Open Access Article. Published on 02 March 2021. Downloaded on 6/17/2026 6:21:01 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

[{ec

Food &
Function

REVIEW

’ '.) Check for updates ‘

Cite this: Food Funct.,, 2021, 12, 3366

Received 12th January 2021,
Accepted 23rd February 2021

DOI: 10.1039/d1fo00122a

rsc.li/food-function

Introduction

7 ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online
View Journal | View Issue

Effects of fungal beta-glucans on health — a
systematic review of randomized controlled trials

Marigoula Vlassopoulou, 2 #° Mary Yannakoulia,? Vasiliki Pletsa,®
Georgios |. Zervakis® and Adamantini Kyriacou & *2

Introduction: Beta-glucans are polysaccharides that exhibit a wide range of biological properties as a
result of their varying chemical composition. Like all dietary fibers, they avoid catabolism in the upper gas-
trointestinal tract, and they reach the large intestine undigested. There, they undergo fermentation by the
gut microbiota, a process that has potential beneficial effects for the host. The aim of this systematic
review is to assess the effects of consumption of beta-(1 — 3,1 — 6)-p-glucans, naturally found in the cell
walls of fungi, on health outcomes. Methods: A comprehensive literature search was performed on
PubMed, Cochrane Library and Web of Science to retrieve studies that applied randomized controlled
trials (RCTs) to investigate the impact of exclusive oral administration of fungal beta-glucans in any form
and at any dosage to healthy subjects or patients. Results: Thirty-four RCTs, of the 917 records retrieved
in total, met the eligibility criteria and are included in the present review. The sources of fungal beta-
glucans were Saccharomyces cerevisiae, Aureobasidium pullulans, Pleurotus ostreatus, Lentinula edodes
and Ganoderma lucidum, and the dosage of supplementation ranged from 2.5 to 1000 mg daily for up to
6.5 months. The primary physiological outcome of the majority of the interventions was immunomodula-
tion, which resulted in (a) strengthened immune defense that reduces the incidence and symptoms of
cold, flu and other respiratory infections and (b) improvement of allergic symptoms. However, the
findings on the induction of immune response alterations were inconsistent at the cellular and molecular
levels. Another aspect is psychological wellbeing, as the cohorts that received the polysaccharides of
interest reported improvement in their mood states as well as amelioration of overall wellbeing. At the
same time, it might also be useful as a complementary agent to patients undergoing cancer therapies.
Furthermore, supplements containing beta-(1 — 3,1 — 6)-p-glucan administered to overweight/obese
adults might have the potential to decrease comorbid conditions associated with obesity. Notably, no
adverse event causally related to glucans was recorded. Conclusions: Supplementation with beta-(1 — 3,1
— 6)-p-glucans is well-tolerated, and health-promoting properties are manifested primarily through the
potentiation of the immune system. More studies are required to confirm their additional beneficial
effects, to establish the optimal dose, and to reveal the underlying molecular mechanisms.

effects for the host. The cereal-derived beta-(1 — 3/1 — 4)-o-
glucans exert cardioprotective effects predominantly through

Beta-glucans are a heterogeneous group of glucose polymers
that exhibit a wide range of biological properties as a result of
their diverse morphology." They are categorized as dietary
fibers since they escape digestion by human gastric enzymes
and reach the large intestine undigested.” Then, they undergo
fermentation by the gut microbiota with potential beneficial
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the enhanced control of hyperlipidemia, hypertension, weight
and glycemic response.”®

On the other hand, fungal beta-glucans, and more specifi-
cally beta-(1 — 3,1 — 6)-p-glucans, are naturally found in the
cell walls of Ascomycota and Basidiomycota’” and have not
been extensively studied so far. The content of beta-glucans in
yeasts and filamentous fungi varies depending on the species.®
In vitro and in vivo experiments showed that fungal beta-(1 —
3,1 — 6)-p-glucans induce alterations in the composition of
the gut microbiota, favoring the species that promote the
host’s health®'® and that they exhibit immunomodulatory,'* ™
anti-tumor,"™'* antimicrobial,"* antioxidative'* and radiopro-
tective” effects. The aim of the present systematic review was to
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summarize the results of the randomized and controlled clini-
cal trials (RCTs) and to evaluate the effect of yeast- or mush-
room-derived beta-(1 — 3,1 — 6)-D-glucan supplementation on
health outcomes.

Materials and methods
Literature search

A comprehensive literature search was performed using three
search engines, namely PubMed (https:/pubmed.ncbi.nlm.
nih.gov/), Cochrane Library (https:/www.cochranelibrary.com/)
and Web of Science (webofknowledge.com/) to access the topic
relevant databases, following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines'’
(Fig. 1). The keywords used were (a) ((((((beta-glucan) OR
B-glucan) OR (beta-(1-3),(1-6)-p-glucan)) OR lentinan) OR
pleuran) NOT (((((beta-(1-3),(1-4)-p-glucan)) OR intravenous)
OR spray) OR cream)) in Pubmed, along with additional
restrictions for the article type (clinical trial), the species
(humans) and the language (English), (b) (TS = (clinical trial
AND (beta-glucan OR p-glucan OR lentinan OR pleuran OR
“beta-(1-3),(1-6)-p-glucan”) NOT (intravenous OR spray OR
cream OR “beta-(1-3),(1-4)-p-glucan”))) and language: (English)
and document types: (article) in Web of Science, and (c) beta-
glucan OR f-glucan OR “beta-(1-3),(1-6)-p-glucan” OR lentinan
OR pleuran NOT (“beta-(1-3),(1-4)-p-glucan” OR intravenous
OR spray OR cream) in title abstract keyword of the trials
section, in Cochrane Library.

Study selection

All records identified through database searching were
screened for duplicates and subsequently, their abstracts were
screened according to specified eligibility criteria. Firstly, only
RCTs were considered. Secondly, the aim was to retrieve
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studies that investigated the impact of exclusive oral intake of
beta-(1 — 3,1 — 6)p-glucans with no dosage restriction
through supplements. Hence, studies using any other form of
beta-glucan or administration method (i.e., intravenous, nasal
spray, and cream applied on the skin) were excluded.
Furthermore, the results were restricted to studies in humans
involving healthy individuals or patients with no age restric-
tion. In addition, records were considered relevant if their full-
text publication was available in English. For the records that
passed this screening, full-text articles were assessed for eligi-
bility and were included in the review.

Results
Characteristics of included studies

In total 917 records were retrieved from PubMed (n = 283),
Cochrane Library (n = 535), Web of Science (n = 96) and other
sources (https:/www.researchgate.net/ and https:/agris.fao.
org/; n = 3); after removing the duplicates (n = 265), the title
and abstract items were screened in 652 articles (Fig. 1). From
them, 576 were excluded due to the use of other beta-glucan
forms, non-oral administration of glucans or lack of the
control group and/or randomization in the study design.
Seventy-six records were selected for full-text revision to assess
the eligibility according to the aforementioned screening cri-
teria, a process that is necessary for cases in which infor-
mation relevant to the criteria was not provided in the title
and/or abstract of the article; 34 of them were RCTs, were per-
formed from 2005 to 2020, met the eligibility criteria and thus
were included in the present systematic review. The character-
istics of the included studies are summarized in Tables 1-3.
Most of the trials used yeast-derived beta-glucans; the sources
of extraction for either soluble or insoluble beta-(1 — 3,1 — 6)-
p-glucan fractions were the yeasts Saccharomyces cerevisiae and
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Aureobasidium pullulans (26 studies) and the mushrooms
Pleurotus ostreatus, Lentinula edodes and Ganoderma lucidum (8
studies). The daily dosage varied from 2.5 mg to 1 g and was
administered typically via capsules (commercially available
supplements Imunoglukan®, Wellmune WGP®, Yestimun®,
Lentinex®, and Imuneks®) for a duration ranging from 4 days
to 26 weeks. Participants’ age also varied across trials, from
children to older adults (>65 years old). Healthy individuals
and patients suffering from a disease or having a particular
medical history (respiratory tract infections, allergies, cancer,
and obesity) were included as volunteers.

All of the trials included in the present review were random-
ized and placebo-controlled, as this was one of the eligibility
criteria. Regarding the blinding, the vast majority of the 34
trials were double-blind (31 trials), one was single-blind,"® one
open-label,’” and one of unknown blinding status."®

Clinical outcomes

The majority of the studies focused on the effect of oral
administration of fungal beta-glucans on immunomodulation
and the potential immune system - the strengthening pro-
perties of these polysaccharides. This effect was predominantly
demonstrated through the reduction of incidence and symp-
toms of common cold, flu and upper respiratory tract infec-
tions (RTIs) in general, as observed in subjects with or without
chronic respiratory problems (Table 1). In trial participants
with a history of recurring RTIs, the positive effects on the
immune response to RTIs during beta-glucan supplementation
included the reduced number,'® severity'®>* and duration® of
symptomatic common cold infections. Additionally, sup-
plementation reduced sleeping difficulties caused by the cold
episode'® and improved the ability to “breathe easily”.>® The
outcomes of trials in individuals with no RTI history were in
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agreement with the aforementioned results regarding the
reduction of RTI incidence®** and the severity of typical
symptoms such as “sore throat and/or difficulty swallowing”,
“hoarseness and/or cough”, “runny nose”>* and average fever
score.”® There also reports of Dbetter overall
wellbeing.*"**

Even though there is some dispersed evidence of similar
incidence®**® and severity®>>* of RTIs among the outcomes of
trials that used yeast-derived beta-glucans, the positive effect
of mushroom-derived beta-glucans in general on the body’s
potential to defend against invading pathogens is supported
by the majority of the retrieved studies at the clinical level. In
contrast, the results appear to be incoherent at the molecular
and cellular levels. Gaullier et al.>” observed that a dosage as
low as 2.5 mg day ' of lentinan (beta-glucan from L. edodes -
“shiitake mushroom”), which is significantly lower than what
was used in most of the other trials, increased the number of
circulating B-cells in older adults, but showed no significant
difference in the number of NK cells or other factors of the
immune response (immunoglobulins, complement proteins,
and cytokines). However, Leentjens et al. (2014)"” showed that
even a daily administration of 1000 mg of yeast-derived beta-
glucan for seven days to 15 young and healthy male adults
altered neither the beta-glucan plasma levels nor the cytokine
production (TNF-a, IL-6, 1L-10, IL-1b, TL-17, IL-22, and IFN-c)
by leukocytes that were ex vivo stimulated by various stimuli."”
Along the same lines, the microbicidal activity was the same as
that of the control group.'” Likewise, studies reported no
difference in cytokines,*** chemokines® or in salivary IgA**
at the end of the intervention, although an increase in inter-
feron-y** has been detected in the intervention group, as well
as lower levels of monocyte chemotactic protein-1 during the
RTI, compared to the counts of the control group.>®

were
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Vulnerable populations at risk of RTIs

Children are usually among the vulnerable groups that are sus-
ceptible to various respiratory threats (Tables 1 and 2). Trials
in children with a history of recurrent RTIs showed that fewer
volunteers encountered episodes of common childhood infec-
tious illnesses related to the respiratory system in the interven-
tion group compared to the placebo.’®**? Furthermore, chil-
dren affected by RTIs while receiving beta-glucan had a signifi-
cantly lower frequency and duration of such incidents. Jesenak
et al. (2013)*® detected statistically significant modulation of
specific humoral and cellular immunity parameters in this
group and in NK cells. Other studies reported the stimulation
of physical endurance in children with respiratory problems>’
and potentiation of their mucosal immunity via stabilization
of salivary IgA*°?' 1IgG, and IgM antibody levels.*'
Accordingly, a study on healthy children found that adminis-
tration of yogurt enriched with beta-glucan from G. lucidum
increased the frequency of peripheral blood total lymphocytes
(CD3+, CD4+, and CD8+ T cells), which are critical elements
for the body’s defense against infectious threats.*”

Another group that is more susceptible to RTIs compared
to the general population includes individuals undergoing
intense physical training, like elite athletes and marathon
runners (Tables 1 and 2). Beta-glucans were found to reduce
the incidence®® and duration®*”® of RTI symptoms. At the cel-
lular level, they demonstrated the prevention of exercise-
induced reduction in the natural killer (NK) cell activity*®*”
and numbers.*® Furthermore, post-exercise, beta-glucan sup-
plementation increased the levels of salivary IgA, a marker of
mucosal immunity improvement,** as well as the potential of
blood leucocytes to produce a range of cytokines (IL-4, IL-5,
IL-7, IL-8, IL-10 and IFN-y).>® Moreover, it lowered the concen-
trations of serum pro-inflammatory cytokines (MIP-1, IL-8,
MCP-1, and TNF-a).*°

Beta-glucans have been co-administered with medication as
conventional therapy for respiratory diseases. Sun & Zhao
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(2019)*° administered 500 mg of lentinan to individuals with
severe acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) under mechanical ventilation, who were
treated, in parallel, with inhalation of the corticosteroid bude-
sonide (Table 1). Researchers reported improved clinical
efficacy of budesonide inhalation when combined with lenti-
nan treatment.

Allergies

Apart from the immune response to pathogens, supplemen-
tation with beta-(1 — 3,1 — 6)-p-glucans modulates allergic
reactions (Table 2). Ragweed allergy sufferers*’ and subjects
with a history of cedar pollinosis'® reported alleviation of
allergy symptoms such as sneezing, nose-blowing and tears.
Furthermore, their overall physical health, quality of life
(QOL)*" and daily functionality'® were improved. At the cellu-
lar and molecular levels, there is evidence supporting the
potential suppressive effect on allergic inflammation markers.
A RCT in children suggested the effectiveness of fungal beta-
glucan supplementation in children with atopy through the
reduction of peripheral blood eosinophilia and stabilization of
the total IgE level in serum.*” In addition, the administration
of a low dose of 20 mg day " of yeast-derived beta-glucan to
adults with seasonal allergic rhinitis for three months out of
the pollen season resulted in a decrease in the levels of the
Th2-originated cytokines IL-4 and IL-5 and an increase in Th1-
originated IL-12 levels in nasal lavage fluid, as well as a
decrease in the nasal lavage fluid percentage.*’

Other areas of action

Three studies investigated the effect of yeast-derived beta-
glucan administration to women diagnosed with breast carci-
noma (Table 3). Daily supplementation of 20 mg of beta-
glucan during the interval between two chemotherapy courses
(21 days) resulted in alleviation of body symptoms such as
fatigue, nausea, vomiting, pain, dyspnea, insomnia and appe-
tite loss,** and in beneficial changes in several blood and bio-
chemical markers (IL-12, IL-4, and whole blood cells);*’
however, it did not improve the quality of life or everyday func-
tioning.** Furthermore, beta-glucan supplementation to breast
cancer patients after mastectomy decreased drain discharges
between days 2 and 8 post-mastectomy and the drains were
removed significantly earlier compared to the placebo group.*®
The same study recorded significantly lower TNF-a and IL-6
levels in the serum of breast cancer patients who were admi-
nistered beta-glucan.*®

Beta-glucan supplementation to obese subjects had unclear
results (Table 3). Straczkowski et al.'® found that after 500 mg
day™" intake for 12 weeks no metabolic or anti-inflammatory
effects were exhibited during weight loss. On the other hand,
Mosikanon et al,*” who administered 477 mg day ' for 14
days and then 954 mg day ' for 28 days to overweight and
obese individuals, found that although there was no signifi-
cant difference in the lipid profile, liver and renal function, or
dietary intake when compared to the control group, beta-
glucan might have the potential to decrease comorbid con-
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Fig. 1 Flowchart of the selection process, following the PRISMA guidelines

ditions associated with obesity. Specifically, it reduced blood
pressure and waist circumference, and modulated the inflam-
matory markers associated with the development of
comorbidities.

Another aspect of potential beneficial effects of beta-glucan
consumption is mental health, with relevant studies reporting
improvement of mood state and amelioration of overall well-
being. RCTs with daily supplementation with one or two cap-
sules of Wellmune WGP® (250 mg or 500 mg) for four weeks
detected increased healthy subjects’ ratings of vigor and
decreased tension, depression, anger, fatigue, and
confusion.>*'  Moreover, this yeast-derived beta-glucan
improved global mood states as well as physical health,
energy, and emotional well-being.*’ Consistent with these

3370 | Food Funct., 2021, 12, 3366-3380
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results were the outcomes of trials studying the effect of the
same beta-glucan supplement on moderately to highly stressed
subjects for one and three months, and showed similar
changes in psychological and emotional factors.>"** In
addition, people with a history of RTIs who received beta-
glucan supplements for four months, reported a significant
increase in the joy subscore of the Perceived Stress
Questionnaire (PSQ20).%°

In terms of anti-viral defense, HSV-1 (herpes labialis virus)
positive patients who received beta-glucan derived from
P. ostreatus reported a significantly shorter duration of herpes
simplex symptoms*® (Table 2).

Another population that could potentially be assisted by

beta-glucan supplementation are osteoarthritis patients

This journal is © The Royal Society of Chemistry 2021
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(Table 2). In a trial investigating this hypothesis, individuals
suffering from osteoarthritis received A. pullulans-derived beta-
glucan for 12 weeks and reported a significant reduction in
the respective symptoms, as well as a significant reduction in
the frequency of rescue medication.*’

Discussion

The results of the present systematic review of RCTs indicate a
potentiation effect of oral supplementation of fungal beta-
glucans on the immune defense system. The outcomes of 17
studies demonstrated that individuals receiving beta-glucan
supplementation had stronger defense against upper respirat-
ory tract infections, whereas 8 trials studying immune system
decline after intense exercise in recreationally active subjects
and elite athletes found that beta-glucans reduced this adverse
effect. Furthermore, beta-glucans had beneficial effects in sea-
sonal allergy sufferers, HSV-1 positive patients and osteoar-
thritis patients, all of whom reported alleviated symptoms fol-
lowing supplementation. In trials investigating alterations in
overall wellbeing, beta-glucan supplementation led to improve-
ment of mood state and emotional well-being, enhanced
decrease in obesity-associated comorbid conditions and ameli-
oration of adverse side-effects of the treatment of cancer
patients undergoing chemotherapy or mastectomy.

Notably, none of the included studies reported adverse
effects causally related to beta-glucan supplementation. The
treatment was well tolerated in all the different populations,
regardless of variations in age, sex and health status. This is
an important observation that favors the use of beta-glucan
supplements for many purposes, as it is supported by a signifi-
cant number of studies with great variability in population.
This extends even in cases of patients who receive these sup-
plements in co-administration with other medicines pre-
scribed for specific conditions, as seen in breast cancer,*
osteoarthritis,*® chronic obstructive pulmonary disease*® and
HSV-1 positive® patients.

Interestingly, age does not seem to be a factor that affects
the overall efficacy of beta-glucan supplementation in
immunological potentiation. Although most studies were per-
formed in subjects of all age groups, two included only older
adults®® and six dealt with children;** the respective results
demonstrated that both of these population groups could
benefit from the administration of beta-glucans.

By examining the outcomes of the studies that did not
record differences in certain parameters of interest between
the intervention and placebo adult groups, it was noticed that
this only occurred in trials where yeast- and not mushroom-
derived beta-glucans were used, and in doses that did not
exceed 500 mg day ™.

The heterogeneity of the studies in this review did not allow
us to perform a meta-analysis. This heterogeneity is observed
in the age, sex, health status and size of the sample popu-
lation, as well as in the source of beta-glucans, the daily admi-
nistered dose and the duration of supplementation. Another
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limitation of the conducted studies is that they aimed at evalu-
ating the effects of dietary supplementation, which can be
affected by an individual’s eating behaviour. The aforemen-
tioned properties of beta-glucans are manifested primarily as a
result of their fermentation by the gut microbiota that have a
complex role in human health and can be highly affected by
the dietary intake of an individual. This is a parameter that
was not monitored in any of the included trials and in most of
them diet was ad-libitum. Furthermore, the majority of the
trials lack a follow-up assessment of the effects of beta-glucan
supplements. Only three studies'”*®** performed follow-up
testing after a certain period of time from the completion of
the intervention.

Conclusions

Oral supplementation with beta-(1 — 3,1 — 6)-p-glucans in
humans is well-tolerated and demonstrates health-promoting
properties, primarily through the potentiation of the immune
system, with the most prominent of them being the prophylac-
tic effect against the occurrence and severity of upper respirat-
ory tract infections. Further investigation is required in order to
determine other potential beneficial effects of these fibers, to
unravel the molecular mechanisms behind their impact on
physical health, and to establish the optimal administration
parameters and source of extraction. In addition, the observed
beneficial immunomodulatory effect of beta-glucans on coping
with respiratory infections should be studied on distinct bac-
terial and viral causes of infection, such as SARS-CoV-2.
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