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ABSTRACT

The gastrointestinal (GI) microbiota is one of the most complex ecosystems in nature that are mainly com-
prised of bacteria and other microbes like fungi, protozoa, and viruses. More than 1000 bacterial species
have been reported in the gut microbiome, of which most of these species belong to Firmicutes (31.1%),
Proteobacteria (29.5%), Actinobacteria (25.9%), or Bacteroidetes (7.1%) phylum. A symbiotic relationship,
which plays a critical role in host health, exists between intestinal microflora and its host. With aging, the
intestinal microbiota profile changes are observed, generally characterized by the decrease in biodiversity,
carriage of commensals, and enrichment of opportunistic pathogens. The dysbiosis associated with aging
in the gut microbiota increases the risk of several diseases. Probiotics are defined as “live microorganisms
that, when administered in adequate amounts, confer a health benefit on the host” and play crucial functions
in improving gut health and disease in all age groups, particularly the elderly induvial. This review focuses
on the promising effects of probiotics on slowing down the aging process, treating age-related diseases, and
improving the quality of life in light of the current clinical studies.
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INTRODUCTION

Intestinal microbiota, one of the most complex ecosys-
tems in nature, hosts between 10" and 10'* microor-
ganisms. Although, initially this number is believed to
be at least 10 times higher than the number of human
cells (Vyas and Ranganathan, 2012), the recent find-
ings indicate that there are approximately equal mi-
crobial and human cells (Anwar et al., 2021; Sender
etal., 2016). The total weight of these microorganisms
is 1-2 kg, similar to the weight of the human brain
(Foster et al., 2017). Even if only 20% of the intes-
tinal microflora is characterized, a significant varia-
tion is observed wherein hundreds of different types
of microorganisms participate (Jensen et al., 2017).

Consisting of a predominant bacterial ecosystem, the
intestinal microbiota includes archaea, protozoa, eu-
karyotic and bacterial viruses (bacteriophages), fungi,
and helminth parasites (Foster et al., 2017). More
than 1000 bacterial species have been reported in the
gut microbiome, of which at least 160 species can be
observed in each person, and a significant number of
them colonize in the lower intestinal tract (10''-10"
cells/g). While most of these species belong to Fir-
micutes (31.1%), Proteobacteria (29.5%), Actinobac-
teria (25.9%), or Bacteroidetes (7.1%) phylum, the
others are included in Verrucomicrobia, Fusobacteria,
Cyanobacteria, or Spirochaetes phylum. The number
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of anaerobic bacteria in the intestinal ecosystem is two
to three times higher than that of facultative anaerobic
and aerobic bacteria. The two dominant phylotypes,
Firmicutes and Bacteroidetes, include Lactobacillus
sp., Clostridium sp., Enterococcus sp., and Bactero-
ides sp. (Jensen et al., 2017).

A symbiotic relationship exists between intestinal
microflora and its host, which includes supporting
metabolic functions, regulating angiogenesis, activat-
ing the enteric nervous system, maintaining intestinal
motility, contributing to the development of immune
tolerance, and preserving mucosal barrier function
(Cheng et al., 2019). Epidemiological studies on the
relationships between changes in intestinal microflora
diversity, structure, or function in the early stages of
life and disease development later in life revealed that
a correct establishment of the host-flora relationship is
essential for immune system development (Akgelik et
al., 2020; Jensen et al., 2017). The correct establish-
ment of this relationship, which plays a critical role
in host health, is closely associated with various fac-
tors such as genetic, mode of birth, gender, diet, age,
physical activity, stress, environmental factors, vari-
ous diseases, and antibiotic usage. Therefore, the mi-
crobiota has reached a critical position where it needs
to be defined as a new organ. This has led to increasing
scientific attention to the microbiota (Akgelik et al.,
2020).

Disruptions in the composition and metabolic ca-
pacities of microbial communities are known as dys-
biosis or dysbacteriosis that deteriorates not only the
relationships between microorganisms but also the
interaction between these microorganisms and their
hosts. Although most of the factors that play a role in
dysbiosis are still unknown, several internal and ex-
ternal factors such as the method of birth, exposure to
disinfectants, household cleaners and other chemicals
at young ages, diet, antibiotic usage, and stress may
be considered. Dysbiosis is typically initiated with the
combined effects of these factors, and its severity may
increase or decrease depending on personal predispo-
sitions, particularly genetic predispositions (Akgelik
et al., 2020). Although the microbial balance (normal
microflora) cannot be defined and the causes of dys-
biosis cannot be definitively stated, dysbiosis can be
expressed as the loss of beneficial microorganisms,
proliferation of potentially harmful microorganisms,
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and/or loss of general microbial diversity (Olesen and
Alm, 2016). Dysbiosis causes intestinal diseases, such
as inflammatory bowel syndrome, irritable bowel syn-
drome, and colorectal cancer, and other crucial diseas-
es such as allergy, asthma, obesity, nonalcoholic fatty
liver diseases, cardiovascular diseases (CVD), and
even neuropsychiatric diseases (Akgelik et al., 2020;
Olesen and Alm, 2016; Vyas and Ranganathan, 2012).

The composition of the gut microbiota is shaped by
host cells using multiple control mechanisms which
act as habitat filters and by host behaviors such as diet
selection. Among the several approaches to positive
modulation of intestinal microflora, the probiotic ap-
proach is prominent, which began with the pioneering
work of Nobel Prize-winning scientist Elie Metch-
nikoff (Akgelik et al., 2020). The new term probiosis
(the modulation of intestinal microbiota using probi-
otics) could be a promising approach for the preven-
tion and treatment of diseases (Vyas and Ranganathan,
2012).

According to the definition of Food and Agricul-
ture Organization of the United Nations and the World
Health Organization, probiotics are “live microorgan-
isms that, when administered in adequate amounts,
confer a health benefit on the host” (Hill et al., 2014).
Most of the probiotic microorganisms belong to the
lactic acid bacteria (LAB) group, such as Lactoba-
cillus spp., Leuconostoc spp., Lactococcus spp., Pe-
diococcus spp., Streptococcus spp., and Enterococcus
spp. In addition to Saccharomyces boulardii, an eu-
karyotic microorganism, other bacterial species such
as Bifidobacterium spp., Bacillus spp., Escherichia
coli, and Clostridium butyricum have been described
in detail regarding their probiotic properties in Table 1.

The ancient history of LAB in the fermentation
and preservation of foods may be explained by their
ability to metabolize different carbon sources, their
widespread tolerance to various stress environments,
and their “generally recognized as safe” (GRAS) sta-
tus for human and animal consumption (Akgelik and
Akgelik 2020; Oniszczuk et al., 2021). A wide variety
of fermented foods such as yogurt, kefir, tempeh, sau-
erkraut, and kimchi are potential sources for isolating
probiotic microorganisms.

Thanks to some outstanding properties, probiotics
have beneficial effects on host health, which are demon-
strated by clinical studies, such as anti-pathogenicity,
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Table 1. Microorganisms used as probiotics

Microbial groups Genus

Species

Lactic acid bacteria Lactobacillus spp.

Lb. acidophilus, Lb. amylovorus, Lb. brevis, Lb. bulgaricus, Lb. casei,

Lb. cellobiosus, Lb. crispatus, Lb. curvatus, Lb. fermentum, Lb. gallinarum,
Lb. helveticus, Lb. johnsonii, Lb. lactis, Lb. paracasei, Lb. plantarum,
Lb. reuteri, Lb. rhamnosus, Lb. delbrueckii ssp. bulgaricus

Streptococcus spp.
Lactococcus spp.
Leuconostoc spp.
Pediococcus spp.
Enterococcus spp.

Bifidobacteria Bifidobacteria spp.

Str. salivaris ssp. thermophiles
Lactococcus lactis ssp. cremoris
Leuconostoc mesenteroides
Pediococcus pentosaceus, P. acidilactici
Ent. faecium, Ent. faecalis

B. adolescentis, B. animalis, B. bifidum, B. breve, B. essensis, B. infantis,

B. longum, B. laterosporum, B. thermophilum

Propionibacteria Propionibacteria spp.

Spore forming bacteria Bacillus spp.

Propionibacteria acidipropionici, P. freudenreichii, P. jensenii, P. thoenii

Bacillus alcalophilus, B. cereus, B. clausii, B. coagulans, B. subtilis

Sporolactobacillus inulinus

Other bacteria Escherichia spp. Escherichia coli
Sporolactobacillus spp.
Yeast Saccharomyces spp.

Saccharomyces cerevisiae (boulardii)

Source: adopted from Anadénet al. (2016).

antidiabetic, anti-obesity, anti-inflammatory, anticarci-
nogenic, and anti-allergic activities (Gao et al., 2019;
Tezel Uymaz and Uymaz, 2020). For the mentioned
effects, probiotics must chemically or physically in-
hibit the growth of pathogenic bacteria through im-
mune, hormonal, and neuronal manipulations and
must stimulate the growth of useful microorganisms
(Oniszczuk et al., 2021). Probiotics are reported to be
associated with vitamin synthesis, stimulation of the
immune system, protection of the intestinal barrier de-
fense system, metabolism of carcinogens, prevention
of pathogenic microbial colonization, production of
short-chain fatty acids (SCFAs) for enterocyte energy,
and potentially lowering levels of neurotoxic com-
ponents (Logan and Katzman, 2005). Probiotics can
communicate with the host through the microbiota-
gut-brain axis, including the immune, neuroendocrine,
and neural pathways that affect the brain and host be-
havior (Liang et al., 2015). In addition, the gut micro-
biota can potentially convert some dietary components
such as polyphenols into metabolically more suitable
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forms. Because of the positive changes in the intes-
tinal microbiota composition, the metabolic balance
and cardiovascular health of humans are maintained
(Gao et al., 2019; Tezel Uymaz and Uymaz, 2020).
The intestinal microbiota profile changes sharply
in elderly individuals compared with healthy adults,
and these changes occur gradually over time, with no
chronological threshold defined (Jackson et al., 2016;
Sireli et al., 2020). The intestinal microecosystem of
the elderly is generally characterized by the decrease
in biodiversity, carriage of commensals, and enrich-
ment of opportunistic pathogens (Rondanelli et al.,
2015). The mentioned changes could be because of
various reasons associated with aging, such as dete-
rioration of chewing function, taste, and saliva produc-
tion (Ni et al., 2019). On the other hand, gastric acid
production and GI transit duration slow down, caus-
ing constipation. In addition, the rate of impairment of
these biological functions is affected by factors such as
lifestyle, malnutrition, weakness, and inflammations
of the elderly (Cancello et al., 2019; Sireli et al., 2020).
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The dysbiosis of harmonious relationship in the gut
microbiota associated with aging or different reasons
is associated with several diseases, including type 2
diabetes, inflammatory bowel diseases, and colorec-
tal cancer (Ferretti et al., 2018). Studies have revealed
that therapeutic approaches targeting the microbiota
are promising in treating age-related metabolic and
neurodegenerative diseases (Asl et al., 2019). This
study aimed to summarize the use of probiotics in
treating age-related diseases in the light of the current
clinical studies. In this study, the effects of probiotics
on slowing down the aging process and improving the
quality of life will also be discussed.

THE CHANGES
IN GUT MICROBIOTA COMPOSITION IN ELDERLY

Changes in the intestinal microbiota composition at
different ages are summarized in Table 2 (Duncan and
Flint, 2013).

The first microbial colonization commences dur-
ing and early after birth. Several crucial factors affect
the infant microbiota composition, including delivery
type, gestational age at birth, feeding mode (breast-
feeding or formula), and antibiotics use (Ferretti et al.,
2018). Among these factors, the type of birth is crucial
in identifying the precursor bacterial species in the mi-
crobial colonization of infants. Babies born by vaginal
delivery are colonized first by maternal vaginal and
fecal bacteria; therefore, lactobacilli and Prevotella
species are predominant (Hardy et al., 2013). Those
born by cesarean section are first exposed to bacteria
originating from the hospital environment (Hardy et
al., 2013); they are reported to develop a different mi-
crobiota with abnormal short-term immune responses

and the risk of developing immune diseases in the
longer term (Dinan et al., 2013).

The feeding mode of the newborn is another essen-
tial factor that affects microbial colonization. Breast
milk includes free human milk oligosaccharides, fer-
mented by infant gut microbiota. Human milk oligo-
saccharides represent a pool of more than 45 different
linear or branched oligosaccharides, consisting of
3—15 carbohydrate units, including glucose, galactose,
N-acetylglucosamine, fucose, and sialic acid (Thom-
son et al., 2018; Walker, 2013). This oligosaccharide
composition of human milk, depending on the genetic
variability, is crucial for forming a healthy microbiome
dominated by Bifidobacterium species in the infant gut
microbiome (Diaz and Garrido, 2020). Moreover, nor-
mal colonization with the species occurs if the baby
is only breastfed during the first six months. Bifido-
bacterium genomes include a large set of genes for
using carbohydrates. Bifidobacterium infantis, Bifi-
dobacterium longum, Bifidobacterium bifidum, and
Bifidobacterium breve can use human milk oligosac-
charides, particularly infant-derived ones (Thomson
et al., 2018). The members of genus Bifidobacterium
play a critical role in the barrier effect, immune system
stimulation, and are associated with certain beneficial
health effects (Arboleya et al., 2016). In the newborn,
breast milk is a continuous source of commensals such
as Lactobacillus acidophilus and Lactobacillus gasse-
ri and Bifidobacterium species. Hardy et al. (2013)
stated that diarrhea, allergies, and inflammatory dis-
eases are less common in breastfed babies. The gut
of formula-fed babies is characterized by a crucial
amount of bifidobacteria and an increased amount of
Firmicutes and Bacteroides, Clostridium difficile, Bifi-
dobacterium adolescentis, and certain Proteobacteria

Table 2. Changes in gut microbiota composition at different ages

Fetus Baby Child

Adult Elderly

Increase in biodi-
versity following
weaning and intake
of solids

Generally Breastfed: Bifidobacteria
sterile usually dominate

Bottle-fed: more diverse
with more Bacteroidetes
and less Bifidobacteria

Dominant phyla: Firmicutes,
Bacteroidetes, and Actinobacteria

Compared to healthy
adults: decrease in Firmi-
cutes and Bifidobacteria,
increase in Bacteroidetes
and Proteobacteria

Less dominant phyla: Proteo-
bacteria, Verrucomicrobia

Source: adopted from Duncan and Flint (2013).
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species. Eventually, by 12 to 18 months, the baby’s
gut is completely colonized with microorganisms in-
volving more than 1000 separate species. During these
months, if antibiotic treatment is administered, the
timing and nature of colonization change negatively
(Walker, 2013). After this period, only minor changes
occur, and the child has an adult-like microbiota by
approximately three years of age. At the phylum level,
the intestinal microbiota is made up of 80-90% Fir-
micutes (species such as Lactobacillus, Clostridium,
and Enterococcus) and Bacteroidetes (species such as
Bacteroides; Arboleya et al., 2016).

Although the rate of bifidobacteria reaches up
to 90% of the total colon microbiota in the first 12
months of life in breastfed infants, it decreases over
time to 5% in adulthood and even below in the elderly
(Riviére et al., 2016). In adulthood (aged <65 years),
the composition of gut microbiota at the species level
is comparatively stable. The adult gut is inhabited by
10" to 10" microorganisms (Dinan et al., 2013). The
dominant bacterial phyla in healthy adults are Fir-
micutes, Bacteroidetes, and Actinobacteria, whereas
Proteobacteria and Verrucomicrobia are present in
lower amounts. One of the most abundant species in
the healthy gut is Faecalibacterium prausnitzii, which
shows potent anti-inflammatory activities. Typically,

Table 3. Aging-related changes in the gut microbiota profile

B. adolescentis and B. longum dominate the adult in-
testinal microbiota. In addition, the gut community
can contain organisms that can have adverse effects
through their metabolic outputs and gene products.
Therefore, the balance between benefit and harm for
the host depends on the overall state of the microbial
community, including its distribution, diversity, spe-
cies composition, and metabolic outputs (Duncan and
Flint, 2013; Riviére et al., 2016).

Aging is associated with intestinal imbalance, dys-
biosis, increased intestinal permeability, and leaky
gut that enables the transition of endotoxins, some
microorganisms, and other microbial metabolites into
the blood circulation system (Singh et al., 2020). In
addition, the changes observed in the gut microbiota
of older adults can be caused by various factors, in-
cluding the decrease in general health status with mal-
nutrition and an increased need for drugs, particularly
antibiotics. Table 3 summarizes aging-related changes
in the gut microbiota profile.

Rondanelli et al. (2015) have demonstrated that the
elderly typically show a decline in numbers of Bifido-
bacterium and Firmicutes species and an increase in
Enterobacteriaceae and Bacteroidetes compared with
the adult population. Although B. adolescentis, Bifi-
dobacterium catenulatum, and B. longum are highly

Aging-related changes

in the gut microbiota profile Results

Mechanism

increased diarrhea risk
related to CI. difficile

Decrease in biodiversity

Enterobacteriaceae
proliferation
colorectal cancer development

Reduction in butyrate producer
bacteria
increased colorectal cancer
risk

increased colorectal cancer
risk

Colonization with toxin-
producer E. coli, Helicobacter
pylori, and B. fragilis

increased in the inflammatory response
increased in the probability of metastatic

weakening in the colon epithelium
increased in the inflammatory response

reduction in CI. difficile colonization resistance

excessive endotoxin production

decreased in:

» protective and trophic function of butyrate in co-
lon epithelium

« reduction in anti-inflammatory effects of butyrate

« reduction in anti-neoplastic effects of butyrate

due to toxins, deterioration in control of the:
* cell cycle

« regulation and growth

* DNA damage

Source: adapted from Biagi et al. (2017).
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dominant bifidobacteria species in the elderly, their
diversity and abundance significantly decrease with
aging. Although this is associated with reduced adhe-
sion to the gut mucosa, it is unclear whether this was
because of changes in the microbiota or the mucus
structure (Arboleya et al., 2016). Moreover, SCFAs-
-producing saccharolytic bacteria from the Lachno-
spiraceae and Ruminococcaceae families are reduced.
SCFAs have essential functions such as maintaining
epithelial barrier integrity, metabolic regulation, im-
mune functioning, and modulation of neuronal ac-
tivity (Cancello et al., 2019). This aged-associated
microbiota profile played a central role in systemic in-
flammation during the aging process (Ni et al., 2019).
On the other hand, facultative anaerobes, including
opportunistic pathogens, such as enterobacteria, ente-
rococci, streptococci, and staphylococci, increase by
advancing age. Levels of Clostridium cluster XIV and
Faecalibacterium prausnitzii, the primary producers
of butyrate, also decrease in the elderly (Rondanelli et
al., 2015; Singh et al., 2020). However, according to
the age of individuals and geographic location, these
results may differ from each other. Members of the
Clostridium cluster XIVa have been reported to de-
cline in the elderly and centenarians from Japan, Fin-
land, and Italy. In contrast, an opposing trend has been
reported from Germany in individuals above 60 years
of age. Increasing levels of Bacteroidetes have been
reported in the elderly from several countries, includ-
ing Germany, Austria, Finland, and Ireland; however,
these results differed among the elderly and centenar-
ians in Italy (Bedani et al., 2016).

The extended use of antibiotics in the elderly has
a detrimental effect on the gut microbiota composi-
tion, reducing the bacterial diversity (Arboleya et al.,
2016). For example, the treatment for C. difficile-as-
sociated diarrhea includes the use of broad-spectrum
antibiotics such as metronidazole and vancomycin.
Although broad-spectrum antibiotic therapy mainly
affects the target pathogen bacteria, it also affects up
to 33% of the gut microbial population. Moreover,
there is a personalized effect on the gut microbiota can
be mentioned (Rea et al., 2012). The antibiotic treat-
ment decreases the number of the Bacteroides group,
changes its composition, and decreases the number of
Bifidobacterium spp., Clostridium spp., Desulfovibrio
spp., and Faecalibacterium spp. (O’Sullivan et al.,
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2013). After antibiotic treatment, virulent strains of
C. difficile can colonize the gut and synthesize tox-
ins, shedding spores and causing illnesses, ranging
from mild diarrhea to fulminant relapsing diarrhea and
pseudomembranous colitis (Rupnik et al., 2009). Dur-
ing the use of antibiotics, strategies aimed at restoring
the microbiota have been studied, particularly the use
of probiotics to adjust the dysbiosis in the bifidobac-
teria population and the change in gut microbiota af-
ter antibiotic treatment. O’Sullivan et al. (2013) have
studied the effect of antibiotic therapy on the composi-
tion of the gut microbiota in elderly Irish individuals
(aged >65 years). A total of 42 of 185 elderly indi-
viduals were treated with at least one antibiotic for one
month. Bifidobacterium spp. numbers were noted to
significantly decrease, whereas Lactobacillus spp. and
Enterobacteriaceae levels remain unaffected in indi-
viduals treated with antibiotics compared with those
not given antibiotics.

THE EFFECTS OF PROBIOTICS IN ELDERLY

Lactobacillus, Bifidobacterium, and Saccharomyces
are known as probiotics, which show beneficial health
effects by restoring the balance of gut microflora. Pro-
biotics play crucial functions in improving gut health
and disease in all age groups, particularly the elderly.
The dysbiosis of gut microbiota has been associated
with inflammatory and metabolic disorders, including
inflammatory bowel disease, diabetes, irritable bowel
disease, colorectal cancer, CVD, and frailty (Duncan
and Flint, 2013).

Increasing evidence has demonstrated the benefi-
cial effects of probiotics in the elderly, which include
protection against pathogens, strengthening barrier
functions, regulating immune response, preventing
GI diseases, and reducing inflammation and oxidative
stress. Therefore, probiotics can be used as preventive
and/or therapeutic agents against diseases. However,
the available clinical evidence is still minimal to draw
any certain conclusions regarding the benefit of probi-
otics in the elderly (Ni et al., 2019). The studies con-
ducted to test the effect of probiotic administration on
microbiota composition and therapeutic outcomes in
certain diseases in the elderly population have been
summarized in Table 4.
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Table 4. Review of the recent articles on the effects of probiotic administration on microbiota composition and therapeutic
outcomes in certain diseases in the elderly

Pathology Subjects Probiotics Results References
n; age
1 2 3 4 5
Alzheimer’s 60; 60-95 probiotic milk containing decreased the plasma malondialdehyde Akbari et al.
disease years Lb. casei, Lb. acidophilus, (MDA) and high sensitivity C-reactive (2016)
(AD) B. bifidum, and Lb. fermentum; protein (hs-CRP) levels
200 mL/day for 12 weeks
30 mice; 2 cow’s milk fermented with Lb.  increased antioxidant levels, Musa et al. (2017)
months old fermentum LAB9 or Lb. casei  learning and memory behavior
LABPC; 10° CFU/0.2 mL decreased the levels of acetylcholinester-
for 28 days ase (AChE), MDA, and pro-inflammatory
cytokines
64 mice; probiotic formulation SLAB51  reduced the oxidative stress associated Bonfili et al.
8-week-old (Str. thermophilus, B. longum, — with AD (2018)

Parkinson’s 40; 76.05 £2.09

disease years
20 mice;
7-week-old
60; 50-90
years
Mental 38; 66-78
disorders years
Cognitive  63; >65 years
dysfunction

B. infantis, B. breve, Lb. plan-

tarum, Lb. acidophilus, Lb. pa-
racasei, Lb. delbrueckii subsp.
bulgaricus, Lb. brevis); 200 bn
bacteria/kg/day for 16 weeks

60 mg per tablet of two lactic
bacteria tablets: Lb. acidophilus
and B. infantis; 2 times/day

for three months

probiotic cocktail containing
Lb. rhamnosus GG, B. animalis
lactis, and Lb. acidophilus;

2 x 10 CFU/day for 30 days

a probiotic combination of

B. bifidum, Lb. acidophilus,
Lb. reuteri and Lb. fermentum;
8-10° CFU/day for 12 weeks

a sachet containing lyophilized
powder of B. longum subsp.
longum BB536, B. longum
subsp. infantis M-63, B. bre-
ve M-16V and B. breve B-3;
1.25 x 10" CFU/day

for 12 weeks

probiotics containing B. bifidum
BGN4 and B. longum BORI,
1 x 10° CFU/day for 12 weeks

improved abdominal pain and bloating

increased butyrate level and improved
neurodegeneration

decreased score on the Unified Parkin-
son’s Disease Rating Scale (UPDRS)
reduced hs-CRP and MDA levels
increased glutathione (GSH) levels
decreased insulin levels

decreased depression anxiety scores

decreased the relative abundance of
Eubacterium, Clostridiales, Allisonella,
and Prevotellaceae, advancement

in mental flexibility testing and stress score

increased the brain-derived neurotrophic
factor (BDNF) level, improving brain
functions

Georgescu et al.
(2016)

Srivastav et al.
(2019)

Tamtaji et al.

(2019)

Inoue et al. (2018)

Kim et al. (2021)
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Table 4 - cont.

1 2

3

4 5

Osteoporosis 24 ovariec-
tomized rats;
10-week-old

417; >65 years

70; 75 to 80
years
Obesity 20; >65 years
Car- 26 clini-
diovascular cal trials; 2
diseases meta-analyses

1971; 19-85
years

60; 18-65
years

47; 45-75
years

B. longum;, 108-10° CFU/mL;
once a day for 16 weeks

Lb. casei Shirota; for four
months

Lb. reuteri 6475; 10'° CFU/day
for 12 months

a probiotic mix (Str. thermophi-
lus, B. breve, B. longum,

B. infantis, Lb. acidophilus,

Lb. plantarum, Lb. paracasei,
Lb. delbrueckii subsp. bulgari-
cus); 450 billion bacteria

for two weeks combined

with Mediterranean diet

Lb. reuteri NCIMB 30242, Ent.
faecium, and the combination of
Lb. acidophilus La5

and B. lactis Bb12; ranged

from 2 x 107-2 x 10" CFU/day;
duration ranged from 4

weeks to 10 weeks

Lb. acidophilus, B. lactis, and
Lb. plantarum strains; ranged
from approximately 10°-10"
CFU/day; duration ranged
from one week to 24 weeks

Lb. reuteri V3401; 5 x 10°
CFU/day for 12 weeks

B. bifidum TMC3115; for three
weeks

Parvaneh et al.
(2015)

alleviated bone loss and increased bone
mass density

speeded functional improvement, acceler- Lei et al. (2016)

ated the fracture healing process

declined bone loss Nilsson et al.

(2018)
decreased oxidative stress and the weight Cancello et al.
of subjects (2019)
remarkably reduced low-density lipopro- DiRienzo (2014)

tein cholesterol (LDL-C) and total choles-
terol (TC)

improving other coronary heart disease
risk factors

reduced serum TC was significantly Wang et al. (2018)

Tenorio-Jiménez
et al. (2018)

reduced risk of cardiovascular disease

lower plasma TC and LDL-C levels
increased Firmicutes, Bacteroides

and Actinobacteria

reduced Proteobacteria and Fusobacteria

Wang et al. (2019)

The intestinal microbiota is known to play a cru-

cial role in the pathogenesis of Parkinson’s disease
(PD). More than 70% of patients with PD suffer from
gut dysfunction (Sharma et al., 2019). According to
the study conducted by Scheperjans et al. (2015), the
abundance of Prevotellaceae in feces of patients with
PD decreased by 77.6% compared with the control
group. The relative abundance of Prevotellaceae of
6.5% or less had 86.1% sensitivity and 38.9% speci-
ficity for PD. Moreover, the relative abundance of
Enterobacteriaceae was positively associated with

60

the severity of postural instability and gait difficulty.
The changes in GI microbiota and excessive neuroin-
flammation in the gut of the patients with PD cause
nonmotor symptoms such as constipation. Constipa-
tion is the most common complication reported in
several patients with PD (Sharma et al., 2019). Fur-
thermore, the increased risk of constipation will cause
autonomic dysfunction of GI system permeability in
PD (Postuma et al., 2013). The therapies based on
modulating the gut microbiome to prevent or stop the
progression of PD pathologies, such as probiotics,
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improve the symptoms of constipation (Cheng et al.,
2019; Srivastav et al., 2019). In a study conducted by
Georgescu et al. (2016), 20 out of 40 randomly se-
lected patients with PD (mean age, 76.05 +2.09 years)
received trimebutine 200 mg three times daily. The
other 20 patients received probiotics (60 mg per tab-
let of two lactic bacteria tablets: Lb. acidophilus and
B. infantis) two times per day for three months. Ac-
cording to the results, the administration of probiotics
improved abdominal pain and bloating, similar to that
with trimebutine.

The gut-brain axis is a bidirectional relation be-
tween the gut and brain. It refers to the relationship
between the gut microbiota and age-related neuro-
degenerative diseases, such as Alzheimer’s disease
(AD) and mood disorders (including depression and
anxiety; Kim et al., 2021). Alzheimer’s disease — AD
is one of the most common chronic neurodegenera-
tive disorders in the elderly characterized by cogni-
tive and memory impairments (Cheng et al., 2019).
In 2016, Akbari and research team reported the first
study to evaluate the beneficial effects of probiotic
supplementation on the biomarkers of oxidative
stress, cognitive function, inflammation, and meta-
bolic status in patients with AD. In this randomized,
double-blind, controlled study, patients with AD
received 200 mL/day of probiotic milk containing
Lactobacillus casei, Lb. acidophilus, B. bifidum and
Lb. fermentum for 12 weeks. The plasma malondial-
dehyde and high-sensitivity C-reactive protein levels
decreased in patients with AD treated with probiotics
compared with the control group. According to the
study conducted by Musa et al. (2017), the treatment
with cow’s milk fermented with Lb. fermentum LAB9
or Lb. casei LABPC increases antioxidant levels,
learning, and memory behavior in mice. In addition,
the levels of acetylcholinesterase, malondialdehyde,
and proinflammatory cytokines are reduced in the
probiotic group compared with the control group. The
administration of the probiotic formulation SLAB51
(Streptococcus thermophilus [Str. thermophilus], B.
longum, B. infantis, B. breve, Lb. plantarum, Lb. aci-
dophilus, Lb. paracasei, Lb. delbrueckii subsp. bulga-
ricus, Lb. brevis) on transgenic AD mice (n = 64) for
16 weeks (200 bn bacteria’kg/day) crucially reduced
AD-related oxidative stress (Bonfili et al., 2018). Asl
et al. (2019) administered an encapsulated probiotic

www.food.actapol.net/

supplement consisting of Lb. acidophilus, B. bifidum,
and B. longum (each capsule contains 500 mg of bac-
terial mixture with a total of 15 x 10° colony-forming
units [CFU]) for 56 days to rats with AD. Spatial
learning and memory were assessed in the Morris
water maze. The probiotic treatment improved maze
navigation compared to other rats. Essentially, it has
been reported to restore long-term potentiation, one
of the candidate mechanisms through which long-
lasting memories are consolidated.

Probiotics have been suggested to improve cogni-
tive dysfunction and mental disorder in patients and
experimental animal models through the gut-brain
axis. Lactobacillus strains such as Lactobacillus odon-
tolyticus and Lb. plantarum secrete acetylcholine, the
principal neurotransmitter in the human brain (Cheng
et al., 2019). Saccharomyces, Escherichia, and Ba-
cillus secrete norepinephrine; Streptococcus, Entero-
coccus, Candida, and Escherichia secrete serotonin,
whereas Serratia and Bacillus have the potential to
secrete dopamine. All these neurotransmitters are
known to play a crucial role in mental health (Fond
et al., 2015). On the other hand, it is still unclear
whether probiotics have a beneficial role in the brain
function of healthy elderly (Sharon et al., 2016). In
a randomized, double-blind, placebo-controlled trial,
38 healthy elderly individuals (aged 66—78 years)
were given a combination of Bifidobacterium spp.
supplementation (B. longum subsp. longum BBS536,
B. longum subsp. infantis M-63, B. breve M-16V, and
B. breve B-3) and moderate resistance training for 12
weeks. The probiotic group had a significant decrease
in depression anxiety scores (Inoue et al., 2018). In
a randomized, double-blind, and placebo-controlled,
multicenter trial to evaluate the effects of probiotics
on cognition and mood, 63 healthy older adults (aged
>65 years) consumed either placebo or probiotics con-
taining B. bifidum BGN4 and B. longum BORI for 12
weeks. At the genus level, crucial changes in the gut
microbial composition were detected in the probiotic
group. The relative abundance of inflammation-in-
ducing gut bacteria (Eubacterium, Clostridiales, Al-
lisonella, and Prevotellaceae) decreased significantly
at week 12 with probiotic use. Older people using
probiotics showed more advancement in mental flex-
ibility testing and stress score. The brain-derived neu-
rotrophic factor (BDNF) level, known to be extremely
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crucial for learning, memory processes, and stress, re-
markably increased in the probiotic group compared
with the placebo group. Moreover, the decrease in the
relative abundance of Eubacterium and Clostridiales
in the gut with probiotic administration is associated
with the increase in the serum BDNF, thus improving
brain functions (Kim et al., 2021).

Probiotics may be a promising new application for
bone loss and the prevention of osteoporosis. Osteopo-
rosis is a disease that occurs with the loss of bone den-
sity and deterioration of bone microstructure, resulting
in decreased bone strength and increased fracture risk
(Collins et al., 2017). Osteoporotic fractures affect one
in two women and one in five men after 50 years of
age (Lorentzon and Cummings, 2015). Parvaneh et al.
(2015) found positive results in their study on the ef-
fectiveness of the probiotic, B. longum, in protecting
rats from ovariectomized (OVX)-induced bone loss. In
the survey, OVX rats were used to mimic menopausal
conditions in women with estrogen deficiency. Bone
loss was found to be alleviated and bone mass density
to be increased in OVX rats receiving B. longum (103
10° CFU/mL) once a day for 16 weeks, starting from
two weeks after surgery. In a double-blind placebo-
controlled clinical trial involving 417 older patients
with an acute distal radius fracture, Lb. casei Shirota
speeded functional improvement. The treatment out-
comes of patients receiving probiotics at month 4 were
at comparable levels with those receiving placebo at
month 6, suggesting that probiotics may accelerate
the fracture healing process (Lei et al., 2016). A ran-
domized, placebo-controlled, double-blind, clinical
trial using Lb. reuteri 6475 (10'° CFU/day) indicated
that probiotic strain could decrease bone loss in older
women (75 to 80 years old) with low bone mineral
density (Nilsson et al., 2018).

In vitro, in vivo, and human clinical studies are
available on the association of probiotic supplementa-
tion with obesity (Sivamaruthi et al., 2019). In a study,
20 elderly obese women (aged >65 years) received
a hypocaloric Mediterranean diet administered alone
for two weeks and a diet enriched with a probiotic
mix for the following next two weeks (it contains Str:
thermophilus, B. breve, B. longum, B. infantis, Lb. aci-
dophilus, Lb. plantarum, Lb. paracasei, Lb. delbruec-
kii subsp. bulgaricus). The addition of probiotics to
the diet further decreased oxidative stress. Moreover,
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it increased the relative abundance of Akkermansia,
a mucin degrader with beneficial effects on host me-
tabolism. The weight of individuals decreased further,
and oxidative stress markers improved. These findings
suggest that the combined use of the balanced Medi-
terranean diet and probiotics, even in the short term,
may have significant beneficial effects on the intesti-
nal microbiota and risk profile in individuals with high
cardiometabolic risk, such as older obese people (Can-
cello et al., 2019).

Changes in the intestinal microbiota could affect
lipid and glucose metabolism and insulin activities.
In recent years, the increasing frequency of meta-
bolic diseases such as obesity, hyperglycemia, and
dyslipidemia resulted in a higher incidence of CVD
(Aggarwal et al., 2013). Epidemiological studies
have supported the relationship between total cho-
lesterol (TC) and increased cardiovascular risk. As
an alternative application, probiotic treatment has
shown a beneficial effect in TC regulation (Wang et
al., 2018). However, an unhealthy diet is a primary
factor for CVD morbidity. Intestinal bacteria can pro-
duce diet-derived metabolic products that can affect
the cardiovascular situation of a person. For example,
the circulating levels of branched-chain amino acid
metabolites, histidine, and tryptophan are associated
with vascular disease and insulin resistance. The gut
microbiome plays an essential role in CVD in several
ways. On the other hand, little is known regarding the
function of probiotic administrations in preventing
and treating CVD (Oniszczuk et al., 2021). Moreover,
pathogenic bacteria such as Campylobacter, Shigel-
la, Salmonella, Yersinia enterocolitica, and species
of genus Candida are highly abundant in the intes-
tine in patients with chronic heart failure compared
with the control group (Pasini et al., 2016). Cui et al.
(2018) observed essential differences in the composi-
tion of the intestinal microbiota between patients with
chronic heart failure and the control group. Notably,
Faecalibacterium prausnitzii decreased and Rumi-
nococcus gnavus increased in patients with chronic
heart failure.

DiRienzo (2014) reported a remarkable reduction
in the level of low-density lipoprotein-cholesterol
(LDL-C) for Lb. reuteri NCIMB 30242, Enterococ-
cus faecium (Ent. faecium), and the combination of
Lb. acidophilus La5 and Bifidobacterium lactis Bb12
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in a study of 26 clinical trials and two meta-analyses.
Lb. reuteri NCIMB 30242, which has GRAS status,
has been shown to remarkably reduce LDL-C and TC,
improving other coronary heart disease risk factors.
A total of 32 randomized controlled studies includ-
ing 1971 patients were examined. Serum TC was
found to significantly reduce in the probiotic group
compared with the control group. Particularly, Lb.
acidophilus, B. lactis and Lb. plantarum strains have
significant effects (Wang et al., 2018). Tenorio-Jimén-
ez et al. (2018) observed the association between the
consumption of Lb. reuteri V3401 for 12 weeks and
reduced CVD risk in adults aged 18 to 65 years with
insulin resistance syndrome. Another study showed
that patients with mild hyperglycemia and dyslipi-
demia (aged 45-75 years) who consumed B. bifidum
TMC3115 strain for three weeks have significantly
lower plasma TC and LDL-C levels. Firmicutes, Bac-
teroides, and Actinobacteria increased with the use of
TMC3115, whereas Proteobacteria and Fusobacteria
reduced. Serum triglycerides values correlated nega-
tively with the proportions of Bacteroidetes and Bac-
teroides. Proteobacteria proportion positively and
meaningfully correlated with fasting blood glucose
level (Wang et al., 2019).

No clear information exists on how long probiotics
should be administered to benefit from their positive
effects. In general, the duration of probiotic consump-
tion in studies varies between two and eight weeks.
Gao et al. (2019) studied the long-term (more than six
months) modulatory effect of probiotics on the intes-
tinal microbiota in individuals aged 3085 years. The
consumption of probiotics (B. longum, Lb. acidophi-
lus, and Ent. faecalis) contributed to a crucial profile
alteration in the relative abundance of the intestinal
microbiota. In addition, Flavobacterium, Brochothrix,
and Bifidobacterium contribute at the genus level in
the long-term group. Another critical piece of infor-
mation from studies was that the relative abundance
of Bifidobacterium was 11 times higher in the long-
term group than in the short-term group. Conversely,
a decline in the relative abundance of Enterococcus
was observed in the long-term group. These findings
suggest that the long-term intake of probiotics induces
essential changes in the gut microbiota structure and
increases the composition of beneficial microorgan-
isms and thus can help maintain host health.
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CONCLUSION

Probiotics could be a promising approach to prevent
and/or treat diseases in the elderly where traditional
treatments have failed. Evidence states that protecting
the gut microbial balance during aging is compulsory
for healthy late life. Probiotic intake induces signifi-
cant changes in the gut microbiota structure and in-
creases the composition of beneficial microorganisms
and thus may help maintain the health of the elderly
host. On the other hand, older people are typically
defined by weakened immune systems, gut dysbio-
sis, and/or impaired intestinal barriers, which require
careful consideration of the safety associated with the
deliberate consumption of probiotics. Further clinical
studies with more individuals and long-term interven-
tions are needed to provide evidence that probiotics
have health-promoting properties in the general popu-
lation of the elderly.
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