
are obese (2). Furthermore, 41 million children aged <5 years
old are overweight or obese (3). According to statistics
compiled by the Center for Disease Control and Prevention,
~610,000 people succumb to heart disease annually in the US
alone, representing 1 out of every 4 mortalities (4). Various
environmental and behavioral factors may increase the risk
of CVD, however, a prevailing body of evidence suggests
that contemporary lifestyles, comprising sedentary lifestyles,
low energy expenditure together with overnutrition and the
inadequate composition of nutrition are primary reasons
behind the increase in rates of obesity (5-8). Obese indi-
viduals exhibit excessive adipose tissue and dyslipidemia and
it has been suggested that these conditions may cause many
chronic diseases, including metabolic syndrome, hyperten-
sion, hypercholesterolemia and diabetes, all of which are
major risk factors for CVD (5-8). Excessive adiposity is
accompanied by the accumulation of activated macrophages,
which release proinflammatory cytokines, including tumor
necrosis factor a, interleukin-6 (IL-6) and IL-1 (9,10).
These pathological conditions increase endogenous forma-
tion of blood cholesterol and its subsequent deposition in
blood vessel walls (11,12). Identifying ways of reducing
elevated low density lipoprotein cholesterol (LDL-C) levels
is therefore a key public health challenge and introducing
novel dietary supplements may be an important method of
achieving this (13).

A number of studies aiming to develop novel methods
of regulating cholesterol levels are currently in progress. It
has been proposed that products of natural origin, including
glucomannans, plant sterols, berberine or red yeast rice, which
are known as nutraceuticals, can be used either alone (14)
or in combination with commonly used statins, such as
3-hydroxy-3-methylglutaryl coenzyme A inhibitors. Although
statins represent an important method of regulating choles-
terol levels, they may induce significant side effects on skeletal
muscle, including myalgia and rhabdomyolysis (15,16), as well
as on the homeostasis of bowel microbiota, including dysbiosis
with intestinal dysfunction (17,18).
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Prebiotics, such as dietary fiber, have been evaluated due
to their ability to modulate intestinal microbiota. They may
be able to improve the selection of protective bacteria such
as Lactobacillus and Enterococcus and therefore help to
prevent cancer (19-21). Studies have suggested that the risk of
colorectal cancer is increased by consumption of processed
and unprocessed meat, but is decreased suppressed by
consumption of fiber. Food composition may affect cancer risk
due to its effects on the metabolism of colon microbes. The gut
microbiota ferment complex dietary residues that are resistant
to digestion by enteric enzymes. This process provides energy
for the microbiota but culminates in the release of short-chain
fatty acids (22).

However, it has also been demonstrated that they help to
regulate hyperlipidemia (23,24). There are two types of dietary
fiber: Soluble fiber, including pectin, fructo-oligosaccharides
and oat B-glucan; and insoluble fiber, including cellulose
found in whole wheat bread and brown rice and certain types
of B-glucans, found in yeast and mushrooms. These fibers,
via their digestion or fermentation by intestinal microbiota
may affect cholesterol metabolism by acting on bile acids and
affecting lipid absorption (25,26). They may also influence
the local microbial environment through bacterial selection
by butyrate production. Therefore, they may affect the colonic
mucosa as well as mucosal and systemic immunity, including
mucosal repair in chronic inflammation and the reduction of
proinflammatory cytokines (28-32).

Among different types of fiber, f-glucans have attracted
particular interest due to their well-documented activities
as modulators of immunity (33,34). The immunomodula-
tory activities involve anti-infectious immunity, anti-cancer
immunity and all aspects of cellular and humoral defense
reactions. In addition, B-glucans are nutraceuticals able to
decrease cholesterol levels (35,36). Therefore, 3-glucans may
be the best type of soluble fiber for dietary supplementation
and to improve general health. The aim of the current review
is to assess the most up-to-date information regarding various
aspects of dietary fibers and f-glucans in order to evaluate
their potential in regulating cholesterol levels.

2. p-glucans

Natural products that may prevent or treat various diseases have
been identified, including (-glucans. Chemically, $-glucans
are heterogeneous non-starch polysaccharides, which form the
structural compounds of the cell wall of certain microorgan-
isms, including yeast and algae, and certain protists, including
mushrooms and grains, such as oats and wheat. 3-glucans may
be insoluble or soluble. Insoluble B-glucans fibers consist of
B-(1,3/1,4)-D-linked glucose units, whereas soluble viscous
B-glucans fibers consist of -(1,3)/1,6)-D-linked glucose (37).
A schematic representation of the basic molecular structure of
[B-glucan is presented in Fig. 1.

It has been demonstrated that -glucans reduce levels of
a non-high-density lipoprotein-cholesterol (non-HDL-C)
fraction that contains LDL-C without affecting HDL-C or
triglyceride levels (35,38-40). f-glucans have been used to
reduce blood cholesterol levels since the 1960s (41). $-glucans
are also used to enhance the efficiency of the immune
system (42.43).
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3. p-glucans and immunity

Research conducted over the previous 40 years has estab-
lished the biological effects of B-glucan. Various studies have
indicated that f-glucans represent important substances to
be included, among other substances, within the biological
response modifiers, which are substances that can modulate
immune activity (44), as they exhibit strong immunomodula-
tory properties (45). These immunomodulatory properties
primarily depend on the source they have been extracted from;
studies conducted in animals and humans and confirmed that
the oral administration of yeast $-glucans had a greater effect
on the immune system than grain-derived f-glucans (45-48).
B-glucan is active in all species from earthworms to humans,
and is able to stimulate humoral and cellular immunity (45),
metabolically regulate diabetes (49), stimulate wound
healing (50), reduce psycho-physical stress (51), attenuate
chronic fatigue syndrome (52) and inhibit the development
of cancer (53,54). The effects of B-glucan on the immune
system are summarized in Fig. 2A. Clinical trials into the
effects of B-glucan on the immune system have now been
conducted (55,56) and it has been demonstrated that $-glucans
not only affect the immune system but may also reduce choles-
terol levels. Different types of p-glucans, not only B-glucans
found in oats, are able to reduce cholesterol levels.

Initially, studies investigating the effects of p-glucans
assessed insoluble P-glucans; studies evaluating
B-glucan-receptor interactions were conducted later. Among
the most important receptors that interact with B-glucans are
dectin-1, complement receptor type 3 [CR3; also known as
cluster of differentiation (CD)11b/CD18] and langerin. Dectin-1
is a type II transmembrane protein present in leukocytes, with
the highest levels of expression in neutrophils, macrophages
and dendritic cells (57). Langerin is composed of two main
parts: A carbohydrate-recognizing domain and a region
that can form trimmers and this receptor is most commonly
expressed in Langerhans cells (58). CR3 is a receptor that forms
part of the integrin 2 family. It is mostly found on neutro-
phils, macrophages and natural killer cells, but is also present
on bone marrow progenitor cells (59). The special configura-
tion assumed by the CR3 receptor following interaction with
complement iC3b on opsonized target cells mediates cytotoxic
activation (60). The importance of CR3 in f-glucan binding
and action was confirmed by the resistance of CR3-knockout
mice to [3-glucan (61). More detailed information regarding the
molecular interactions of 3-glucans with their receptors has
been documented in a recent comprehensive review (62).

Experimental studies investigating the signaling pathways
activated following f-glucan-cell interaction indicated that
nuclear factor NF-kB was activated via inhibitor of NF-xB
kinase f activity and following alteration of the phosphory-
lation and degradation of factor of k light polypeptide gene
enhancer in B-cells inhibitor a (IkBa) (63). -glucan may
alter the response to polymicrobial sepsis via modulation
of IKK3 kinase activity with subsequent decreases in the
phosphorylation of TkBa and activation of NF-«B. In addi-
tion, the involvement of tyrosine-protein kinase SYK (Syk)
was confirmed on the dectin-1 receptor. -glucan binding is
followed by the phosphorylation of dectin-1 by proto-oncogene
tyrosine-protein kinase Src. As a result, Syk is activated and
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Figure 1. Schematic representation of the basic molecular structure of glucan
molecule. N and N* represent the number of specific repetitions of each
structure.
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Figure 2. Simplified representation of the effects of f-glucan on immunity
and cholesterol balance. (A) B-glucans interact with receptors expressed on
the surface of innate immune cells and with iC3b/CR3 complement complex
of opsonized cells, resulting in immune stimulation that involves innate and
adaptive immunity. (B) It is hypothesized that, acting as fibers, 3-glucans can
form a gel on the mucosal surface of the bowel. This inhibits resorption of
the biliary salts, stimulating biliary salt neo-synthesis in the liver. Increased
biliary salts activate utilization of circulating cholesterol, thus reducing its
levels in the blood. NK, natural killer cells; CR3, complement receptor type.
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subsequently activates the CARD9-Bc110-Maltl complex (64).
It was demonstrated that Syk mediates the activation of
downstream signaling; incusing the extracellular-regulated
kinase 1/2 and p38a mitogen-activated protein kinase
(MAPK) cascade; activating mitogen and stress activated
protein kinases 1 and 2 and subsequently phosphorylating the
cAMP response element binding protein. The involvement of
the extracellular-regulated kinase 1/2 and p38a mitogen-acti-
vated protein kinase (MAPK) pathways was identified (65).
Furthermore, 3-glucan and its associated signaling pathways
have been evaluated previously (66). However, current under-
standing of the intracellular signaling that occurs following
[B-glucan binding remains incomplete. There may either be too
many competing receptors able to bind [3-glucan or different
types of B-glucans isolated from several different sources may
have been used in previous studies, complicating the results.

4. Cholesterol and bile acids as essential molecules

Cholesterol is a source of biologically active substances
important for the survival of organisms and serves a pivotal
role in the body; therefore, cholesterol should not be unilater-
ally condemned. Together with other phospholipid substances,
cholesterol forms the basic structural components of cell
membranes and participates in their biochemical activity. To
a lesser extent, cholesterol is also located in membranes of
intracellular organelles and in lipoproteins found in the blood
plasma, where 70% of cholesterol is esterified with fatty acids
to form cholesteryl esters. The brain tissue contains ~25% of
cholesterol in the body (67). Cholesterol is synthetized in the
liver and is essential for the formation of bile acids, steroid
hormones and vitamin D (68). It then becomes involved in
regulating energy metabolism and overall energy expenditure;
for example, it promotes adaptive thermogenesis following
exposure to cold via its conversion to bile acids and by shaping
the gut microbiome (69). Primary bile salts are produced in
the liver via the oxidization of cholesterol to produce cholic
acid and chenodeoxycholic acid. These products are then
conjugated with taurine and glycine to produce taurocholic
and glycocholic acids, and once they are in the bile, they are
utilized in lipid metabolism and energy expenditure, together
with pancreatic lipase (70).

Exogenous cholesterol enters the body with food of animal
origin. It binds to LDL and enters the cells via receptor endo-
cytosis, which involves the binding of LDL-C to cell surface
receptors, which are subsequently engulfed (71). The entero-
hepatic circulation of bile acids is physiologically significant.
Bile acids are efficiently reabsorbed from the intestine into the
liver and only 5-20% of these bile acids are lost in the feces. If
larger quantities of bile acids are lost, a corresponding amount
must be synthesized de novo in the liver (72) and as a source of
newly synthetized bile acids, it lowers blood cholesterol levels.
Therefore, it is important to bear in mind that all processes
leading to the increased fecal excretion of bile acids reduce
blood cholesterol levels. The enterohepatic circulation of bile
acids is decreased by means of free calcium ions, primarily
found in milk, which form insoluble compounds with intes-
tinal bile acids, known as ‘soap substances’. This leads to the
potential lowering of circulating cholesterol levels, resulting
in the neo-synthesis of bile acids in the liver (73). It has been
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proposed that dietary fibers of various origins, including
[-glucans, bind to enteral bile acids and thereby promote their
excretion into feces. However, their link to cholesterol is based
on a different principle (Fig. 2B).

5. Forms of cholesterol

Cholesterol is a molecule essential for all animal life; there-
fore every cell in the body is able to synthesize cholesterol
via a complex process starting with the mevalonate pathway
and ending with lanosterol conversion. Cholesterol is an
important substance that exhibits beneficial biological prop-
erties, including as a constituent of cellular membranes and
a base for steroid hormones and biliary salt synthesis. There
are more forms of cholesterol that exist in the organism but
the most important molecules regarding health are LDL-C
and HDL-C. Other types of lipoproteins present in the
blood include chylomicrons, very-low-density lipoproteins
(VLDL) and intermediate-density lipoproteins (IDL) (74).
The cholesterol found in different lipoproteins is identical,
although some exists in its native free alcohol form, whereas
others exist as fatty acyl esters. Lipoprotein particles are
organized by complex apolipoproteins, which are bound by
specific receptors expressed on cell membranes (75). It is
important to note that, whereas cholesterol and particularly
LDL are usually considered to be the most harmful molecules,
non-HDL-C has become a commonly used marker to iden-
tify a blood lipid pattern associated with an increased risk
of heart disease (76). Non-HDL-C is inversely correlated
with HDL-C in children and adults (77,78). Indeed, it has
been suggested that non-HDL-C may replace LDL-C as the
primary therapeutic target to treat patients with hypercholes-
terolemia (79). The National Cholesterol Education Program
currently recommends that reducing non-HDL-C levels in
patients with hypercholesterolemia should be a secondary
lipid-lowering target (80). Reducing non-HDL-C levels is
becoming an increasingly important target, as the incidence
of visceral obesity, diabetes mellitus and metabolic syndrome
continues to increase. HDL levels are inversely correlated
with atherosclerotic disease; therefore efforts are underway to
increase HDL-C and major apolipoprotein of HDL (apoAl)
levels. Potential new treatments, including inhibiting the p38
MAPK pathway or administrating apolipoprotein mimetics,
were found to be effective at lowering cholesterol in mice and
humans (81,82).

Cholesterol can only harm organisms when its concentra-
tions are elevated in the blood, particularly when levels of its
oxidized LDL form (ox-LDL) are elevated (83). This may cause
long-term chronic inflammation in the artery wall, resulting in
the increased storage of cholesterol. HDL, which transports
cholesterol to the liver, has the opposite effect and reduces
the atherogenic action of ox-LDL (84). In humans (85) and
some animals (86,87), atherosclerosis is a disease that evolves
following the induction of focal lesions, resulting in atheroma
plaque formation at the arterial level in different areas of the
body. It is an important cause of coronary vessel obstruction
and coronary artery disease, also known as ischemic heart
disease (88,89). Two reviews by Gistera and Hansson (90),
and by Jonsson and Backhed (91) discuss the complexity
of atheroma lesion development, including its sequence of
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events and underlying mechanisms of action, such as chronic
inflammation and macrophage activity fueled by increased
cholesterol levels, as well as the influence of the microbiome
on atherogenesis.

6. Hypocholesterolemic effects of dietary fibers

None of the cholesterol lowering drugs currently used are
free of side effects. By contrast, it is generally accepted that
different types of dietary fiber, including B-glucans, have
positive effects on health without inducing significant side
effects (92). The results of experimental studies in animals
and clinical trials in humans have demonstrated that dietary
fiber supplements not only improve general health but also
reduce the risk of various chronic diseases associated with
lifestyle, including CVD, cancer and type 2 diabetes (93),
which all have a large impact on public health and society in
general. Due to their variety, accurately defining the different
types of dietary fibers has been challenging. This is exempli-
fied by the 10-year process that was required to obtain an
international legal definition for dietary fiber (https://www.fsis.
usda.gov/wps/portal/fsis/topics/international-affairs/us-codex-
alimentarius/recent-delegation-reports/delegate-report-31st-ses-
sion-ccnfsdu/ct_index) by the Codex Alimentarius
Commission (94).

Previously, it was considered that soluble dietary fiber
lowered levels of lipids and cholesterol in the blood and that
insoluble dietary fiber only contributed to fecal bulking.
However, it has now been demonstrated that these effects
depend on the degree of viscosity and fermentation capability
of fiber (95). The definition of dietary fiber has therefore
been extended to include all types of carbohydrates and other
resistant substances, such as starches, with similar properties.
Soluble dietary fiber that resists enzymatic digestion in the
small intestine is not absorbed; it is partially or fully fermented
in the large intestine (38,96).

The hypocholesterolemic effects of dietary fiber are still not
fully understood. It has been attributed to the ability of soluble
dietary fiber to form viscous solutions that prolong gastric
emptying, inhibit the transport of triglycerides and cholesterol
across the intestine and reduce total LDL-lipoprotein concen-
trations (97). The consequences of the increased viscosity
of the luminal contents manifest via the amplification of the
thickness of the water layer and in the decrease of cholesterol
uptake from the intestinal lumen (98).

Dietary fiber is able to bind to bile acids, monoglycerides,
free fatty acids and cholesterol. Dietary fiber also decreases
absorption and increases the fecal excretion of these chemical
substances (99,100). The structure of insoluble dietary fiber
enables them to directly bind to bile acids and they may
lower blood cholesterol levels in this manner, whereas soluble
dietary fiber may increase the viscosity of the chyme, thus
reducing bile acid diffusion (101). Dietary fiber fractions
from mushrooms are also able to modulate cholesterol-related
gene expression (34). Furthermore, it has been suggested that
treatment with -glucans prevents the development of fatty
liver (102).

Dietary fiber influences the expression of genes that regulate
lipid and carbohydrate metabolism. It has been demonstrated
that resistant starch, fructans, inulin and -glucans affect the
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phosphorylation of AMP-activated protein kinase (AMPK),
which is a key enzyme involved in energy exchange (103,104).
Furthermore, it is well known that higher concentrations of
blood HDL protect against CVD. ApoAl activates AMPK in
the arterial endothelia and increases the phosphorylation and
activity of nitrogen oxide synthase (105).

Anaerobic gut bacteria in the cecum and large intestine
produce short chain fatty acids (SCFAs) as the end products
of the fermentation of non-digestible carbohydrates that
pass through the small intestine unaffected (106,107). These
gut-generated SCFAs exert multiple effects on energy metabo-
lism and on immunity (108-110). SCFAs influence the immune
system via G-protein-coupled free fatty acid receptors (FFAs)
2 and 3. FFA2 is expressed primarily in leukocytes and colonic
L-cells and also partially expressed in adipocytes, whereas
FFA3 is primarily expressed in adipocytes (111). f-glucans
may interact directly with immunocompetent cells, such
as mucosal macrophages and dendritic cells, which exhibit
pattern recognition receptors with carbohydrate-binding
domains, subsequently inducing a decrease in IL-12 and
increase in IL-10 production by modulation of toll-like receptor
signaling (110,112); this is consistent with an anti-inflammatory
phenotype. By contrast, the influence of dietary fiber on
metabolism and immunity may be indirect; for example, they
may act as a source of SCFAs (28,113). The uptake of choles-
terol together with fatty acids in the gut into the enterocytes
may be accomplished by passive transport and by means of
transporter proteins (114,115). Three key transcription factors,
known as sterol regulatory element binding proteins la, lc
and 2, determine the expression of genes that regulate the
synthesis of cholesterol and fatty acids (116,117). Dietary fiber
may downregulate the expression of genes for these transporter
proteins: Sterol regulatory element binding transcription factor
(SREBF)1, which regulates lipid metabolism and SREBF?2,
which regulates cholesterol synthesis (36,118,119). Therefore,
among the potential mechanisms involved in lowering LDL
levels in the blood by dietary fiber, the reduced adsorption
of biliary salts from the bowel by B-glucans, either by direct
glucan-biliary salt complexes or the formation of a viscous
layer inhibiting absorption, are supported by the majority of
studies (40,41,119). Indeed, the neosynthesis of biliary salts
by the liver induces the utilization of the hepatic free choles-
terol. Lowering cholesterol levels induces the upregulation
of 7-a-hydroxylase, 3-hydroxy-3-methylglutaryl coenzyme
A reductase and LDL-C receptors to restore the original
conditions (120). This may explain the lowering of LDL by
[(-glucans and other dietary fibers reported in various studies,
although some meta-analyses report that B-glucans affect HDL
and LDL cholesterol (35,118-121). At the same time, B-glucans
may downregulate the proinflammatory signals elicited by
altered levels of cholesterol.

7. Animal studies

To more effectively understand the mechanisms that underline
human CVD, suitable animal models are required. Although
there are currently no ideal animal models, the comparative
investigation of existing models may improve understanding
of the sequential onset of the pathological alterations; from the
initiation of the disease to the final stages of atherosclerotic
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plaque development. It has been demonstrated that increasing
dietary fiber intake of diabetic animals may reduce the
intestinal absorption of nutrients, such as glucose (97,122).
Kirby er al (123) indicated that serum cholesterol concentration
was reduced by 13% and plasma LDL-C levels were reduced
by 14%, whereas HDL-C concentrations remained unchanged
in hypercholesterolemic men on a diet supplemented with
oat bran. The hypocholesterolemic effects of 3-glucans have
been confirmed in broiler chicks, which were fed a diet
supplemented with barley (124). Furthermore, feeding diabetic
rats a high fiber diet supplemented with barley significantly
improved plasma glucose concentrations and decreased
cholesterol levels compared with rats fed low and very low
fiber diets consisting of rice and cornstarch, respectively (125).
Golden Syrian hamsters are a suitable animal model to study
the vascular changes that occur during atherogenesis (126).
These hamsters have a number of advantages: As in humans,
their primary cholesterol carrier in the plasma is LDL, their
lipoprotein metabolism is similar to that of humans 84 and
their LDL receptor gene is similar to the LDL gene in humans.
Lim et al (127) applied p-glucans from yeast-like fungus
Aureobasidium pullulans, known as polycan, to a hamster
experimental animal model of hyperlipemia induced by a
high-fat diet. The authors concluded that polycan decreased
the atherosclerotic effects, hyperlipemia and hepatic damage
induced by a high-fat diet. Previous studies on a hamster
model of hypercholesterolemia using B-glucans isolated from
oat and barley also identified that they induce beneficial hypo-
lipidemic and anti-atherosclerotic effects (128,129). Another
study found that B-glucan treatment reduced the inflammation
induced by a diet high in cholesterol (130). In a rat experi-
mental model, 3-glucans reduced total cholesterol, triglyceride
and malondialdehyde levels by 42% (131). Furthermore, using
hamsters as a model, Tong er al (132) found that dietary
B-glucans reduced the concentration of plasma LDL-C by
promoting the excretion of fecal lipids and regulating the
activities of 3'-hydroxy-3-methyl-glutaryl-coenzyme A
reductase and CEP7ALl. In a study by the current authors,
yeast-derived -glucan 300 markedly lowered total cholesterol
levels in mice with experimentally-induced hypercholesterol-
emia. Supplementation with three other p-glucans, Krestin,
ImmunoFiber and Now glucan, induced similar, albeit
decreased effects (133). To the best of our knowledge, this study
was the first to directly compare the effects of several different
B-glucans. As the most effective glucan was yeast-derived, it
supports the claim that such results following increased fiber
intake may be explained by a subsequent decrease in bile acid
absorption (134). To the best of our knowledge, no studies have
yet investigated the effects of 3-glucans on cholesterol levels in
apolipoprotein-E knockout mice (135,136).

8. Human studies

Long-term clinical studies investigating the effects of
soluble forms of (-glucans in men with hypercholesterol-
emia demonstrated that they decrease blood cholesterol
levels (137-139). In 1989, Newman et al (140) demonstrated
that certain barley cultivars, which are rich in water-soluble
fiber, have a hypocholesterolemic effect in men. Several
volunteer men were randomly assigned to add wheat
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or barley bran diet supplements to their normal diets for
28 days.

Those who consumed wheat supplements exhibited signifi-
cantly increased serum total cholesterol and LDL-C levels
compared with pretreatment. The cholesterol levels of subjects
that received barley supplements who had average cholesterol
levels pretreatment were not significantly altered; however,
triglyceride and LDL-C levels were reduced in subjects
that had increased cholesterol levels pretreatment. Studies
published over the past 20 years have demonstrated that
LDL-C levels are reduced following the supplementation of
diets with B-glucans in humans with increased blood concen-
trations of triglycerides and cholesterol (119,120,141-151);
however, it has not been confirmed that these effects are caused
by B-glucans (152-154). Ho et al (35) published a systematic
review and meta-analysis of 14 trials involving 615 healthy and
hypercholesterolemic participants, summarizing the evidence
that barley p-glucans decrease LDL-C but not HDL-C levels.
Diets supplemented with a median dose of 6.5 and 6.9 g/day
B-glucans decreased LDL-C and non-HDL-C levels by 7%
compared with control diets. Two previous meta-analyses have
confirmed the cholesterol-lowering effect of barley p-glucans.
One reported a reduction in LDL-C levels by 0.26 mmol.I"!
following a median 3-glucan dose of 7 g/day based on the results
of seven studies (155). A second meta-analysis, published in
2010, demonstrated that LDL-C was lowered by 0.27 mmol.I"
following a median -glucan dose of 5 g/day (156).

It is generally accepted that barley B-glucans reduce apoli-
poprotein B levels in patients with hypercholesterolemia (157).
However, further studies are required to investigate the effects
of B-glucans in patients with different metabolic phenotypes,
as well as on the content of 3-glucans in barley, which depends
on the genotype of the plant, and on the environmental condi-
tions and composition of the soil the plant grows in (158).
Treatment with an average dose osf 6.5 g/day barley [3-glucan
for =4 weeks may have beneficial effects in individuals with and
without elevated blood concentrations of cholesterol (35,159).
A further source of f-glucans suitable for lowering blood
cholesterol concentrations may include different species of
fungi. The underlying mechanisms of [3-glucans from mush-
rooms have not yet been explained. It has been repeatedly
confirmed that the consumption of fungi decreases blood
cholesterol levels in animals (160,161) and the increased
intake of fungi may reduce CVD risk. Clinical trials have also
confirmed that the consumption of soluble (3-glucans reduces
total cholesterol levels, including LDL-C, without affecting
HDL-C and triglyceride levels (38,39,118). A previous study
conducted in a murine model (162) demonstrated that the novel
insoluble dietary fiber chitin-glucan, which is extracted from
the cell wall of fungi and combined with olive oil, associated
with the Mediterranean diet, which is known for its beneficial
effects on health (163), substantially reduces levels of Ox-LDL
suggesting that this combination may be used as a therapeutic
strategy to treat patients with CVD. Furthermore, in patients
with mild hypercholesterolemia it has been demonstrated that
high-molecular weight -glucans decrease serum cholesterol
levels differently than low-molecular weight B-glucans (164).
Beside differences in viscosity, CYP7A1rs3808607 polymor-
phism also contributed to the different effects of these two
tested glucans (164).
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9. Conclusions

Over the past several decades, it has been suggested that
increasing levels of fiber, including 3-glucans, in the diet leads
to a reduction in cholesterol levels. However, the precise mecha-
nisms of this action remain unclear. Further research is required
to more specifically define the role of f-glucan in modulating
the immunological aspects of atherosclerosis. The current
review strengthens the hypotheses that of all forms of dietary
fiber, natural B-glucan molecules are the most promising to use
as a method of treating patients with dyslipidemia. It remains
unclear whether increasing 3-glucan intake should be recom-
mended to patients with severe hypercholesterolemia, to be used
in addition to or even as an alternative to statins, as there have
been very few direct comparisons between the effects of using
[-glucans and statins on such patients. However, 3-glucans may
more effective as they have a different mechanism of action
than statins; while statins block the action of the liver enzyme
responsible for producing cholesterol, 3-glucans promote a more
physiologically-based rebalancing of cholesterol levels.
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