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ABSTRACT

Background: Dementia is a chronic syndrome characterized by cognitive and behavioral
symptoms, which may include short-term memory impairment and problems related to
orientation, language, attention and perception. Although cognitive impairment (ClI) is
increasingly considered the main geriatric condition predisposing to dementia, its early
management could still promote symptomatic relief and delay disease progression.
Recently, probiotics treatment has been studied as a potential new therapeutic approach
to attenuate dementia-related decline and mild cognitive impairment (MCI). Therefore,
we conducted a systematic review and meta-analysis to review and analyse the available

evidence on the effect of probiotics on MCI and dementia.

Methods: A systematic search and meta-analysis were performed on Cochrane Library,
ProQuest, Web of Science, PubMed-Medline, The Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Scopus, ScienceDirect and Open Grey. Search terms
included diagnoses of interest (dementia and MCI) and the intervention of interest
(probiotic, lactobacillus and bifidobacterium). Original articles reporting the use of
probiotics supplementation for the treatment of dementia and MCI were screened and
studied independently by two researchers. After that, a random and fixed effects model

was used at the meta-analysis stage of the results to determine its effect size.

Results: A total of 16 articles (10 preclinical and 6 clinical) that met the inclusion criteria
for the systematic review, and 15 articles (10 preclinical and 5 clinical) for meta-analysis
were finally included. In humans, the administration of probiotics improved general
cognitive function after the treatment period. Similarly, an improvement in memory and
spatial/non-spatial learning was identified in the probiotic group of animals compared to
the control group. On the other hand, the results showed an increase in the levels of the
brain-derived neurotrophic factor, an improvement in the inflammatory profile and

regulation of cellular biomarkers after probiotics administration.

Conclusion: Probiotics supplementation could be an adequate therapeutic strategy both
in dementia and CI based on clinical and preclinical evidence. However, it is therefore
important to translate preclinical data into clinical data where the evidence is more

limited.

KEYWORDS: probiotics, dementia, cognitive impairment, mild cognitive impairment,

cognitive decline, microbiota, systematic review and meta-analysis.



1. INTRODUCTION

Dementia is a chronic syndrome that affects the cognitive function of individuals,
interfering with basic activities of daily living and social performance (Lee, Kim, Lee,
Kim, & Kim, 2019). Approximately 47 million people worldwide suffer from dementia
and, according to demographic estimates, this number would grow to 130 million people
by 2050 if the prevalence of dementia remains constant today (Prince, Wimo, Guerchet,
Ali & Wu, 2015).

Dementia typically begins to become visible around the seventh or eighth decade of life
and worsens over time (Livingston et al., 2017). The most commonly detected initial
symptoms are impaired short-term memory, followed by other symptoms such as
withdrawal from hobbies or social activities, anxiety, depression and difficulties with
orientation, language, attention and perception (Arvanitakis, Shah, & Bennett, 2019).
Dementia is often preceded by a state called mild cognitive impairment (MCI),
characterized by relatively intact daily function despite objective evidence of cognitive
decline (Sanford, 2017). The transition of MCI to dementia is estimated to occur in 9.6%
of cases in specialist clinical settings and 4.9% in community studies (Mitchell & Shiri-
Feshki, 2009), whereas early interventions may foster symptomatic relief and delay

disease progression (Tangalos, 2018).

Dementia can be classified into four main types: Alzheimer's disease (AD), Vascular
Dementia (VD), Frontotemporal Dementia, and Dementia with Lewy bodies (Raz,
Knoefel, & Bhaskar, 2016). AD is the most prevalent type of dementia, accounting for
approximately 50 to 60% of all cases, followed by VD at 20% (Lee etal., 2019).
Currently, the etiology of AD is unknown, albeit there are different theories postulated
that would contribute to the development of the pathology. In this sense, the
amyloidogenic hypothess is one of the most widely accepted hypotheses due to the
presence of extracellular amyloid-beta (AB) deposits. However, multiple studies have not
been able to reach their primary clinical outcomes in this line, which has led to significant
concerns about this assumption (Hardy et al., 2014; Lopez et al., 2018; Sciacca, Tempra,
Scollo, Milardi, & La Rosa, 2018). Genetic studies have revealed the implication of four
genes: amyloid precursor protein (APP), presenilin 1 (PS1), presenilin 2 (PS2) and
apolipoprotein E (ApoE) (Parihar & Hemnani, 2004). APP is metabolized by B- and v-

secretases. Fragments of AP are added and deposited forming toxic and insoluble



aggregates known as amyloid plaques (AP) (Tiwari, Atluri, Kaushik, Yndart, &
Madhavan, 2019). The presence of neurofibrillary tangles (NFT) at the intracellular level
Is another characteristic alteration in AD. NFT are composed of helical filaments of
abnormally hyperphosphorylated Tau protein. Physiologically, Tau acts by stabilizing the
microtubules and thus promoting axonal transport. Therefore, its disordered accumulation
leads to neuronal death (Lowe et al., 2018). Complementarily, a deterioration of brain-
derived neurotrophic factor (BDNF) signaling has been shown in early stages of the
disease associated with synaptic loss and cognitive impairment (ClI) in patients and animal
models of AD (Holsinger, Schnarr, Henry, Castelo, & Fahnestock, 2000; Peng et al.,
2009). Furthermore, AD implicates an alteration in cholinergic system, although

serotonin and noradrenergic systems dysfunction has also been described.

Pharmacological treatment may help improve thinking ability or change mood or
behavior, but the benefits are limited (Dyer, Harrison, Laver, Whitehead, & Crotty, 2018).
The gold treatment is cholinesterase inhibitors, which provide limited short-term
cognitive benefits, whilst their clinical value remains a matter of controversy, considering
the risk of side effects (Tricco et al., 2013; Hill et al., 2017). Indeed, the regulation of
Amyloid-p protein precursor (ABPP) phosphorylation by small molecules is a novel
therapeutic intervention for AD (Chen et al., 2019) . However, several studies have shown
a reduction in A load in the brain, but with the lack of beneficial effects on cognitive
outcome measures, as well as impaired brain function (van der Kant, Goldstein, &
Ossenkoppele, 2020). In addition, non-pharmacological strategies such as cognitive
stimulation, music therapy, virtual reality, animal therapy or hyperbaric oxygen therapies
are also frequently used (Garcia-Soldevilla et al., 2019; Harch & Fogarty, 2018; You
etal., 2019).

In recent years, several studies have shown a relationship between mental disorders such
as AD, Parkinson's or depression and gut microbiota (GM) alterations (Aizawa et al.,
2016; Keshavarzian et al., 2015; Vogt etal., 2017; Wallace & Milev, 2017). This
relationship is based on the role of the gut-brain axis (GBA) as a bidirectional
communication pathway between the gastrointestinal tract and the brain (Cryan et al.,
2019; Dinan & Cryan, 2017). In this sense, probiotics, prebiotics, symbiotics, faecal
transplantation, among other strategies, have shown a modulating capacity in GM. Even
so, the term psychobiotic has also been used, as a probiotic administered in adequate

quantities confers health benefits to patients with psychiatric disorders (Cheng, Liu, Wu,



Wang, & Tsai, 2019; Parmar, 2016; Sarkar et al., 2016). On this wise, anxiety and
memory, functions that are altered in patients with dementia and Cl are among the
functions improved by the administration of probiotics (Jang, Lee, & Kim, 2019; Parashar
& Udayabanu, 2017; Sharma & Singh, 2016). Therefore, the aim of this study is to review
and analyse the available evidence on the effect of probiotics on MCI and dementia, as
probiotics could attenuate or improve the Cl associated with dementia or prevent

cognitive decline.

2. MATERIALS AND METHODS

A systematic review and meta-analysis of clinical trials and preclinical studies published
to date were carried out in March 2020. For this, the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) (Moher et al., 2009) and CAMARADES
(Collaborative Approach to Meta-Analysis and Review of Animal Data from
Experimental Studies) (Vesterinen et al., 2014) recommendations were followed, and the
Cochrane Manual of Systematic Reviews was also considered (Higgins & Green, 2011).
The protocol for this review was registered in PROSPERO (CRD42020188895). The
structured Patient-Intervention-Outcomes question (P1O) (Stone, 2002) was used as
follows: Are probiotics able to attenuate or improve the cognitive decline associated with
dementia or MCI?

2.1. Data sources / information sources

A total of eight electronic databases were used for the search: Cochrane Library,
ProQuest, Web of Science, PubMed-Medline, The Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Scopus, ScienceDirect and Open Grey. In addition,

this search strategy was complemented by a snowball strategy.

In order to identify potential studies in electronic databases, using the PIO question as
reference, the search strategy was used through a combination of natural and structured
language, by using the Medical Subject Heading (MeSH) thesaurus (Table 1). After a
preliminary search, it was agreed that outcome keywords for the final searches should be

excluded as the available research was found to bee too limited.

INSERT TABLE 1 AROUND HERE



2.2. Study eligibility criteria

Studies included in this review were considered eligible if they met the following

inclusion criteria:

Randomised controlled trials (RCTSs) or preclinical studies.
Interventions which included the administration of probiotics, independently of

their form of presentation.

Studies on patients or animal models of dementia or CI.

Reviews, safety studies, non-randomized trials, conference publications, book chapters,

trials with inadequate descriptions of intervention, and studies with only a theoretical

approach to cognitive disorders were excluded. Studies were not excluded by date or

language criteria.

2.3. Study selection and methodologic quality

The process of selection and analysis of the studies were carried out independently by

two researchers (CR, LR). In case of discrepancy, another researcher (PR) was consulted.

Likewise, the evaluation of the methodological quality of the full text articles was carried

out in pairs, following the same procedure described. The following instruments were

used for the evaluation process, according to the type of article:

COCHRANE COLLABORATION Checklist for Clinical Trials (Higgins et al.,
2011). This instrument consists of 7 items: random sequence generation,
allocation concealment, blinding of participants and staff, blinding of evaluators
of results, incomplete outcome data, selective reporting of results and other biases
(Higgins et al., 2011). Each of these will be scored as ‘criteria for a low risk of
bias assessment' (&, ‘criteria for a high risk of bias assessment' @ or ‘criteria for

an unclear risk of bias assessment' (2,

Systematic Review Centre for Laboratory Animal Experimentation (SYRCLE'S)
tool for preclinical testing (Hooijmans et al., 2014). This instrument consists of 10
evaluation items (sequence generation, baseline characteristics, allocation
concealment, random housing, blinding of the investigator, random outcome

assessment, blinding of outcome evaluators, incomplete outcome data, selective



outcome reporting and other sources of bias) (Hooijmans et al., 2014). Similarly,
each section will be given a rating of "high" (@, "low" (%) or "unclear" (2) risk
of bias.
The primary outcomes obtained in the selected articles describe the changes in the general
cognitive function (memory, attention, language, orientation and learning), as well as the
modifications observed in the BDNF levels of patients and animal models of AD and
MCI. Moreover, secondary outcomes related to the histological and biochemical
characteristics of the participants were also observed, such as synaptic plasticity,

oxidative stress markers, cellular apoptosis or enzymatic levels.

2.4. Data extraction
The data from the selected studies included the following information: (1) reference; (2)
country; (3) participants; (4) probiotic strain used; (5) duration of intervention; (6)

variables analysed; (7) data collection tool and (8) main results.

In the situation that the results were only available in graphical format, data were
extracted using the WebPlotDigitizer graph scanning software (Rohatgi, 2017). This
software has previously been used in other reviews and meta-analyses and has been
shown to be a valid method for extracting the data from studies (Guyot, Ades, Ouwens,
& Welton, 2012; Tsafnat et al., 2014).

2.5. Statistical analyses

Meta-analysis of preclinical and clinical studies was performed with Review Manager
(RevMan) software version 5.3 (The Cochrane Collaboration, 2014, Nordic Cochrane
Center, Copenhagen, Denmark).

2.5.1. Effect size

The effect size was calculated from differences in means (MD) and standard deviation
(SD) between intervention and control groups. For each variable analysed, the following

tests were included:

- General cognitive function: Mini-Mental State Examination (MMSE), Repeatable
Battery for the Assessment of Neurophychological Status (RBANS) and Test
Your Memory (TYM).



- Spatial and non-spatial memory: Morris Water Maze test (MWM), Y- Maze test
(Y-MT) and Passive Avoidance Test (PAT).

- BDNF: Values obtained through Western Blot, ELISA or Reverse Transcription
PCR methods.

The studies included in the meta-analysis had to meet the following characteristics: (I)
controlled clinical trials with random allocation to the probiotic group or placebo; (1)
provide the mean, SD or standard error (SE) of the data obtained in each of the groups
analysed. One article was excluded from the meta-analysis because it did not meet the

second criteria and its data reported made meta-analysis impossible.

2.5.2. Heterogenity and publication bias

Depending on the degree of heterogeneity obtained, either a random-effects model or a
fixed-effects model was used,. When 12 was > 50%, indicating significant heterogeneity,
a random-effects model was used for meta-analysis. When 12 was < 50%, indicating no
heterogeneity, a fixed-effect model was used. The analysis was represented at the Forest

Plot. A value of p <.05 was considered significant.

Sensitivity analysis was used to observe the extent to which our results and conclusions
were affected by changes in the data or the aim of the analysis. If the conclusions
remained unchanged when the sensitivity analysis was applied, those conclusions were
considered to be sound. In order to do this, each of the studies was excluded independently
to identify those studies that significantly influenced the findings.

3. RESULTS

Out of a total of 1985 eligible articles listed in the initial search, 16 articles (10 preclinical
and 6 clinical) that met the inclusion criteria for the systematic review, and 15 articles (10
preclinical and 5 clinical) for meta-analysis were finally included. Figure 1 shows the

process for identifying and selecting studies.
INSERT FIGURE 1 AROUND HERE
3.1. Included studies

Table 2 shows the main characteristics of the included preclinical studies. 5 (50%) of

them used rats as research subjects (Hwan Oh, Nam & Choi, 2020; Jeong, Woo, Kim,



Han, & Kim, 2015; Nimgampalle & Yellamma, 2017; Rezaei Asl et al., 2019; Rezaeiasl
et al., 2019), while the other 5 used mice (Abraham et al., 2019; Corpuz et al., 2018;
Kobayashi et al., 2017; Liu et al., 2015; Ni et al., 2019). The probiotics used were of the

genera Lactobacillus, Bifidobacterium and Clostridium.

Half of the investigations (50%) were focused on animals models of AD induced after
intracerebroventricular administration of AB (Kobayashi et al., 2017; Rezaei Asl et al.,
2019; Rezaeiasl et al., 2019), after intraperitoneal administration of D-Galactose
(Nimgampalle & Yellamma, 2017) or with the use of APP/PS1 transgenic mice (Abraham
et al., 2019). One study (10%) used mice with induced VD after unilateral occlusion of
the right common carotid artery (rUCCAO) (Liu et al., 2015). In addition, four studies
(40%) analysed the effect of probiotics in animals with CI associated with aging, using
14- and 10-month-old mice (Corpuz et al., 2018; Ni et al., 2019), as well as 12- and 18-
month-old rats (Hwan Oh et al. 2020; Jeong et al. 2015)

INSERT TABLE 2 AROUND HERE

Table 3 shows the main characteristics of the clinical studies included. In relation to the
design of the clinical studies, all of them identified their research as a RCT (Agahi et al.,
2018; Akbari et al., 2016; Hwang et al., 2019; Kobayashi, Kuhara, Oki, & Xiao, 2019;
Tamtaji et al., 2019; Xiao et al., 2020). In half of the included studies (50%), the sample
consisted of patients diagnosed with AD (Agahi et al., 2018; Akbari et al., 2016; Tamtaji
et al., 2019); the remaining studies focused on individuals with MCI (Hwang et al., 2019;.
Kobayashi et al., 2019; Xiao et al., 2020). The age range for selection of the participants
differed in each study, ranging from 50 to 100 years. The most commonly used probiotics
belonged to the genera Lactobacillus and Bifidobacterium, with an average length of

treatment of 12 weeks.
INSERT TABLE 3 AROUND HERE
3.2. Methodological quality: assessment of bias

Figure 2A presents the assessment of the methodological quality and potential risk of bias
of the included preclinical studies, evaluated using the SYRCLE'S scale. With the
exception of the study by Rezaei Asl and colleagues (2019), most preclinical trials
showed a questionable risk of bias in aspects such as describing their randomization and

blinding process. Figure 2B shows the overall score for each item. It can be seen that both



the blinding of the evaluators of the results, the randomization for the same and the
masking of the assignment are items that represent ceratin doubts, since the procedure
used for these are not clearly described. Similarly, the blinding process for the evaluation,
the allocation process and the description of the characteristics of the reference group

were those with the highest risk of bias.
INSERT FIGURE 2 AROUND HERE

In relation to the clinical trials, Figure 3A shows the assessment of the methodological
quality and possible risk of bias of the included studies, evaluated using the Cochrane
Collaboration scale. The studies by Tamtaji and collaborators (2019) and Xiao (2020),
showed a low risk of bias; the majority of trials (66,7%) reflected a doubtful risk of bias
(Agahi etal., 2018; Akbari et al., 2016; Hwang et al., 2019; Kobayashi et al., 2019).
Figure 3B shows a graph with the overall score in each item. It can be seen that both the
blinding of participants, researchers and evaluators and the assignment process are the

items of greatest doubt, since the procedure used for these are not clearly described.
INSERT FIGURE 3 AROUND HERE

3.3. Dementia
3.3.1. Alzheimer's disease

A total of 5 preclinical studies evaluated the effect of probiotics on cognitive function in
animal models of AD (Abraham et al., 2019; Kobayashi et al., 2017; Nimgampalle &
Yellamma, 2017; Rezaei Asl et al., 2019; Rezaeiasl et al., 2019). The study conducted by
Nimgampalle and colaborators (2017) analysed the result after 60 days of administration
of Lactobacillus plantarum MTCC1325 in rat model of AD, observing a significant
reduction (p < .05) in the escape latency compared to control group (CG), indicating an
improvement in memory and spatial learning. In the same line, the investigations by
Rezaeiasl and collaborators (2019) and Rezaei Asl (2019) showed a significant decrease
(p < .004) in the escape latency in rats that consumed the same multi-species probiotic
during 6 and 8 weeks respectively, although no significant differences were observed in
the total distance traveled, the speed of movement and the total time spent on the hidden
platform, compared to the CG (Rezaeiasl et al., 2019).

In relation to non-spatial and working memory, Kobayashi and collaborators (2017)
showed that oral intake of Bifidobacterium breve Al in mice significantly increased the
latency time in PAT (p < .05) and the number of alternations in Y-MT (p < .001).



Likewise, the study by Abraham and collaborators (2019) evaluated the effect of physical
exercise together with the administration of a multi-species probiotic (Bifidobacterium
longum and Lactobacillus acidophilus) in mice model of AD, observing a significant
decrease in the escape latency (p < .05) and an increase in the number of alternations (p

< .005) compared to the physical exercise only group and to the CG.

At the biochemical and histological level, Nimgampalle & Yellamma (2017) showed a
significant increase (p < .05) in ACh levels followed by a decrease in AChE in the
hippocampus and cerebral cortex. Similarly, animal models that received the probiotic
improved in synaptic plasticity and decreased in AP and MDA oxidative index (Abraham
et al., 2019; Rezaei Asl et al., 2019; Rezaeiasl et al., 2019).

Despite the extensive results observed in preclinical research, clinical studies are still
limited, with only 3 studies evaluating the role of probiotics on general cognitive function
in individuals who are suffering AD (Agahi et al., 2018; Akbari et al., 2016; Tamtaji
etal., 2019). In this sense, the study conducted by Akbari and collaborators (2016)
showed that the administration of a multi-species probiotic for 12 weeks significantly
minimized CI (p < .001), measured through the MMSE, compared to CG. Besides, the
combination of a multi-species probiotic with selenium over a 12-week period
significantly improved the MMSE score (p <.001), compared to the CG and the selenium-
only group (Tamtaji etal., 2019). However, the research conducted by Agahi and
collaborators (2018) did not find a significant improvement in cognitive function (p =
0.82 ), as measured by the TYM test, after 12 weeks of treatment with a multi-species

probiotic.
3.3.2. Vascular Dementia

Only the article by Liu and collaborators (2015) explored the role of probiotics in VD.
Their results showed a significant decrease in escape latency (p <.05) and increased time
spent on the platform quadrant (p <.001) in mice treated with Clostridium butyricum for

6 weeks, suggesting an improvement in memory and spatial learning.

In relation to histological and biochemical characteristics, the probiotic succeeded in
attenuating morphological changes in the cells of the hippocampus and significantly
raising BDNF levels (p <.001). In addition, there was also evidence of an increase in the
ratio pAkt/Akt and Bcl-2/Bax, which resulted in a reduction in cell apoptosis (Liu et al.,
2015).



3.4. Cognitive Impairment

The effect of probiotics in Cl was evaluated in four preclinical studies (Corpuz et al.,
2018; Hwan Oh et al., 2020; Jeong et al., 2015; Ni et al., 2019). In relation to memory
and learning, Corpuz and collaborators (2018) carried out a study to analyse the impact
of the probiotic Lactobacillus paracasei K71 on the cognitive state of mice with
accelerated senescence. Their results indicated an improvement in spatial and non-spatial
memory compared to the CG and the Lactobacillus 327 group, characterized by a
significant reduction in escape latency (p < .05), an increase in platform area time and in
latency time (p < .05). In addition, Jeong and collaborators (2015) observed that
administration of Lactobacillus pentosus var. plantarum C29 for 8 weeks in a group of
Cl rats showed a significant decrease in escape latency, increased time on the hidden

platform and an increase in the number of alternations compared to CG.

In the same line, Ni and collaborators (2019) compared the efficacy of two different
probiotics, Lactobacillus casei and Bifidobacterium longum, on memory and learning in
elderly mice with CI. Their results showed a reduction in the escape latency in both
treatment groups, being significantly lower (p < .05) in the mice treated with
Bifidobacterium longum. The discrimination and recognition rate increased significantly
(p < .05) after administering both probiotics. Aditionally, avoidance frequencies were
increased in both groups (p < .001), indicating an improvement in learning ability (Ni
etal., 2019).

The study by Hwan Oh and collaborators (2020) showed that the administration of the
glycoprotein from Capsosiphon fulvescens together with the probiotic Lactobacillus
plantarum potency improved spatial memory in ClI rats. Thus, a significant reduction in
the escape latency (p < .005) was observed, compared to the mono-treatment of the

glycoprotein or the probiotic.

Neurophysiologically, Corpuz and collaborators (2018) and Jeong (2015) observed a
significant increase (p < .05) of the biomarkers of neuronal plasticity (BDNF and p-
CREB) in the hippocampus of animals with CI after administering the probiotic, but not
significant differences were observed in the cerebral cortex. Antioxidant Nrf2 proteins
levels and neurodegenerative factors (Sirtl, FoxO1, FoxO3, P27 and Wisp 1) were also
increased (p < .05) after probiotics treatment in older animals (Hwan Oh et al., 2020; Ni
etal., 2019).



On the other hand, three clinical trials have been developed to understand the effect of
probiotics on the cognitive function of individuals with ClI (Hwang etal., 2019;
Kobayashi et al., 2019; Xiao et al., 2020). In this regard, research by Kobayashi et al.
(2019) studied the effect of Bifidobacterium Breve Al in older adults with MCI for 12
weeks. Their results showed an improvement in language, attention, orientation and
calculation (RBANS), both in the CG and in the probiotic group (PG). Similarly, the total
MMSE score did not differ between both groups, although a significant increase in site
orientation (p <.001), calculation (p < .05) and language (p < .001) was observed in the
PG. The effect of this probiotic was also evaluated in a recent study by Xiao et al. (2020),
in which the administration of Bifidobacterium Breve Al for 16 weeks significantly (p <
.0001) improved the overall RBANS score in MCI patients, especially in immediate

memory, visuospatial, and delayed memory domains.

The effect of the probiotic Lactobacillus Plantarum C-29 on adults with MCI after 12
weeks of treatment was analysed by Hwang and collaborators (2019). Their results
reflected a significant improvement in the cognitive function of the PG compared to the
CG (p =.02), especially in the attention domain (p = .02). Furthermore, this improvement
was associated with higher serum BDNF levels after probiotic consumption (p = .007)
(Hwang et al., 2019).

3.5. Meta-analysis results

A total of 15 articles were included in the meta-analysis (10 preclinical and 5 clinical).
The meta-analysis was performed on the effect of probiotics on general cognitive

function, on spatial and non-spatial memory, and on BDNF levels.
.3.5.1. Effect of probiotics on general cognitive function

A total of 5 clinical studies evaluated the effect of probiotics on general cognitive function

(Agahi et al., 2018; Akbari et al., 2016; Kobayashi et al., 2019; Tamtaji et al., 2019; Xiao

etal., 2020). Meta-analysis of MMSE, RBANS or TYM test scores show an overall

significant effect (p <.0001) (Figure 4), with a high heterogeneity observed (12=99%).
INSERT FIGURE 4 AROUND HERE

3.5.2. Effect of probiotics on spatial and non-spatial memory
A total of 10 preclinical studies evaluated the effect of probiotics on spatial and non-

spatial memory (Abraham et al., 2019; Corpuz et al., 2018; Hwan Oh et al., 2020; Jeong



etal., 2015; Kobayashi etal., 2017; Liu et al., 2015; Ni etal., 2019; Nimgampalle &
Yellamma, 2017; Rezaei Asl et al., 2019; Rezaeiasl et al., 2019). Figure 5 shows the meta-
analysis on spatial memory (10 studies; n=179), which showed a moderate heterogeneity
(12 = 40%) with a significant improvement attributable to the PG (Z= 12.07; p < .00001).
In non-spatial memory (2 studies; n=40) the meta-analysis showed a moderate
heterogeneity (12 = 33%) with a significant improvement in favor of the PG (Z= 2.50; p
=.01) (Figure 6).
INSERT FIGURE 5 AND 6 AROUND HERE

3.5.3. Effect of probiotics on BDNF levels

A total of 4 preclinical studies examined the effect of probiotics on BDNF levels (Corpuz
etal., 2018; Jeong et al., 2015; Liu et al., 2015; Ni et al., 2019). Figure 7 shows the meta-
analysis (4 studies; n=58) with a high heterogeneity (12 = 62%) and a significant increase
in BDNF levels after probiotic administration (Z= 7.82; p < .00001).

INSERT FIGURE 7 AROUND HERE
In relation to the sensitivity analysis, the results revealed no significant changes in the

total effects with respect to subgroups.

4. DISCUSSION

The aim of this systematic review and meta-analysis was to review and analyse the
available evidence about the effect of probiotics supplementation on MCI and dementia.
To our knowledge, this systematic review and meta-analysis is the first to summary data
that includes preclinical and clinical evidence on how effective certain probiotics are in

modulating cognitive function loss seen on dementia and ClI patients.

We reviewed the effects of probiotics on multiple cognitive functions in both patients and
animal models of dementia and CI. Results suggest an improvement in spatial and non-
spatial memory and in cognitive status. In addition, probiotics supplementation improves
the biochemical and histology measures related with them (BDNF and p-CREB, between
others). According to the cognitive status, our systematic review and meta-analysis found
an improvement both in PG and CG. This improvement was observed after administration
of Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus fermentum,
Lactobacillus plantarum, Bifidobacterium bifidum, Bifidobacterium Breve Al, and
Bifidobacterium longum over a time period of 2 weeks to 16 weeks, primarly in language,
attention, orientation and calculation domains (Akbari et al., 2016; Hwang et al., 2019;



Tamtaji et al., 2019; Xiao et al., 2020). However, this improvement in cognitive status
was not found in the study of Agahi and collaborators (2018) after the administration of
a multi-probiotic. It is interesting to note that improvement was significant in trials
assessed by MMSE, the most commonly used; given that only two trials used other tests:
RBANS and TYM. In this sense, MMSE has been the most used screening instrument for
decades, being accurate for the detection of AD (Pinto et al., 2019). Thus, more studies
evaluating probiotics supplementation on AD or other dementia are needed to explore

their effects using other triage tests, such as Montreal Cognitive Assessment (MOCA).

In relation to memory, our findings suggest a significant improvement attributed to
probiotic intervention in spatial and non-spatial memory, both in preclinical and clinical
evidence (Abraham et al., 2019; Akbari et al., 2016; Corpuz et al., 2018; Hwan Oh et al.,
2020; Hwang et al., 2019; Jeong et al., 2015; Kobayashi et al., 2017; Liu et al., 2015; Ni
etal., 2019; Nimgampalle & Yellamma, 2017; Rezaei Asl et al., 2019; Rezaeiasl et al.,
2019; Tamtaji et al., 2019). This memory improvement after probiotic treatment was

observed in both AD subjects and CI subjects following multi-probiotic administration.

Therefore, our meta-analysis provides evidence that probiotics could be potential
candidates for the control or prevention of age-related dementia and age-related CI.
However, specific underlying mechanisms of this Cl should be elucidated. Several studies
reviewed supported the cognitive improvement in AD or animal models with biochemical
and histology measures. In fact, the administration of probiotics restore synaptic plasticity
(Rezaei Asl etal., 2019; Rezaeiasl etal., 2019), prevent the accumulation of AP
(Abraham et al., 2019; Rezaei Asl et al., 2019) and modulate the levels of BDNF and cell
cycle biomarkers (Liu et al., 2015; Rezaei Asl et al., 2019) in animals models of AD. In
the same line, an increased protein expression of BDNF and CREB phosphorylation in
the hippocampus was observed after probiotic treatment in rodents with CI (Corpuz et al.,
2018; Jeong et al., 2015). Additionally, after co-administration of glycoproteins from
edible algae Capsosiphon fulvescens along with L. plantarum in aged rats showed an
improvement in spatial memory involving BDNF signaling in the dorsal hippocampus,
as well as a down-regulated relationship between eEF2 kinase and JNK (Hwan Oh et al.,
2020). Moreover, a combination of Lactobacillus casei LC122 and Bifidobacterium
longum BL986 increased the secretion of mucin and tight junction as Claudin 1 or zonula
occludens-1 in colon, as well as increased the expression of BDNF in the hippocampus
of aged mice (Ni et al., 2019).



Both preclinical and clinical results have shown a potential and important role of GM in
the etiology or pathogenesis of dementia and CI through the GBA; however, the exact
mechanisms of Cl and dementia is not completely understood. In general, it has been
suggested that problems in the composition of the GM may be a contributor for behavioral
disorders. For example, the bacterial fecal composition was modified in transgenic mice
for APP, increasing bacteria of the genus Rikenellaceae, while Akkermansia and
Allobaculum were shown to decrease (Harach etal., 2017). Inducing dysbiosis to a
Drosophila AD model resulted in increased brain neuronal loss, while locomotor activity
and life expectancy decreased. Besides, the alteration of the intestinal composition

aggravated the inflammation in the brain of these flies (Wu, Cao, Chang, & Juang, 2017).

There are various theories that would contribute to the development of the pathology, for
example: bacterial metabolites and amyloids can trigger central nervous system
inflammation and cerebrovascular degeneration; impaired GM flora inhibits the
autophagy-mediated protein clearance process; and gut microbiomes can change the
neurotransmitter levels in the brain through vagal afferent fibres (Bostanciklioglu, 2019).
Indeed, a recent systematic review has related the GM with the glutamate metabolism,
suggesting that d-glutamate metabolized by the gut bacteria may influence the glutamate
NMDAR and cognitive function in dementia patients (Chang, Lin, & Lane, 2020).

Some of the mechanism discussed in the literature implicate GM dysbiosis associated
with AD, that could affect short-chain fatty acid (SCFA) metabolism. In this sense,
SCFAs are capable of potently inhibiting Ap aggregations, protecting against AD. Indeed
that SCFAs could regulate microglia homeostasis (reviewed in Shen & Ji, 2018).
Bacterial-produced amyloids differ from brain amyloid in their structure, but are able to
enhance an immunity response and even E.coli infection increases neuronal alpha-
synuclein deposition in both gut and brain in rats (Chapman et al., 2002; Chen et al.,
2016). AP is recognized as an antimicrobial peptide participating in the innate immune
response, which their seeding and propagation may occur at different levels of the GBA,;
including neuron-to-neuron or distal neuron spreading, direct blood-brain barrier crossing
or via other cells as astrocytes, fibroblasts, microglia, and immune system cells (Kowalski
& Mulak, 2019).

In addition, the systemic inflammation and disruption of physiological barriers could be
related with the GM disruption, given that gut inflammation and dysbiosis are directly

associated with gut barrier dysfunction and increased intestinal permeability that can



contribute to the process of neurodegeneration (Khan, Ikram, Park, Park, & Kim, 2020).
Furthermore, in AD patients, neuroinflammation has been reported, expressed by
activation of microglia, reactive astrocytes, and complement in the vicinity of AP. And
in that way, the AP has a key and fundamental action (Kowalski & Mulak, 2019).

Another critical aspect in dementia’s physiology is BDNF protein, which is essential for
neuronal development, differentiation, survival, and neuronal plasticity, and their
expression is crucial for preserving brain function in cognitive processes. Circulating
BDNF levels decrease with aging, also related to reduced hippocampal volume and poorer
memory performance (Erickson et al., 2010). A deterioration of BDNF signaling has been
shown in the early stages of the disease associated with synaptic loss and CI in patients
and animal models of AD (Holsinger et al., 2000; Peng et al., 2009). In that sense, our
meta-analysis showed a significant increase of BDNF after probiotic administration
(Corpuz et al., 2018; Jeong et al., 2015; Liu et al., 2015; Ni et al., 2019).

Probiotics administration is able to restore synaptic plasticity (Rezaei Asl et al., 2019;
Rezaeiasl et al., 2019), preventing the accumulation of AP (Abraham et al., 2019; Rezaei
Asl etal., 2019) and efficiently modulating the neurotrophin (BDNF) and cell cycle
biomarker levels (Liu et al., 2015; Rezaei Asl et al., 2019). In the study of Azm et al.
(2017), their results showed an improvement in the oxidative stress biomarkers and a
reduction of plaques in rats that received a multi-species probiotic, as well as the
suppression of microglia and pro-inflammatory cells activation compared to mice in the
CG (Azm etal., 2017; Bonfili et al., 2017). Furthermore, several studies have observed
an increase in BDNF levels and CREB phosphorylation in the hippocampus, indicating
an improvement in cognitive function compared to the CG (Corpuz et al., 2018; Jeong
etal., 2015). Similar results were obtained in the research by Hwan Oh et al. (2020),
where the combination of Lactobacillus plantarum and Cf-hGP increased both BDNF
and Nrf2 phosphorylation, and decreased JNK phosphorylation compared to rats of
advanced age, providing protection against oxidative stress. In the same vein, Ni et al.
(2019) demonstrated that the characteristic reduction of neurodegenerative and
neurotrophic factors in ClI can be reversed with the consumption of probiotics, protecting
animals against these changes. However, the research by Chung et al. (2014) did not
obtain differences in BDNF levels between CG and PG.

Likewise, among cognition benefits associated with the probiotic consumption, several

research has evaluated the effects of probiotics on Cl-related deseases (Ceccarelli et al.,



2017; Liang et al., 2015; Luo et al., 2014; Perez-Pardo et al., 2017; Roman et al., 2018;
Rudzki et al., 2019; Savignac, Tramullas, Kiely, Dinan, & Cryan, 2015). For example,
the improvement of impulsivity and decision-making on patients diagnosed by

fibromyalgia, after the administration of a multi-probiotic formulation.

Although our aim was to explore probiotics effects, other interventions that modulate GM
have also shown a cognitive improvement in AD patients. In this manner, improvement
in spatial learning ability, oxidative stress, inflammation and neurotransmitter synthesis
was observed after prebiotic administration in AD rats (Chen et al., 2017). Furthermore,
cell apoptosis and AP deposition were reduced. Similar results were found in the study
by Chunchai and collaborators (2018), where, the administration of a xylooligosaccharide
formula also reduced microglial function, restored synaptic plasticity and attenuated
cerebral mitochondrial dysfunction in rats with induced dementia. In the study of Romo-
Araiza et al. (2018), co-administration of the probiotic Enterococcus faecium with agave
inulin for five weeks showed an improvement in spatial learning and memory,
inflammatory status, BDNF, and butyrate levels, providing greater protection against age-
related CI. Similarly, Nagpal and colleagues (2019) demonstrated that a ketogenic
Mediterranean diet improved cognitive status and restored GM in individuals with CI

compared to the CG.

Moreover, symbiotics, the combination of both prebiotic and probiotic, improved
memory, visuospatial and abstraction skills, executive function and language in patients
with AD. Also, a decrease in inflammatory markers and oxidative stress, as in cellular
apoptosis was observed after its administration (Ton et al., 2020). Another potentially
treatmen therapeutic option is fecal microbiota transplantation, where an improvement in
memory spatial was observed that was accompanied too by decreased phosphorylation of
tau protein and the levels of Ap40 and Ap42, as well as reversing the changes of GM and
SCFAs (Sun et al., 2019).

In this systematic review and meta-analysis, we have focused only on the treatment-
related with the GM, however, another study proposed that GM could be used as
diagnostic criteria for AD. For example, by means of new types of biomarkers such as
neuroinflammatory indices and mMRNA, or by identifying and validating specific bacterial
taxa sensitively altered in AD patients, helping to predict or detect AD and enhance the
detection accuracy. Nevertheless, GM-based diagnosis is still premature with the current
data available (Shen & Ji, 2018).



However, this systematic review and meta-analysis is not free of limitations. Firstly, most
of the existing research exploring the potential modulation effects of probiotics on
cognitive function have been conducted in animal models. Indeed, comprehensive
profiling of GM composition and functionality was carried out in only six studies
analysed (Abraham et al., 2019; Hwang et al., 2019; Kobayashi et al., 2017; Liu et al.,
2015; Ni et al., 2019; Rezaei Asl et al., 2019). It is worth noting that the studies reviewed
used different strains of probiotics, the majority of which used multi-strain probiotics. In
this sense, it is difficult to discern which strain can produce the effects and therefore,
further research on the evaluation of individual strains is required to identify strains that

may have positive effects on CI.

5. CONCLUSION

Based on the results of this systematic review and meta-analysis, probiotics
supplementation could be an adequate therapeutic strategy both in dementia and CI based
on clinical and preclinical evidence. The most widely used probiotic strains were from
the genera Lactobacillus and Bifidobacterium, highlighting the species L. acidophilus and
B. bifidum in the preclinical studies, and species B. longum in the clinical trials. Having
said that, additional research is needed to conclude on the specificity of the strain on this

population.

Several pathogenesis mechanisms suggest the relation between GM and these medical
conditions, such of these are the central nervous system inflammation and
cerebrovascular degeneration, inhibitions of the autophagy-mediated protein clearance
process and changes in brain neurotransmitter levels. However, as of this writing, the
results are limited. So then it is necessary to translate the preclinical data into clinical
data, where the evidence is more scarce. In addition, clinical studies could explore the
effects of other microbiota modulators, such as prebiotics, synbiotics, or fecal

transplantation, given that these strategies are almost unexplored.
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FIGURE 1. Flow diagram (study selection methodology) for the

systematic literature review process.

FIGURE 2. (A) Methodological quality of the preclinical trials
included (n=10). (B) Graph of the methodological quality of the
preclinical trials inlcuded.

FIGURE 3. (A) Methodological quality of the clinical trials
included (n=6). (B) Graph of the methodological quality of the
clinical trials included.

FIGURE 4. Forest plot displaying the effect of probiotics treatment

on general cognitive function.

FIGURE 5. Forest plot displaying the effect of probiotics treatment

on spatial memory.

FIGURE 6. Forest plot displaying the effect of probiotics treatment

on non-spatial memory.

FIGURE 7. Forest plot displaying the effect of probiotics treatment
on BDNF levels.



Table 1. Search strategies used in each database.

DATABASE

SEARCH STRATEGY

PubMed-Medline

(((probiotics]MeSH Terms]) OR lactobacillus[Title/Abstract]) OR
bifidobacterium[Title/Abstract])) AND (((((((((qut[Title/Abstract]) OR
gut[MeSH Terms]) OR microbiota[Title/Abstract]) OR microbiota
[MeSH Terms]) OR microbiome[Title/Abstract]) OR gastrointestinal
microbiome[MeSH Terms]) OR fecal microbiota[Title/Abstract])) AND
(((((((alzheimer disease[MeSH Terms]) OR alzheimer's
disease[Title/Abstract]) OR alzheimer's dementia[ Title/Abstract]) OR
cognitive frailty[Title/Abstract]) OR dementialMeSH Terms]) OR
cognitive[Title/Abstract]) OR mild cognitive impairment[Title/Abstract])

Scopus

probiotics OR lactobacillus OR bifidobacterium AND gut OR gut OR
microbiota OR microbiota OR microbiome OR "gastrointestinal
microbiome” OR "fecal microbiota™ AND "alzheimer disease" OR
"alzheimer's disease” OR "alzheimer's dementia” OR "cognitive frailty"
OR dementia OR cognitive OR "mild cognitive impairment"

Web of Science
Cochrane Library
ProQuest
CINAHL
Science Direct

probiotics OR lactobacillus OR bifidobacterium AND gut OR gut OR
microbiota OR microbiota OR microbiome OR gastrointestinal microbiome
OR fecal microbiota AND alzheimer disease OR alzheimer's disease OR
alzheimer's dementia OR cognitive frailty OR dementia OR cognitive OR
mild cognitive impairment

Open Grey

Probiotics AND microbiota




Table 2. Characteristics of preclinical studies (n=10).

Intervention

Reference  Country Animals Probiotic characteristics Variables Tools Results
Prob+Cf-Hgp G.
Cl rats _ ¢ Latency to search the platform vs. the
Male Sprague Dawley LaTtObaC”'US ) Memory and rats treated with only Cf-hGP or LP
rats plantarum 4 weeks : . <.05
spatial learnin MWM P
Hwan Oh KCTC 3108 15 mg/kg/day of P : 4 Crossing frequency on platform vs. the
et al Korea C.G. + Cf-hGP rats treated with only Cf-hGP or LP
(2020') P.G. Capsosiphon  10° CFU/rat/day of p<.s
Cf-hGP G. fulvescens L.plantarum Protein Western Blot ? BDNF
prob + Cf-Hgp G. glicoprotina Oral adm. . p<.05
. concentration Nrf2
Anti BDNF + (Cf-hGP)
prob + Cf-hGp G. Grp78 .
INK P
¢ Escape latency in
Alz+ P.G. vs. Alz G.
p<.001
Lactobacillus Memory and No significant effect on
Rezaeiasl Rat model of AD Biggft?fggﬂim 6 weeks spatial learning MWM total dls';a?;: Szgravelled
etal. Iran 40 male Sprague- o 500 mg . o
(2019) Dawley rats B bifidum . 15 x 10° CEU PPF sy_ngptlc LTP induction Reversal of the_decllne of fEPSPs
Bifidobacterium plasticity observed in the Alz G.
Oral adm.
longum (PEPSPs) p<.001

Reversal of the increase in the
PPF ratio observed in the Alz G.
p <.001




Table 2. Continued.

Intervention

Reference Country Animals Probiatic characteristics Variables Tool Results
v Time to find the platform
in Alz+P.G. vs. Alz G.
Rat model of AD . -
. : Memory and spatial Better sailing performance
45 male Wister rats Lactobacillus learning MWM compared to C. and Sham G.
Rezaei acidophilus 8 weeks p<.05
et al. Iran XIZGG(n(:llz%)) Blfldtﬁzzzt;num 500 mg PPF synaptic plasticity LTP induction Restoration of synaptic plasticity
) 9
(2019) Alz + P.G. (n=8) Bifidobacterium 15x10 _CFU (PEPSPs) .
ham G. (n=10) lonaum Intragastric adm. Blood test No amyloid plaques on
Sham G. ( g TAC Alz+Pro G. p<.001
Pro + Con G. (n=9) MDA '
X MDA .o
TAC
Time to locate the target
Mouse model of AD Memci%ra:]r;g spatial Platform in tr;e< I(—Z);(+P.G. vs CG
32 male APP/PSI g MWM '

Abraham mice Bifidobacterium 20 weeks f Number of alternations
et al. Hungary _ longum S(.BBOS 12.0 mg/day Working Memory Y-MT in the Ex+P.G. vs. CG, ExG.
(2019) CG (n=8) Lactobacillus 5 times/week and PG

Exercise G. (n=8) acidophilus SGL11 Oral adm. Brain Section o
P.G. (n=8)

Ex + Pro G. (n=8)

Amyloid Plaques

¢ Number of amyloid
plaques in all treated groups,
especially in the Ex G.




Table 2. Continued.

Intervention

Reference Country Animals Probiatic L Variables Tool Results
characteristics
¢ Escape latency to search the EB
Memory and spatial in the L.327 and L.K71 G.
Ie)z:lrning P compared to the CG
. I BMT f Time in the hole 0°
CI mice Associative Memory .
32 female SAMP 28 43 weeks in the LK71 G. vs. the CG.
. . PAT p<.05
Corpuz mice . AIN-93M diet .
ot al Japan Lactobapﬂlus With 0.05% of Working Memory Latt_ency to enter the electric room
. _ paracasei K-71 o Y-MT in the LK71 G. vs. the CG.
(2018) CG (n=12) probiotic p<.05
1‘231 g 8?1122)) Oral adm. BDNF mRNA PCR No significant differences
' T BDNE Western Blot in alternating time
BDNF mRNA
4 BDNF
BDNF staining
CREB/pCREB
f Number of alternations
'V'OUS:A Z?S?jgl\?f AD in the P.G vs. the CG
9 1 - o
Kobayashi Japan Mice Bifidobacterium orlg;(n%gms Working Memory Y-MT peot
etal. (2017) CG= sodi tat Breve Al in0,2mi Associative Memory PAT 4 Latency time in the
P.G. ' p<.05
Donepezil G.
Escape latency in the
Rat model of AD p<.05
48 male Memory and spatial MWM Alz+P.G. vs. the CG
Wister rats learnin .
_ Lactobacillus 60 days g Congo-Red Healthy neurons with
Nimgampalle India CG = saline solution plantarum 10 ryI/Kg Nuclear chromatin Stain Kit hyperchrqma’uc nuclear
etal. (2017) Alz G. = IP D- MTCC1325 12 x 10° CFU/ml chromatin in the Alz+P.G.
: Oral adm. Metcal and
Galactose ACh Ellman f ACh
Alz + P.G. AChE p<.05
ZP_G_ Method ¢ AChE




Table 2. Continued.

Reference Country Animals Probiotic CL??;;Z?};EES Variables Tool Results
Cl rats
Male Fischer 344 # Escape latency in ARC p<.05
rats Memory and spatial vs. YR G.
learning MWM f Time spent on the platform
YR= yor;tg control Lactobacillus 82v)\:e1ecl)<§ iNARCvVs. YRG. .05
Jeong et al. Korea AR= aged control pentosus CFU/rat/day Working Memory Y-MT f Number of alternations
(2015) var. Plantarum .
rats c29 6 days/week in ARCvs. YRG.  p<.0s
ARC= aged rats Oral adm. Protein
treated with LC-29 concentration ELISA ? DCX
ARR= aged rats BDNF p<.05
treated with CREB
rapamycin phosphorylation
In the PG compared to the CG:
Total distance
Mouse model of Memory and spatial tr_av_elle_d
VD learnin MWM f _Act!wty time
6 weeks g Time in the target
69 male -
. Clostridium 1x 108 CFU l ch -~ | Platform
Liu et al _ ICR mice butyricum 1 x 107 CEU Neural characteristics E ectron
' China g microscope .
(2015) CG (n=12) WZMC1016 1x10° CFU BDNE ¢ Rest time
VD G. (n=12) (CGMCC 9831) Intragastric adm. o-AKt/Akt Western Escape latency
3VD + Pro G. Bcl-2/Bax Blot

(n=15 in each)

Neural malformations
Neuronal apoptosis

BDNF
4 p-Akt/Akt

Bcl-2/Bax




Table 2. Continued.

Intervention

Reference Country Animals Probiotic o Variables Tool Results
characteristics
Ni et al. China CI mice Lactobacillus 12 weeks MWM In the PG compared to CG,
(2019) 42 male casei 0.2 ml especially in the Bifidobacterium G:
C57BL/6 mice LC122 2 x 10° CFU Memory and spatial
Bifidobacterium Oral adm. learning NORT Latency time
Young CG (n=10) longum BL986 #
Old CG (n=12) Entry time to
Lactobacillus G. Memory and non spatial the target platform
(n=12) learning
Bifidobacterium G. ASAT f Discrimination and Recognition
(n=12) Learning ability Index in the PG compared to CG,

especially in the Lactobacillus G.
_ _ RT-PCR p<.05
Ageing related proteins
? Active avoidance frequency
in both Lactobacillus and
Bifidobacterium G. compared

to the CG.
p<.05
Sirtl, FoxO1, FoxO3,

P27, Wispl, BDNF,
Gfraly Ngf

ACh= Acetylcholine; AChE= Acetylcholinesterase ; aCSF= artificial cerebro-spinal fluid; AD= Alzheimer Disease; Adm= administration; AIN= American Institute of
Nutrition; Alz G.= Alzheimer Group AR= aged rats; ARC= aged rats treated with C29; ARR= aged rats treates with rapamycin; ASAT= Active Shuttle Avoidance Test; Ap=
B-Amyloid; Bcl-2/Bax= antiapoptotic/proapoptotic protein; BDNF= Brain-derived Neurotrophic Factor; BMT= Barnes Maze Test; Cf-hGP= Capsosiphon fulvescens
glycoproteins; CFU= colony-forming unit; CG= Control Group; Cl= Cognitive Impairment; CREB= cAMP response element-binding; DCX= age-reduced doublecortin; EB=
Escape Box; ELISA= Enzyme-Linked ImmunoSorbent Assay; Ex+ Pro G.= Exercise + probiotic group; fEPSPs= field excitatory postsynaptic potentials; FoxO1 y FoxO3=
Forkhead Box O1 y 02; Gfral= GDNF family receptor alpha-1; Grp78= Glucose-regulated protein 78; G.Sham: falsa intervencion; ICV= intracerebreventricular; JNK=
c-Jun N-terminal kinase; L. K71 G.= Lactobacillus paracasei K71 group; L.327 G.= Lactobacillus casei L327 group; LTP= long-term potentiation; MDA= malondealdehyde;
MRNA= Messenger ARN; MWM= Morris Water Maze test; Ngf= nerve growth factor; NORT= New Object Recognition Test; Nrf2= nuclear factor erythroid 2-related factor
2; p- Akt/Akt= Akt protein phosphorylation; PAT= Passive Avoidance Test; PCR= Polymerase Chain Reaction; PPF= paired-pulse facilitation; PG.= Probiotic group; RT-
PCR= Reverse transcription polymerase chain reaction; Sirtl= Sirtuin 1; TAC= total anti-oxidant capacity; VD= Vascular Demetia; VS= versus; Wispl= WNT1-inducible-
signaling pathway protein 1; Y-MY= Y-Maze Test.



Table 3. Characteristics of clinical studies (n=6)

Participants . Intervention .
Reference Country (PG/CG) Probiotic characteristics Variables Tools Results
Immediate
MCI memory " PG CG
Xiao et al. SUDJECts  piri tohacterium Breve A1 16 weeks Visuospatial RBANS RBANS score * RBANSscore  p<.0001
(2020) ‘]apan PG=40 CapSUIeS 2% 1010 CFU memory ? JMCIS score ¢ JMCIS score p=.052
CG=39 Language JMCIS
Attention
Delayed memory
Aslz gat_lezngs Lactobacillus acidophilus Se+ P G. CG Se G
Tamtaji et al. Sl Lactobacillus casei 12 weeks . .
ow) " S*PG= pifidubacterium bifidum  2x 10°CFy  COgMve function - MMSE AMMSE  ymmsE  Ammse  peont
CG. =130 Capsules
PG CG
f Attention p=.02 No changes in
MCI Mixture of fermented Attention ACPT ? Working memory p<.05 BDNF levels
Hwang et al. Korea subiects soybean and Lactobacillus 2 weeks Working memory DST Verbal memory p=0.15
(2019) 501/50 plantarum C-29 1x 10 CFU  Verbal memory VLT ¢Combined cognitive
Capsules Neurotrophins ELISA function
BDNF p=.007
PG CG
4 RBANS score 4 RBANS score  p=0.87
(+5.27) (+4.65)
Memory,
Kobayashi et MCI Bifidobacterium Breve Al 12 weeks visuospatial RBANS ? ll&angufage IAa?gutgge
al. (2019) Japan subjects Capsules 2X 10 CFU  capacity, language p<.001| Attention p<.0s | Attention
' 59/58 L MMSE f MMSE score MMSE score  p=0.62
and attention oo (+1.63) (+1.76)
Cognitive function pe : p<.001 :




Table 3. Continued

Reference Country Participants Probiotic Intervention Variables Tools Results
(PG/CG) characteristics
Lactobacillus fermentum, Orlenta}t!on, PG CcG
lantarum and recognltlon,
. . P . . calculation, verbal fTYIVl score fTYM score p=0.82
Agabhi et al. Iran AD patients acidophilus 12 weeks fluenc sin,1ilarit TYM (14.35/17.47)
(2018) 25/23 Bifidobacterium lactis, 3 x 10° CFU namig" o Y, (14.64/17.42) 2/
bifidum and longum ming, m | 4
Capsules wsuos_patla .and
copying skills
Cognitive
ion: i PG CG
Lactobacillus acidophilus, 12 weeks fun(gt:?enrit:gce)rrwltlon,
Akbari et al. Iran AD patients casei and fermentum 200ml/day memor recéll MMSE f MMSE score ¢ MMSE score p<.001
(2016) 30/30 Bifidobacterium bififidum 2 x 10° CFU/g calcu)I/étion ' (+27.90% + 8.07) (-5.03% + 3.00)
Milk for each language and
drawing

ACPT= Auditory continuous performance; AD= Alzheimer Disease; Adm= Administration; BDNF= Brain-derived Neurotrophic Factor; CFU= colony-forming unit; CG= Control
Group; DSST= Digit Symbol Substitution Test; DST= Digit Span Test; ELISA= Enzyme-Linked InmunoSorbent Assay; JMCIS= Japanese version of the MCI Screen; MCIl=

Mild Cognitive Impairment; MMSE= Mini-Mental State Examination; PG= Probiotic Group; POMS2= Profile of Mood States 2nd Edition; RBANS= Repeatable Battery for the
Assessment of Neurophychoogical Status; SeG= Selenium Group; Se+P G= Selenium + Probiotic Group; TYM= Test Your Memory; VLT= Verbal learning test.




