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Introduction 

Few people dwell on the fact that we live in a microbial world, although no less than trillions 

of microorganisms live in and on our bodies (McFall-Ngal et al. 2013, Theis et al., 2016). The majority 

of these organisms are found in the intestines, where they form the gut microbiome. Scientific 

research on the impact and manipulation of this ecosystem on human health has increased 

significantly in recent years. Within neuroscience research, some researchers even speak of a 

paradigm shift (Mayer et al., 2014), which evidently also has an impact on psychological functions 

(Allen et al., 2017). This includes research on the effect of functional foods on the gut and on 

memory. Animal studies already show positive effects of pre- and probiotics (Oliveros et al., 2016; 

Savignac et al., 2015; Vázquez et al., 2015). Research in humans has also been taking place in 

recent years, unfortunately without clear conclusions regarding the effect of these agents on memory 

(Sarkar et al., 2018). This master's thesis will compile the conducted research through a systematic 

review. On the other hand, the effects of pre- and probiotics on human memory will be examined 

through a meta-analysis. 

 

Memory 

Human memory is a very important functional domain. It covers several processes including 

processing, storing and retrieving information (Lambrecht & Hermans, 2012). Thanks to memory, 

humans are able to use language, maintain relationships and develop an identity (Eysenck, 2012). 

Our society relies on a well-functioning memory. Consequently, many elderly people have fears of 

memory problems. As many as 56% of healthy elderly people living at home experience subjective 

memory complaints (Reid & Maclullich, 2006). Social phobias in the elderly often have their origin 

in fear of becoming forgetful (Vink et al., 2017). The importance of memory is additionally evidenced 

by the frequent problems that occur in numerous neurological and psychiatric disorders (Meeter & 

Hendriks, 2018; Pittenger, 2013). 

 

Short-term memory 

 

Short-term memory (STM) is the "ability to keep small amounts of information available for 

a short period of time" (Camina & Güell, 2017, p.4). STM is also called working memory and refers 

to "the brain systems that provide temporary storage and manipulation of information needed for 

complex tasks" (Baddeley, 1992). Working memory is subdivided (see Figure 1) in the central 
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executive, the episodic buffer, the phonological loop, and the visuospatial sketchpad (Baddeley & 

Hitch, 1974; Baddeley, 2000). The central executive controls attention (Grigorenko et al., 2012), 

while the phonological loop and visuospatial sketchpad constitute respectively the verbal STM and 

visuospatial STM (Camina & Güell, 2017). The episodic buffer forms a temporary repository where 

different sources of information are integrated. This information is integrated in space and possibly 

in time. Information retrieved from the episodic LTM is first temporarily stored in the episodic buffer 

(Baddeley, 2000). Although subject to debate, it is believed that the central executive locates in the 

frontal cortex (Duncan & Owen, 2000; Shallice, 2002). In contrast, the visuospatial sketchpad is 

located in the parietal cortex on the one hand, on the other hand it includes a number of areas in 

the right hemisphere (Camina & Güell, 2017). The phonological buffer can be localized in the left 

hemisphere, specifically in Brodmann areas 40 and 44 (Baddeley, 2000). There can be no specific 

brain regions associated to the episodic buffer (Potter, 1999).  

 

Figure 1.  

The working memory model 

 

 

 

 

 

 

 

 

Note. From The Episodic Buffer: A New Component of Working Memory? by Baddeley, 2000, Trends 

in cognitive sciences, 4, p. 421. Copyright 2000 by Elsevier Science Ltd 

 

Long-term memory 

 

Long-term memory (LTM) consists of an infinite amount of information that can be retained 

for a long time. Some information can be remembered for life (Camina & Güell, 2017). Within the 

LTM, a distinction is made between declarative (or explicit) memory and nondeclarative (or implicit) 

memory (Squire, 2004). An overview with the components of the LTM and the structures involved 

can be consulted in Figure 2.   
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Figure 2.  

 
A tentative taxonomy of the LTM and associated brain structures. 

 
 

Note. From Memory, hippocampus and brain systems by R.F. Thompson & J.J. Kim, 1996, 

Proceedings of the National Academy of Sciences of the United States of America, 93, p. 13439. 

Copyright 1996 by The National Academy of Sciences of the USA 

 
Declarative memory. The first component of LTM involves declarative (or explicit) 

memory. This memory includes the ability to consciously process information (Camina & Güell, 

2017). It is divided into episodic memory and semantic memory (Squire, 2004). Episodic memory 

involves "the ability to learn, store and retrieve information about unique personal experiences that 

happen daily. These memories typically include information about the time and place of an event, 

as well as detailed information about the event" (Dickerson & Eichenbaum, 2010). There are a 

number of neuronal structures involved in declarative memory. The enthorinal cortex forms the link 

between the hippocampus and the neocortex so the structure likely provides the distribution of 

information. Next, the perirhinal cortex and parahippocampal cortex are involved in the visual 

recognition of objects and the processing of environmental information, respectively (Aguirre et al., 

1996; Aguirre et al., 1998; Epstein & Kanwisher, 1998; Isha, et al., 1999). Finally, the hippocampus 

takes care of creating and retrieving memories (Craver, 2003). Semantic memory additionally refers 

to the knowledge of facts, ideas, meanings, and concepts that we build up throughout life (Mcrae & 

Jones, 2013). The neuronal structures involve the sensorimotor cortex (Vigliocco et al., 2009) and 

large parts of the inferior parietal and temporal cortex (Binder & Desai, 2011).  
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Nondeclarative memory. In addition to declarative memory, the LTM also consists of 

nondeclarative (or implicit) memory. This is subdivided into procedural memory, basic associative 

memory, non-associative memory and priming (Camina & Güell, 2017). Procedural memory is 

unconsciously evoked when performing motor, executive, or intellectual skills and habits (Camina & 

Güell, 2017). The repeated learning and recall of a complex skill calls upon several brain structures 

including the basal ganglia (Constantinidis & Procyck, 2004), het cerebellum (Kreitzer, 2009) and 

the limbic system (Camina & Güell, 2017). Priming refers to the phenomenon whereby exposure to 

a particular stimulus influences the subsequent response (Weingarten et al., 2016). The neocortex 

is involved in this process (Christian et al., 2014). Associative memory then refers to "the storage 

and retrieval of information by association with other information" (Camina & Güell, 2017, p.10). 

This memory is built up by both classical (Pavlov, 2010) as operant conditioning (Thorndike, 1932) 

and has neuronal correlates with the amygdala and cerebellum (Christian et al., 2014; Thompson & 

Kim, 1996). Finally, nonassociative memory refers to "newly learned behavior through repeated 

exposure to an isolated stimulus" (Camina & Güell, 2017, p.10). This behavior is divided into two 

processes: sensitization and habituation. The structures involved are the neuronal pathways 

involved in the occurrence of reflexes (Christian et al., 2014).  

 

Prebiotics and probiotics 

 

Much research is being done on ways to improve memory. One of the research areas focuses 

on the use of functional foods and, more specifically, pre- and probiotics (Hwang et al., 2019; Inoue 

et al., 2018; Kobayashi et al., 2019). Functional food can be defined as food with a beneficial effect 

on one or more bodily functions, physical or mental health, and/or the risk of disease. In addition, 

it must be part of a normal diet and it must be consumable through normal food. This means that 

no pills or capsules are used (Diplock, et al, 1999). Although there are various forms of functional 

foods, in recent years much attention has been paid to the specific use of pre- and probiotics. 

 

Prebiotics 

Prebiotics are "nondigestible food ingredients that beneficially affect the host by selectively 

stimulating the growth and/or activity of one, or a limited number of bacteria in the colon that can 

improve the host health" (Gibson & Roberfroid, 1995, p. 1401). Prebiotics that are frequently used 

and internationally recognized include fructo-oligosaccharides (FOS) and galacto-oligosaccharides 

(GOS) (Belmonte et al., 2012; Floch et al., 2016). Prebiotics can be consumed through commercial 
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formulations as well as naturally. For example, FOS can be found in chicory, garlic, leeks, asparagus, 

onions, bananas and wholemeal bread (Campbell, et al., 1997). An important FOS involves inulin, 

which can be found in large concentrations in Jerusalem artichoke and yacon (Dimitriu, 2005). In 

addition, GOS occurs naturally in milk from mammals (Belorkar & Gupta, 2016). The components in 

prebiotics stimulate the activity and proliferation of Bifidobacteria (BD) and Lactobacili (LB), thus 

forming the food source for probiotics (Sarkar et al., 2016). However, they are no longer considered 

purely as stimulants for probiotics today (Gibson et al., 2017). In fact, they possess preventive 

properties against colon cancer (Moore et al., 2003), they can lower high cholesterol levels 

(Fernandez et al., 2003), they improve diarrhea (Drakoularakou et al., 2010) and they can be used 

as a calorie-free sweetener (Saminathan et al., 2011). Despite these findings, the strength of 

evidence to date is lower for prebiotics than for probiotics (Sanders et al., 2019). Although several 

possible models in favor of prebiotics have been explored, the mechanisms remain unclear 

(Markowiak & Śliżewska, 2017). 

 

Probiotics 

Probiotics are strands of live microorganisms that are largely of human origin and can 

contribute to a variety of health benefits through a given intake amount (Caselli et al., 2013; Senok  

et al., 2005). There are several criteria formulated regarding safety, functionality and technological 

usability according to which probiotics should comply (FAO, 2002; EFSA, 2005). Unlike prebiotics, 

probiotics involve living bacteria. It’s often milk products containing large amounts of beneficial 

bacteria, including Lactobacili (LB) and Bifidobecteria (BD). The probiotics used primarily in 

commercial formulations involve the lactic acid bacteria LB casei, reuteri, fermentum, plantarum, 

paracasei, salivarius en rhamnosus on the one hand and BD bifidum, infantis and longum (Ahrne et 

al., 2011; Karczewski et al., 2010; McNaught et al., 2005) on the other. Probiotics have several 

health benefits, based on four basic mechanisms: antagonism through the production of 

antimicrobial substances (Vandenbergh, 1993), immunomodulation of the host (Isolauri et al., 

2001), competition with pathogens for adhesion to the epithelium for nutrients (Guillot, 2003) and 

inhibition of bacterial toxin production (Brandao et al., 1998). Probiotics have been shown to provide 

clinically significant improvements in eczema (Niers et al., 2009), necrotizing enterocolitis (AlFaleh 

& Anabrees, 2014), acute diarrhea (Szajewska et al., 2019), moderate to severe chronic intestinal 

inflammation (Mardini & Grigorian, 2014), pouchitis (Sanders et al, 2013) and irritable bowel 

syndrome (Niv et al., 2005; Whorwell et al., 2006). 
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The gut microbiome, the brain-gut axis and the brain   

The gut microbiome comprises the largest storehouse of microbes in the human body (Lin 

et al., 2018). The entirety of these microbes, which are considered an essential organ (O'Hara & 

Shanahan, 2006), form a vast and diverse ecological system. They cover 100 times (Hamady & 

Knight, 2009) to 150 times (Ursell et al., 2014) more genes than those contained in the human 

genome. The gut microbiome consists largely of thousands of species of bacteria (De Vos & De Vos, 

2012; Lozupone et al., 2012), although archaea, fungi, protozoa and viruses are also present (Dinan, 

Stanton & Cryan, 2013). As illustrated in Figure 3, gut bacteria produce short-chain fatty acids 

(SCFA) through the fermentation of indigestible components, these can be supplied by prebiotics. 

SCFA’s include propionate, butyrate and acetate. These fatty acids, in addition to having a direct 

impact on neural activity, also affect the production of gut hormones such as incretin and peptide 

tyrosine tyrosine (PYY) and the production of anti-inflammatory cytokines. Finally, the bacteria 

produce neurotransmitters in the form of metabolites (Sarkar et al., 2018). Figure 3 also shows the 

presence of pathogenic bacteria. They can generate pro-inflammatory cytokines through an opening 

in the intestinal wall, which in turn are related to depression. Medication, diet and stress all affect 

the intestinal wall, in the latter two the relationship is even bidirectional. The gut bacteria are 

connected to the brain through the brain-gut axis. This axis is a bidirectional communication network 

(Dinan & Cryan, 2016) consisting of the enteric nervous system, the gastrointestinal tract and the 

brain. The network contains immune, neural, endocrine and metabolic pathways (El Aidy, et al., 

2015; Grenham et al., 2011; Mayer, 2014; Koh et al., 2016; Sommer & Bäckhed, 2016). Using 

synapses in the enteric nervous system, the vagus nerve (N.X) is the key element in the 

communication between the intestines, gut microbes and the brain (Dinan & Cryan, 2016; Sarkar 

et al., 2016).  
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Figure 3. 

A model of the relationships between bacteria, brain and behavior 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. From The Microbiome in Psychology and Cognitive Neuroscience by A. Sarkar, 2018, Trends 

in Cognitive Sciences, 22, p. 619. Copyright 2018 by Elsevier Ltd. 

 

The psychophysiological mechanism of pre- and probiotics on memory 

 
Current research on pre- and probiotics frequently uses rodent models. The animals in these 

models are exposed to stress-inducing situations and, on the basis of behavioral diagnostics, 

statements are made about the animals' reactions (Sarkar et al., 2018). Study shows that prebiotics 

improve working memory and spatial learning in mice and rats (Oliveros et al., 2016; Vázquez et 

al., 2015). Probiotics also appear to have a positive effect on learning and memory in mice (Savignac 

et al., 2015). Germ-free animals however have been shown to have impaired STM (Gareau et al., 

2011). One plasticity-related protein that has been consistently linked to cognitive improvements is 

brain-derived neurotrophic factor (BDNF), derived from the hippocampus (Heldt et al., 2007; Lu et 

al., 2008). The hippocampus has a crucial role in memory storage and information processing (Dinan 
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& Cryan, 2017). BDNF is transported neuronally through the vesicles in the axons and dendrites, in 

addition it is released by pre- and postsynaptic electrical stimuli. BDNF is commonly considered an 

essential mediator (Brigadski & Leßmann, 2014; Cunha et al., 2010) and instructor (Cunha et al., 

2010) in synaptic plasticity and related processes. BDNF is the only neurotrophin that plays an 

important role in the formation of the LTM (Cunha et al., 2010). Research shows that the 

concentration of BDNF increases both when probiotics (Desbonnet et al., 2008) and prebiotics are 

administered (Burokas et al., 2017; Savignac et al., 2013; Vázquez et al., 2015; Williams et al., 

2016), indicating that the bacterial strains in these studies could recover neuronal activation marked 

by BDNF expression in the CA1 region of the hippocampus (Gareau et al., 2011). However, it is 

noteworthy that improvements in memory are associated with a reduction in inflammation and 

biomarkers of stress (Allen, 2016; Dowlati et al., 2010; Wang et al., 2015). The question can thus 

be asked whether these improvements are directly due to pre- and probiotics, or whether these 

bacteria act as a mediator. Indeed, the hippocampus is highly sensitive to glucocorticoids (Lupien et 

al., 2009), suggesting that a general reduction in inflammation and glucocorticoids may be 

underlying rather than a singular neural process (Sarkar et al., 2018). 

Positive effects on working memory and learning are also observed in humans (Allen et al., 

2016; Chung et al., 2014), although negative effects are reported as well (Sarkar et al, 2018; Sarkar 

et al., 2016). Previous research in this context has already shown that an overexpression of BDNF 

can lead to a stimulation of inhibitory pathways, leading to negative effects on the learning processes 

(Cunha et al., 2010). However, to date there are no known clear guidelines regarding the use of 

appropriate amounts of pre- or probiotics in different target groups. As a result, unintentional 

overconsumption may occur with the previously reported effects on memory. 

 

Research Question 

 
Thus, despite the increased attention to the effect of pre- and probiotics on memory, there 

is still a great deal of uncertainty. Although systematic research has already been published on 

psychiatric disorders such as depression (Liu et al., 2019), schizophrenia (Ng et al., 2019) and 

anxiety (Liu et al., 2018), this is lacking on cognitive function domains. 

This research focuses on memory. The main research question concerns, "What is the effect 

of pre- and probiotics on human memory?". It is hypothesized that both pre- and probiotics could 

lead to beneficial and adverse effects. Through a systematic review and meta-analysis, these effects 

are examined. In addition, a number of secondary research questions are posed, specifically:  
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- "Are there differences between individuals with and without a diagnosis on the ICD-10 

(International Classification of Diseases - 10) or DSM-V (Diagnostic and Statistical Manual of Mental 

Disorders – 5)?” Hypothesis: Individuals with a diagnosis experience more positive effects.  

- "Do persons over the age of 65 experience more effects than persons under the age of 18?" 

Hypothesis: Individuals over the age of 65 experience more positive effects than individuals under 

the age of 18.  
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Method 
 

Search strategy and eligibility criteria 

A systematic review was conducted using PubMed, PsycINFO, and Web of Science. These 

databases were last screened on 13/04/2021. In order to have relevant search results, the following 

search key was used on PubMed: (elderly OR adults OR children) AND (probiotics OR prebiotics OR 

functional food) AND (memory OR cognitive functioning OR cognition OR neuropsychological 

functioning). The same search key was used in PsycINFO. For Web of Science, the following 

combination was used: ((TS= elderly OR TS=adults OR TS=children) AND (TS=probiotics OR 

TS=prebiotics OR TS=functional food) AND (TS=memory OR TS=cognitive functioning OR 

TS=cognition OR TS=neuropsychological functioning)). The screening was limited to articles written 

in English and published in peer-reviewed journals. The literature search was conducted according 

to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines 

(Moher et al., 2009). 

With respect to the included articles, the following inclusion criteria were used:  

• The study is a randomized controlled trial (RCT) in which the participants are randomized 

among an intervention and control group 

• It’s a study conducted in human participants 

• Pre- and/or probiotic compounds are internationally accepted (FAO, 2002; Floch et al., 2016 

EFSA, 2005) 

• Memory parameters are reported as a primary or secondary outcome measure 

• Memory parameters are examined independently of other cognitive outcome measures 

• Memory parameters are reported as mean scores at baseline and post-intervention 

In addition, the following exclusion criteria were used:  

• Research conducted on animals  

• Study in which the consumed pre- and/or probiotics are examined by self-reporting 

• Memory parameters are examined by self-reporting 

 

Quality assessment 

The quality of the included articles was examined using criteria established by the Cochrane 

Handbook for Systematic Reviews of Interventions (Higgins & Green, 2011). The following forms of 

bias were checked for each study: selection bias (participants are not randomized among the 

different interventions), allocation bias (randomization is not blinded), performance bias (the 
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condition is not offered blinded to the participants and researchers), detection bias (evaluators are 

not blinded), attrition bias (the presence of systematic errors or incomplete data) and reporting bias 

(research results are reported in a biased way). The results of the quality assessment were 

summarized in a risk of bias table, generated from Review Manager 5.3 (Revman 5.3) for Mac OS.  

 
Data extraction 

Data contributing to the effect of pre- and probiotics on memory were extracted from each 

study and tabulated. The Cochrane Handbook for Systematic Reviews of Interventions (Higgins & 

Green, 2011) was used to compile the data. These data include demographic data of the participants 

(number, mean age, percentage female, sample type), variables related to the intervention (type of 

pre- and probiotics and length of treatment) and the outcome variables. 

 

Statistical analysis 

Statistical analysis was performed with Revman 5.3 for Mac OS. The primary outcome in this 

study is the standardized mean difference (SMD) using the Cohen's d (Field & Gillet, 2010). This 

measure of effect size is calculated using the changes between baseline and post-intervention 

between the probiotic groups and the placebo groups. To control for contributing factors, moderator 

analyses were conducted using Revman 5.3 as well. In this research, negative effect sizes indicate 

an effect on memory in favor of the treatment, on the other hand positive effect sizes represent an 

effect in favor of the placebo. Effect sizes can vary from small (0.20), medium (0.50) to large (0.80) 

(Field & Gillet, 2010). To check for heterogeneity across studies, the I²-statistic was used. This 

measure of inconsistency examines whether the reported variation across studies is caused by 

heterogeneity rather than chance (Higgins et al., 2003). The researchers report an I² value of 25% 

as low heterogeneity. Moderate heterogeneity is considered from 50% and high heterogeneity from 

75%. The I²-statistic was accompanied by the Chi²-statistic (or Q) for heterogeneity, which assesses 

the heterogeneity of effects sizes (Higgins & Green, 2011). No Duval & Tweedie's trim-and-fill 

analysis (Duval & Tweedle, 2000) was conducted to check for publication bias due to limited number 

of included studies. Using less than 10 studies leads to a power which is too low to differentiate 

coincidence from real asymmetry (Higgins & Green, 2011).  
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Results 

 

Literature search, screening and basic information of included studies 

 
The search through three databases (PubMed, PsychInfo and Web of Science) resulted in 

1718 records. No additional records were identified through screening of relevant sources. After 

removing duplicates, 1354 publications remained. 1306 records were excluded after screening the 

title and abstract. Forty-eight studies were assessed for eligibility, of which 4 were excluded because 

the absence of a full text, 11 because there was no memory assessment included, 6 studies were 

no RCT’s and in 9 studies did the implemented intervention not meet the criteria of pre- and 

probiotics. The remaining 12 studies (Chung et al., 2014; Hwang et al., 2019; Kim et al., 2021; 

Kobayashi et al., 2019; Lew et al., 2018; Ohsawa et al., 2018; Rudzki et al., 2019; Sanborn et al., 

2020; Schmidt et al., 2015; Smith, 2005; Smith et al., 2015; Xiao et al., 2020) were included in 

qualitative synthesis, of which 3 (Schmidt et al., 2015; Smith, 2005; Smith et al., 2015) were 

excluded to conduct the quantitative synthesis through a meta-analysis. The process of the literature 

screening can be found in Figure 4.  

 

Risk of bias assessment  

 
Six (Chung et al., 2014; Ohsawa et al., 2018; Rudzki et al., 2019; Schmidt et al., 2015; 

Smith, 2005; Smith et al.2015) of the 12 included studies reported insufficient information regarding 

the method of random sequence generation. All studies except two (Hwang et al., 2019; Kim et al., 

2021) reported insufficient information of allocation treatment. Concerning the blinding of 

participants and personnel provided five studies (Lew et al., 2018; Ohsawa et al., 2018; Schmidt et 

al., 2015; Smith, 2005; Smith et al., 2015) incomplete information. Five studies (Lew et al., 2018; 

Ohsawa et al., 2018; Schmidt et al., 2015; Smith, 2005; Smith et al., 2015) reported insufficient 

data regarding the blinding of outcome assessment. Three studies (Schmidt et al., 2015; Smith, 

2005; Smith et al., 2015) had an unclear risk in attrition bias, whereas these same studies had a 

very high risk regarding a reporting bias due to incompletely reported primary outcomes and 

outcome data. Chung et al (2014) reported a high risk in this form of bias as well. Finally all studies 

reported some other form of bias, with one study (Chung et al., 2014) reporting a high risk due to 

sponsorship. An overview can be found in Table 1.  
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Figure 4  

 
PRISMA flow chart of the literature search and abstraction process 
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Table 1  

Summary of risk of bias assessment: evaluation of the author on each risk of bias for the included 

studies.  

 

Note. + = Low risk of bias; ? = Moderate risk of bias; - = High risk of bias 

 

Systematic review: main results  

 

All three studies (Schmidt et al., 2015; Smith, 2005; Smith et al., 2015) which included the 

usage of prebiotic compounds, were conducted with participants recruited in the community. All 

these studies reported a classical design of a randomized controlled trial, with only one (Schmidt et 

al., 2015) reporting a three-arm study. The length of treatment varied from 4 hours to 3 weeks. 
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Smith (2005) and Smith et al. (2015) documented no scale regarding the memory. All studies 

reported outcome measures regarding the STM. One study (Schmidt et al., 2015) reported no LTM-

measure. Schmidt et al. (2015) determined no significant effect of both B-GOS and FOS 

interventions on STM and more specifically on working memory. No significant effect on LTM and 

STM was reported by Smith (2005). However Smith et al. (2015) determined, in comparison with 

the control group, an improvement on both LTM and STM after a 4-hour treatment.  

Regarding studies investigating the effect of probiotics, three (Hwang et al., 2018; Rudzki 

et al., 2019; Xiao et al., 2020) of nine studies were conducted on clinical samples. Only one study 

(Rudzki et al., 2019) was completed on a sample group whose mean age was below 40 years. All 

studies reported probiotic microbes representing the two most recognized genera Lactobacillus (LB) 

and Bifidobacterium (B). Three studies (Hwang et al., 2019; Lew et al., 2018; Rudzki et al., 2019) 

applied LB plantarum, more specifically strains C29, P8 and 299v. Two studies reported LB helveticus 

(Chung et al., 2014; Ohsawa et al., 2018) and B. Breve A1 (Kobayashi et al., 2019; Xiao et al., 

2020). Only one study (Kim et al., 2021) reported the usage of a multiple strain consisting of B. 

bifidum BGN4 and B. longum BORI. One study (Sanborn et al., 2020) applied LB rhamnosus GG.  

Length of treatment varied from 8 weeks to 16 weeks, with five studies (Chung et al., 2014; Hwang 

et al., 2019; Lew et al., 2018; Kim et al., 2021; Kobayashi et al., 2019) reporting a duration of 12 

weeks. All studies investigated the effect of probiotics on LTM, only one study (Rudzki et al., 2019) 

did not include STM. Six (Chung et al., 2014; Hwang et al., 2019; Kobayashi et al., 2019; Ohsawa 

et al., 2018; Rudzki et al., 2019; Sanborn et al., 2020) out of nine studies determined no significant 

improvement on LTM and STM in the intervention group when compared to the control group. Lew 

et al. (2018) reported a significant improvement in LTM after 12 weeks of administration with LB 

plantarum P8. No improvement was detected on STM. However Kim et al. (2020) reported a 

significant improvement after 12 weeks of administration with B. bifidum BGN4 and B. longum BORI 

on STM but not on LTM. Finally, Xiao et al. (2020) established a significant improvement after 16 

weeks of administration with B. breve A1 on LTM and STM in comparison with the control group. 

The latter used a clinical sample consisting of individuals with an MCI-diagnosis.  
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Table 2  

Summary of the main characteristics of included trials 

 

Study  N % 

female  

Mean 

age 

Sample  Prebiotic compound(s)/ 

probiotic microbe(s) 

Length of 

treatment 

Outcome 

measure 

Subscore used LTM/ 

STM 

Domain of 

memory 

Principal results 

Probiotics            

Chung et 

al. (2014) 
 

36 44.4 65.0 Community Sole, LB helveticus IDCC3801 

500-1000-2000 mg/day (tablet) 

12 weeks VLT 

DST 
 

A20 delayed recall 

Forward 

LTM 

STM 
 

Verbal memory 

Working memory 
 

No significant difference 

Hwang et 

al. (2019) 

100 66 68.6 Clinical 

(MCI) 

Sole, LB plantarum C29 

1.25x1010 CFU/day (freeze-dried) 

12 weeks VLT 

DST 

Delayed recall 

/ 

LTM 

STM  

 

Verbal memory 

Working memory 

No significant difference 

Lew et al. 

(2018)  

 

103 ? 31.7 Community Sole, LB plantarum P8 

2x1010 CFU/day (sachet) 

12 weeks ISLT 

OCB 

Total score 

Speed 

LTM 

STM 

Episodic memory 

Working memory 

Intervention > placebo (LTM) 

No significant difference (STM) 

 

Kim et al 

(2021) 
 

63 ? 71.55 Community Multiple, B. bifidum BGN4, B. 

longum BORI 

1x109 CFU/day (capsule) 

12 weeks CERAD-K 

DST 

Word list recall 

/ 

LTM 

STM 

/  

Working memory 

No significant difference (LTM) 

Intervention > placebo (STM) 

Kobayashi 

et al. 

(2019) 

121 51 61.5 Community Sole, B. breve A1 

>1x1010 CFU/day (capsule) 

12 weeks RBANS 

 

Delayed memory 

Immediate memory 

LTM 

STM 

/ No significant difference 

Ohsawa et 

al. (2018) 

60 56 58.2 Community Sole, LB helveticus 

190g/day (fermented milk) 

8 weeks RBANS Delayed memory 

Immediate memory 

LTM 

STM 

/ No significant difference 

Rudzki et 

al. (2019) 

 

60 72 39 Clinical 

(MDD) 

Sole, LB plantarum 299v 

10x109 CFU/day (capsule) 

8 weeks CVLT 

 

Total recall LTM 

 

Episodic verbal 

memory 

 

No significant difference 

Sanborn et 

al. (2020) 

 

103 59.3 64.4 Community Sole, LB rhamnosus GG 

(capsule) 

13 weeks PSMT 

LSWMT 

 LTM 

STM 

Episodic memory 

Working memory 

No significant difference 

Xiao et al. 
(2020) 

 

80 51 61.1 Clinical 
(MCI) 

Sole, B. breve A1 

2x109 CFU/day (capsule) 

16 weeks RBANS Delayed memory 
Immediate memory 

LTM 
STM 

/ Intervention > placebo (LTM) 
Intervention > placebo (STM) 

 

Prebiotics            

Schmidt et 

al (2015) 

 

45 51.11 23.69 Community B-GOS 5,5g/day (powder) 

FOS 5,5g/day (powder) 

3 weeks DST / STM Working memory No significant difference 

Smith 

(2005) 

 

142 51 32 Community FOS-enriched inulin 

10g/day (powder) 

2 weeks ? Delayed recall 

Immediate recall 

LTM 

STM 

Episodic memory 

Working memory 

No significant difference 

Smith et 

al. (2015) 

 

47 60 23 Community FOS-enriched inulin 

5g (powder) 

4 hours ? Delayed recall 

Immediate recall 

(number correct) 

LTM 

STM 

Episodic memory 

Working memory 

Intervention > placebo (LTM) 

Intervention > placebo (STM) 
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Note. B. = Bifidobacterium; B-GOS = Bimuno-galactooligosaccharide; CERAD-K = Consortium to Establish a Registry for Alzheimer's Disease Assessment 

Packet – Korean; CVLT = California Verbal Learning Test; DST = Digital Span Test; FOS = fructooligosaccharide; ISLT = International Shopping List Test; 

LB = lactobacillus; LSWMT = List Sorting Working Memory Test; LTM = Long Term Memory; MCI = Mild Cognitive Impairment; MDD = Major Depressive 

Disorder; N = Number of participants; OCB = One Card Back; PSMT = Picture Sequence Memory Test;  RAVLT = Rey Auditory Verbal Learning Test; RBANS 

= Repeatable Battery for the Assessment of Neuropsychological Status; SRT = Story Recall Test; STM = Short Term Memory; VLT = Verbal Learning Test; 

WMS = Wechsler Memory Scale
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Meta-analysis: main results  

Due to limited data, no meta-analyses could be calculated regarding the effect of prebiotics 

on LTM and STM. No standard deviations were reported in Smith (2015) and Smith (2005).  

With regarding to the effect of probiotics on LTM (see Figure 5), this study included 350 

subjects in the experimental group and 336 subjects in the control group, retrieved from nine 

included studies (Chung et al., 2014; Hwang et al., 2019; Kim et al., 2021; Kobayashi et al., 2019; 

Lew et al., 2018; Ohsawa et al., 2018; Rudzki et al., 2018; Sanborn et al., 2020; Xiao et al., 2020). 

Due to high heterogeneity (Q(8) = 52.51, p < 0.00001) between the different studies, a random 

effect model was used for quantitative synthesis (Higgins et al., 2003). An overall Cohen’s d of -

0.23 (Z = 1.10, p = 0.27, 95% CI -0.63; 0.18) in favor of probiotics was calculated, representing 

a small but insignificant effect (Field & Gillet, 2010) of probiotics administration on LTM. Eight studies 

(Chung et al., 2014; Hwang et al., 2019; Kim et al., 2021; Kobayashi et al., 2019; Lew et al., 2018; 

Ohsawa et al., 2018; Sanborn et al., 2020; Xiao et al., 2020) were included examining the effect of 

probiotics on STM. In total 331 subjects were included in the experimental group and 303 in the 

control group (see Figure 6). With an overall Cohen’s d of -0.17 (Z = 1.38, p = 0.17, 95% CI -0.42; 

0.07), no effect (Field & Gillet, 2010) of probiotics on STM was established. A moderate 

heterogeneity (Q(7) = 15.68, p = 0.03) was observed, so a random effect model was used (Higgins 

et al., 2003). The forest plot of the meta-analyses is shown in figures 5 and 6.  

Due to high (Q(8) = 52.51, p < 0.00001) and moderate (Q(7) = 15.68, p = 0.03) 

heterogeneity between the different studies regarding the effect of probiotics on LTM and STM, a 

moderator analysis was appropriate.  

 

Figure 5  

Forest plot of probiotics versus placebo in improving LTM 
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Note. Chi² = Chi-squared test for heterogeneity; df = Degrees of freedom; SD = Standard deviation; 

𝐼2 = I-squared test for heterogeneity; Tau² = Tau-squared test for heterogeneity 

 

Figure 6  

Forest plot of probiotics versus placebo in improving STM 

 

Note. Chi² = Chi-squared test for heterogeneity; df = Degrees of freedom; SD = Standard deviation; 

𝐼2 = I-squared test for heterogeneity; Tau² = Tau-squared test for heterogeneity 

 

Moderator analyses for LTM were conducted for type of sample, length of treatment, mean 

age and strains of flora (see Table 3). When stratified by type of sample, a larger treatment effect 

on LTM was found in the clinical (Cohen’s d = -0.34, Z = 1.35, p = 0.18 95% CI  -0.82; 0.15) than 

in the community sample (Cohen’s d = -0,17, Z = 0.56, p = 0.58, 95% CI  -0.63; 0.18). However 

these findings were not significant. A significant difference in effect sizes was observed between the 

two samples  (Q(8) = 52.51, p < 0.00001). A small non-significant effect was established both in 

trials less than 10 weeks (Cohen’s d = -0.20, Z = 1.10, p = 0.27, 95% CI -0.56; 0.16) and more 

than 10 weeks (Cohen’s d = -0.23, Z = 0.89, p = 0.37, 95% CI -0.75; 0.28). A significant difference 

between groups was observed when participants were stratified by length of treatment (Q(8) = 

52.51, p < 0.0001). There was no longer a significant heterogeneity between the different studies 

with a treatment duration of less than 10 weeks (Q(1) = 0.13, p = 0.72). A small effect in favor of 

probiotics was found for trials including participants younger than 65 (Cohen’s d = -0.33, Z = 1.14, 

p = 0.25, 95% CI -0.89; 0.24) but not for trials older then 65 years (Cohen’s d = 0.01, Z = 0.8, p 

= 0.94, 95% CI -0.29; 0.32). These findings were not significant. A significant difference in effect 

sizes was observed between the two groups (Q(8) = 52.51, p < 0.00001). No significant 

heterogeneity was yet observed between the studies with a mean age over 65 (Q(2) = 0.02, p = 

0.99). When stratified by strains of flora, the largest treatment effect on LTM was observed in the 
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administration of LB plantarum (Cohen’s d = -0.55, Z = 1.21, p = 0.23, 95% CI -1.44; 0.34). A 

medium effect was observed in the LB plantarum group (Cohen’s d = -0.55, Z = 1.21, p = 0.23, 

95% CI -1.44; 0.34) and a small effect in the LB breve (Cohen’s d = -0.18, Z = 0.31, p = 0.76, 

95% CI -1.35; 0.99). Although none of the observed effects were statistical significant. A significant 

difference in effect sizes was observed between the different bacterial strains (Q(6) = 47.68, p < 

0.00001) and eventually no longer significant heterogeneity was observed between the studies using 

LB helveticus as an intervention (Q(1) = 0.01, p < 0.91).  

Regarding the effect of probiotics on STM, further analyses were conducted to see if 

moderators could explain the heterogeneity. Analyses were conducted for type of sample, mean age 

and strains of flora. A small effect (Cohen’s d = -0.46, Z = 1.11, p = 0.27, 95% CI -1.28; 0.36) in 

the clinical group was observed when stratified by type of sample. No effect was found in the 

community group (Cohen’s d = -0.08, Z = 0.80, p = 0.42, 95% CI -0.27; 0.11) and both effects 

were not statistical significant. There was a significant difference in effect sizes between the two 

sample types (Q(7) = 15.68, p = 0.03) but no significant heterogeneity between studies was 

observed in the community-sample (Q(5) = 5.14, p = 0.40). When stratified by mean age, a small 

effect in favor of probiotics was found for trials including participants younger than 65 (Cohen’s d = 

-0.22, Z = 1.22, p = 0.22, 95% CI -0.58; 0.13) but not for trials older then 65 years (Cohen’s d 

= 0.01, Z = 0.8, p = 0.94, 95% CI -0.29; 0.32). These effects were however not statistical 

significant. A significant difference in effect sizes was observed between younger and older groups 

(Q(7) = 15.68, p = 0.03) and no significant heterogeneity between studies was established in the 

plus 65 years group (Q(2) = 0.68, p = 0.71) . Regarding the stratification by strains of flora was the 

largest effect observed in LB breve (Cohen’s d = -0,35, Z = 0.65, p = 0.52, 95% CI -1,39; 0.70), 

a small effect in LB plantarum (Cohen’s d = -0,19, Z = 1,29, p = 0.20, 95% CI -0.47; 0.10) and a 

small effect in favor of the placebo condition in LB helveticus (Cohen’s d = 0,14, Z = 0.64, p = 0.52, 

95% CI -0.30; 0.59). However, as it was the case with LTM, none of the observed effects were 

statistical significant. A significant difference in effect sizes was established between the types of 

bacterial strains (Q(5) = 15.48, p = 0.009). No significant heterogeneity was observed between de 

studies using LB plantarum (Q(1) = 0.79, p = 0.37) and LB helveticus (Q(1) = 0.03, p = 0.87).  

Although various subgroup analyses were conducted to indicate a potential moderator, both 

for the LTM and STM, at least one subgroup in each stratification reported a significant heterogeneity 

between the included studies.   
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Table 3  

Summary of meta-analyses and subgroup analyses on LTM and STM 

Subgroup Number 

of trials 

N Estimated effect Test of 

heterogeneity 

𝑃𝑏 

𝑃𝑎  𝐼2 

Probiotics vs Control 

(LTM) 

9 686 -0,23 (-0,63- 0,18) <0.00001 85% 0.27 

Subgroup by type of 
sample (LTM) 

      

Clinical 3 231 -0,34 (-0,82- 0,15) 0.03 70% 0.18 

Community 6 455 -0,17 (-0,75- 0,42) <0.00001 85% 0.58 

Subgroup by length of 
treatment (LTM) 

      

< 10 weeks 2 120 -0,20 (-0,56- 0,16) 0.72 0% 0.27 

> 10 weeks 7 566 -0,23 (-0,75- 0,28) <0.00001 89% 0.37 

Subgroup by mean age 
(LTM) 

      

< 65 years old 6 522 -0,33 (0,89- 0,24) <0.00001 90% 0.25 

> 65 years old 3 164 0,01 (-0,29- 0,32) 0.99 0% 0.94 

Subgroup by strains of 
flora (LTM) 

      

LB plantarum 3 255 -0,55 (-1,44- 0,34) <0.00001 92% 0.23 

LB helveticus 2 72 -0,01 (-0,47- 0,46) 0.91 0% 0.98 

B. breve 2 196 -0,18 (-1,35- 0,99) <0.0001 94% 0.76 

Probiotics vs Control 

(STM) 

8 626 -0,17 (-0,42- 0,07) 0.03 55% 0.17 

Subgroup by type of 

sample (STM) 

      

Clinical 2 171 -0,46 (-1,28- 0,36) 0.008 86% 0.27 

Community 6 455 -0,08 (-0,27- 0,11) 0.40 3% 0.42 

Subgroup by mean age 

(STM) 

      

< 65 years old 5 462 -0,22 (-0,58- 0,13) 0.006 72% 0.22 

> 65 years old 3 164 -0,08 (-0,38- 0,23) 0.71 0% 0.62 

Subgroup by strains of 

flora (STM) 

      

LB plantarum 2 195 -0,19 (-0,47- 0,10) 0.37 0% 0.20 

LB helveticus 2 79 0,14 (-0,30- 0,59) 0.87 0% 0.52 

B. breve 2 196 -0,35 (-1,39- 0,70) 0.0004 92% 0.52 

 

Note. Numbers in parenthesis are 95% confidence intervals.  

𝑃𝑎 for heterogeneity: p < 0.1 was considered to indicate significant heterogeneity across studies.  

𝐼2 for heterogeneity: 𝐼2 > 50% was considered to indicate significant heterogeneity across studies. 

𝑃𝑏 for meta-analysis: p < 0.05 was considered to indicate a significant effect of probiotics on 

cognition by using a random-effects model.  

B = Bifidobacterium; LB = Lactobacillus; LTM = Long term memory; N = Number of participants; 

STM = Short term memory 

 

 



 27 

Publication bias assessment  

Due to high (Q(8) = 52.51, p < 0.00001) and moderate (Q(7) = 15.68, p = 0.03) 

heterogeneity  between the different studies regarding the effect of probiotics on LTM and STM, 

random effect models were appropriate. Funnel plots and more specifically a Duval & Tweedie's trim-

and-fill analysis (Duval & Tweedle, 2000) was however not performed as the number of available 

(<10) studies were too small (Higgins & Green, 2011) to determine a visual and reliable quantitative 

assessment of the publication bias.  
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Discussion 

This is the first known study that examines the effect of pre- and probiotics on human 

memory as a cognitive function domain. This relates to both the qualitative systematic review and 

the quantitative meta-analysis. The current review did not determine a significant difference in effect 

between pre- and probiotics and placebo on human memory. The effects of probiotics on LTM and 

STM were small in favor of the treatment but statistically insignificant. The effects of prebiotics on 

LTM and STM could not be calculated because of insufficient data. Two out of three studies examining 

the effect of prebiotics however reported no beneficial or adverse effects of the treatment. Therefore, 

the hypothesis that both pre- and probiotics could lead to beneficial or adverse effects could not be 

confirmed.  

However no cognitive cost was determined in this study, there was also no evidence of a 

benefit. Because of previous promising research in rodents (Athari Nik Azm et al., 2018; Ho et al., 

2019; Yang et al., 2020), the results in this study are surprising. Even early studies in humans 

showed promising results on general cognition and memory (Allen et al., 2016; Chung et al., 2014). 

A recent small meta-analysis, which specifically focused on the effect of probiotics on humans with 

Alzheimer’s disease (AD), observed a medium effect on general cognition (Deng et al, 2020). 

Although it’s not clear which contribution memory has in this effect due to the limited use of memory 

scales, their results are promising and suggests the potential effects in AD. One included study (Xiao 

et al., 2020) in MCI-patients supports these findings and reports an improvement on both LTM and 

STM. Their findings report the contribution B. breve A1 has regarding positive changes of the 

hippocampus, since this strain suppresses the hippocampal expressions of immun-reactive genes 

and inflammation that are caused by amyloid-β (Kobayashi et al., 2017). The samples of the other 

two included studies (Lew et al., 2018; Kim et al., 2021) reporting a beneficial effect on respectively 

LTM and STM, are however community based. Nevertheless it’s likely that the community based 

dwelling older adults in Kim et al. (2021) endure the same structural changes of the brain (Fjell & 

Walhovd, 2010), oxidative stress (Tsay et al., 2000) and inflammation (Franceschi et al., 2000) 

which are common in the elderly. Research shows however that probiotics can improve hippocampal 

plasticity and brain mitochondrial function by reducing inflammation (Chunchai et al., 2018). In 

addition they can reduce oxidative stress and levels of pro-inflammatory markers such as TNF-α, IL-

6 and IL-1β (Wallace & Milev, 2017; Zhao et al., 2018) and increase anti-inflammatory cytokine 

production (Messaouidi et al., 2011). The relationship with increased levels of BDNF in Kim et al 

(2020) supports the critical role of the protein in memory development. The results of the only study 
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reporting a beneficial effect of prebiotics, more specifically FOS-enriched inulin, on LTM and STM 

(Smith et al., 2015) are not in line with preclinical investigation in rodents. Savignac (2013) 

concluded that GOS triggered a stronger reaction on NMDAR (N-methyl-D-aspartate receptor) 

signaling than FOS, making it appear that GOS has a stronger potential proliferative effect on 

microbiota. Research results such as these cast doubt on whether the potential effects of certain 

prebiotic compounds in rodents can simply be extended to humans. Although the neurophysiological 

mechanisms of the gut microbiome, pre- and probiotics and its relation with the (aging) central 

nervous system are extensively reviewed (Allen et al., 2016; Quigley, 2017; Lin et al., 2018; 

Komanduri et al., 2019), the overall conclusions of the meta-analysis in this research are not in line 

with these reviews. This can be caused by the dominance of included studies with healthy community 

samples and samples with neurological and psychiatric disorders screened out. In addition, the 

power to determine significant effects may be limited, both in terms of the limited number of included 

studies and the limited number of participants in some these studies. 

There are almost no remarkable shared characteristics in the three included studies reporting 

effects on memory in favor of probiotics. They (Lew et al., 2018; Xiao et al., 2020; Kim et al., 2021) 

all report a different mean age, use a different sample, apply a different probiotic strain and use a 

different scale. The only common characteristic relates to the length of treatment, since all three 

studies report a therapy duration of over 12 weeks. The ideal duration of probiotic treatment is 

however poorly understood thus more research is needed to better determine the best duration of 

therapy (Floch et al., 2016). Only one study (Smith et al., 2015) reported a beneficial effect of 

prebiotics on LTM and STM but only after 4 hours. Because evidence regarding time courses of 

emergence of effects is limited (Sarkar et al., 2016), it’s recommended to investigate the time points 

at which memory effects could emerge. By extension it’s important to investigate the long-term 

effects of both pre- and probiotics. All studies measured at the end of therapeutic treatment did not 

include a follow-up measurement several months to years later. In this way, a potential long term 

therapeutic effect of pre- and probiotics could not be measured. Previous research on infant rats 

showed for example benefits in spatial memory 1 year after prebiotic administration (Oliveros et al., 

2016). Future research in humans should investigate the long term effects, alongside structural 

changes in the brain and microbiome ecosystem.  

Subgroup analysis based on type of sample, length of treatment, mean age and strains of 

flora showed no significant effects of probiotics on LTM and STM. None of these factors can explain 

the source of heterogeneity. The hypothesis that individuals with a diagnosis and individuals over 
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the age of 65 experience more positive effects than individuals without a diagnoses and under the 

age of 18, could not be confirmed. Despite the small number of included trials and the large 

heterogeneity between studies, there might be different moderators. These may relate to the 

development of the microbiota across lifespan. It is known that it’s composition is influenced by 

source of nutrition (breastfeeding or formula feeding) (Neu, 2016; Cong et al., 2016), mode of 

delivery (natural birth or cesarean section) (Jakobsson et al., 2014; Dogra et al., 2015) and the 

usage of antibiotics (Vangay et al., 2015; Diaz Heijtz, 2016). Although the effects of these factors 

on human memory are unknown, there is consensus that their impact on the development of the 

brain are significant (Sharon et al., 2016; Dinan & Cryan, 2017). Examining these factors in future 

research may give more insight in the effects of pre- and probiotics. The results of this study are, 

as in prebiotics, not in line with the positive results of previous rodent studies (Athari Nik Azm et 

al., 2018; Ho et al., 2019; Yang et al., 2020). This suggests that the beneficial effects of probiotic 

strains cannot be extended to human research. More fundamental and experimental research in 

humans is necessary to determine the underlying processes and effects before being recommended 

for consumption.  

This research is accompanied by several limitations. No meta-analysis on the effects of 

prebiotics could be done due to limited research data. In addition, there were also limited studies 

regarding the effect of probiotics by which no funnel plot could be calculated (Higgins & Green, 

2011). Therefore no statements could be done with respect to publication bias and reliability of the 

synthesized results.  Another limitation is the variation of memory scales across the included studies. 

Most studies used validated scales such as VLT, DST, CERAD-K, RBANS and subscales from the NIH 

Toolbox. However some studies didn’t include the name or description of the used scale (Smith, 

2005; Smith et al., 2015) or didn’t add references to validation studies (Chung et al., 2014; Rudzki 

et al., 2019; Xiao et al., 2020). Next, all included studies which reported the usage of prebiotics, 

used compounds which are internationally accepted as prebiotics (Markowiak & Śliżewska, 2017). 

This relates to inulin, FOS and GOS. However there are several candidate prebiotics such as 

xylooligosaccharides, isomaltooligosaccharides, β-Glucans and polyphenols (Floch et al., 2016), 

which are not included. Especially with regards to polyphenols, a complex group of metabolized 

phytochemicals from a variety of food sources (Floch et al., 2016), a lot research has been published 

recently. A recent systematic review of 12 studies showed that polyphenols increased cognitive 

performance, mostly STM and LTM (Travica et al., 2020). It is recommended that the group of 

polyphenols be further investigated so that they potentially meet the criteria of prebiotics in the 
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future as well. Next, no trials were included regarding the effect of pre- and probiotics in children 

and adolescents (< 18 years old), by which the potential effect related to development could not be 

analyzed. However it’s certain that infancy is an essential period for microbiota- and neuronal 

development (Dinan & Cryan, 2017). More research is needed to establish the effect of altered 

microbiota composition in early life on neuropsychological functioning and development in humans 

(Yang et al., 2016). Finally, a lot of research have been focusing on BDNF as a neuronal substrate 

of memory improvement (Burokas et al., 2017; Chung et al., 2014; Desbonnet et al., 2008; Hwang 

et al., 2019; Kim et al., 2021; Sanborn et al., 2020; Savignac et al., 2013; Vázquez et al., 2015; 

Williams et al., 2016). However more research is needed regarding the favorable effects of 

inflammation reduction. With systemic inflammation being the potential general underlying factor 

(Komanduri et al., 2019; Wallace & Milev, 2017), the way is open for mind-body techniques that 

support and augment the effects of pre- and probiotics through a multicomponent intervention. 
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Conclusion 

 

This is the first systematic review and meta-analysis regarding the effect of pre- and probiotics on 

human memory. However the differences between the individual studies are large, the results of 

this meta-analysis suggest that the efficacy of probiotics in ameliorating human memory is 

insignificant and insufficient. No statement could be made about the effect of prebiotics. There is a 

need for both more qualitative RCT’s and research concerning the underlying mechanisms of 

memory development. The use of pre- and probiotics in improving memory is not recommended as 

long as more qualitative research showing a significant positive effect in health or disease is not 

available.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 33 

References 

 

 

Aguirre, G. K., Detre, J. A., Alsop, D. C., & D’Esposito, M. (1996). The parahippocampus subserves 

topographical learning in man. Cerebral Cortex 6, 823–829. doi: 10.1093/cercor/6.6.823  

 

Aguirre, G. K., Zarahn, E., and D’Esposito, M. (1998). An area within human ventral cortex sensitive 

to “building” stimuli: evidence and implications. Neuron 21, 373–383. doi: 10.1016/S0896-

6273(00)80546-2 

 

AlFaleh, K., & Anabrees, J. (2014). Probiotics for prevention of necrotizing enterocolitis in preterm 

infants. The Cochrane database of systematic reviews, (4), CD005496. 

https://doi.org/10.1002/14651858.CD005496.pub4 

 

Allen, A. P., Dinan, T. G., Clarke, G., & Cryan, J. F. (2017). A psychology of the human brain-gut-

microbiome axis. Social and personality psychology compass, 11(4), e12309. 

https://doi.org/10.1111/spc3.12309 

 

Allen, A. P., Hutch, W., Borre, Y. E., Kennedy, P. J., Temko, A., Boylan, G., Murphy, E., Cryan, J. F., 

Dinan, T. G., & Clarke, G. (2016). Bifidobacterium longum 1714 as a translational 

psychobiotic: modulation of stress, electrophysiology and neurocognition in healthy 

volunteers. Translational psychiatry, 6(11), e939. https://doi.org/10.1038/tp.2016.191 

 

Ahrne, S., & Hagslatt, M. L. (2011). Effect of lactobacilli on paracellular permeability in the 

gut. Nutrients, 3(1), 104–117. https://doi.org/10.3390/nu3010104 

 

Athari Nik Azm, S., Djazayeri, A., Safa, M., Azami, K., Ahmadvand, B., Sabbaghziarani, F., 

Sharifzadeh, M., & Vafa, M. (2018). Lactobacilli and bifidobacteria ameliorate memory and 

learning deficits and oxidative stress in β-amyloid (1-42) injected rats. Applied physiology, 

nutrition, and metabolism = Physiologie appliquee, nutrition et metabolisme, 43(7), 718–

726. https://doi.org/10.1139/apnm-2017-0648 

 



 34 

Baddeley A. (2000). The episodic buffer: a new component of working memory?. Trends in cognitive 

sciences, 4(11), 417–423. https://doi.org/10.1016/s1364-6613(00)01538-2 

 

Baddeley A. (1992). Working memory. Science (New York, N.Y.), 255(5044), 556–559. 

https://doi.org/10.1126/science.1736359 

 

Baddeley A. & Hitch G. (1974). Working Memory. Psychology of Learning and Motivation, 8, 47-89. 

https://doi.org/10.1016/S0079-7421(08)60452-1 

 

Belmonte, L., Beutheu Youmba, S., Bertiaux-Vandaële, N., Antonietti, M., Lecleire, S., Zalar, A., 

Gourcerol, G., Leroi, A. M., Déchelotte, P., Coëffier, M., & Ducrotté, P. (2012). Role of toll 

like receptors in irritable bowel syndrome: differential mucosal immune activation according 

to the disease subtype. PloS one, 7(8), e42777. 

https://doi.org/10.1371/journal.pone.0042777 

 

Belorkar, S. A., & Gupta, A. K. (2016). Oligosaccharides: a boon from nature's desk. AMB 

Express, 6(1), 82. https://doi.org/10.1186/s13568-016-0253-5 

 

Binder, J. R., & Desai, R. H. (2011). The neurobiology of semantic memory. Trends in cognitive 

sciences, 15(11), 527–536. https://doi.org/10.1016/j.tics.2011.10.001 

 

Brandão, R. L., Castro, I. M., Bambirra, E. A., Amaral, S. C., Fietto, L. G., Tropia, M. J., Neves, M. 

J., Dos Santos, R. G., Gomes, N. C., & Nicoli, J. R. (1998). Intracellular signal triggered by 

cholera toxin in Saccharomyces boulardii and Saccharomyces cerevisiae. Applied and 

environmental microbiology, 64(2), 564–568. https://doi.org/10.1128/AEM.64.2.564-

568.1998 

 

Brigadski, T & Lessmann, V. (2014). BDNF: A regulator of learning and memory processes with 

clinical potential. e-Neuroforum. 5. 1-11. 10.1007/s13295-014-0053-9. 

 

Burokas, A., Arboleya, S., Moloney, R. D., Peterson, V. L., Murphy, K., Clarke, G., Stanton, C., 

Dinan, T. G., & Cryan, J. F. (2017). Targeting the Microbiota-Gut-Brain Axis: Prebiotics Have 



 35 

Anxiolytic and Antidepressant-like Effects and Reverse the Impact of Chronic Stress in 

Mice. Biological psychiatry, 82(7), 472–487. 

https://doi.org/10.1016/j.biopsych.2016.12.031 

 

Campbell, J. M., Fahey, G. C., Jr, & Wolf, B. W. (1997). Selected indigestible oligosaccharides affect 

large bowel mass, cecal and fecal short-chain fatty acids, pH and microflora in rats. The 

Journal of nutrition, 127(1), 130–136. https://doi.org/10.1093/jn/127.1.130 

 

Camina, E., & Güell, F. (2017). The Neuroanatomical, Neurophysiological and Psychological Basis of 

Memory: Current Models and Their Origins. Frontiers in pharmacology, 8, 438. 

https://doi.org/10.3389/fphar.2017.00438 

 

Caselli, M., Cassol, F., Calò, G., Holton, J., Zuliani, G., & Gasbarrini, A. (2013). Actual concept of 

"probiotics": is it more functional to science or business?. World journal of 

gastroenterology, 19(10), 1527–1540. https://doi.org/10.3748/wjg.v19.i10.1527 

 

Christian, K.M., Poulos, A.M., Thompson, R.F. (2014). Chapter 2 – Learning and memory: basic 

principles and model systems. In Selzer, M., Clarke, S., Cohen, L., Kwakkel, G., Miller, R 

(Reds). Textbook of Neural Repair and Rehabilitation (pp. 22-35). Cambridge University 

Press 

 

Chunchai, T., Thunapong, W., Yasom, S., Wanchai, K., Eaimworawuthikul, S., Metzler, G., 

Lungkaphin, A., Pongchaidecha, A., Sirilun, S., Chaiyasut, C., Pratchayasakul, W., 

Thiennimitr, P., Chattipakorn, N., & Chattipakorn, S. C. (2018). Decreased microglial 

activation through gut-brain axis by prebiotics, probiotics, or synbiotics effectively restored 

cognitive function in obese-insulin resistant rats. Journal of neuroinflammation, 15(1), 11. 

https://doi.org/10.1186/s12974-018-1055-2 

 

Chung, Y.C., Jin, H.M., Cui, Y., Kim, D.S., Jung, J.M., Park, J.I., Jung, E.S., Choi, E.K. & Chae, S.W. 

(2014). Fermented milk of Lactobacillus helveticus IDCC3801 improves cognitive functioning 

during cognitive fatigue tests in healthy older adults. Journal of Functional Foods, 10, 465-

474. https://doi.org/10.1016/j.jff.2014.07.007 



 36 

 

Cong, X., Xu, W., Janton, S., Henderson, W. A., Matson, A., McGrath, J. M., Maas, K., & Graf, J. 

(2016). Gut Microbiome Developmental Patterns in Early Life of Preterm Infants: Impacts of 

Feeding and Gender. PloS one, 11(4), e0152751. 

https://doi.org/10.1371/journal.pone.0152751 

 

Constantinidis, C., & Procyk, E. (2004). The primate working memory networks. Cognitive, affective 

& behavioral neuroscience, 4(4), 444–465. https://doi.org/10.3758/cabn.4.4.444  

 

Craver, C. F. (2003). The making of a memory mechanism. J. History Biol. 36, 153–195. doi: 

10.1023/A:1022596107834 

 

Cunha, C., Brambilla, R., & Thomas, K. L. (2010). A simple role for BDNF in learning and memory?. 

Frontiers in molecular neuroscience, 3, 1. https://doi.org/10.3389/neuro.02.001.2010 

 

de Vos, W. M., & de Vos, E. A. (2012). Role of the intestinal microbiome in health and disease: from 

correlation to causation. Nutrition reviews, 70 Suppl 1, S45–S56. 

https://doi.org/10.1111/j.1753-4887.2012.00505.x 

 

Deng, H., Dong, X., Chen, M., & Zou, Z. (2020). Efficacy of probiotics on cognition, and biomarkers 

of inflammation and oxidative stress in adults with Alzheimer's disease or mild cognitive 

impairment - a meta-analysis of randomized controlled trials. Aging, 12(4), 4010–4039. 

https://doi.org/10.18632/aging.102810 

 

Desbonnet, L., Garrett, L., Clarke, G., Bienenstock, J., & Dinan, T. G. (2008). The probiotic 

Bifidobacteria infantis: An assessment of potential antidepressant properties in the 

rat. Journal of psychiatric research, 43(2), 164–174. 

https://doi.org/10.1016/j.jpsychires.2008.03.009 

 

Diaz Heijtz R. (2016). Fetal, neonatal, and infant microbiome: Perturbations and subsequent effects 

on brain development and behavior. Seminars in fetal & neonatal medicine, 21(6), 410–417. 

https://doi.org/10.1016/j.siny.2016.04.012 



 37 

 

Dinan, T. G., & Cryan, J. F. (2017). Gut instincts: microbiota as a key regulator of brain development, 

ageing and neurodegeneration. The Journal of physiology, 595(2), 489–503. 

https://doi.org/10.1113/JP273106 

 

Dinan, T. G., Stanton, C., & Cryan, J. F. (2013). Psychobiotics: a novel class of 

psychotropic. Biological psychiatry, 74(10), 720–

726.https://doi.org/10.1016/j.biopsych.2013.05.001 

 

Diplock AT, Aggett P.J., Alexander, J., Alles, M., Anderson, A., Antoine, M., Ashwell M, Asp, N.-G., 

Barth, C.A., Beaufrère, B., Bellisle, F., Biacs, P.A., Bindels, G., Binns, N.M., Blundell, J.E., 

Booth, J., Bornet, F., Bruce, A., Contor, L., Danse, B., Doyran, S., Elmadfa, I., Fern, E., 

Fletcher, R.J., Franck, A., Guarner, F., Guillon, F., Guittard, C., Haehnlein, W., Hanley, B., 

Hautvast, J., Hirahara, T., Hislop, J.R., Hornstra, G., Howlett, J., Huis in’t Veld, J., Knorr, D., 

Kok, F.J., Koletzko, B., Korhonen, H., Korpela, R., Kruseman, J., Lambert, J., Lindley, M.G., 

Lucas, J., Malgarini, G., Meah, M.N., Michel-Drees, Müller, D.J.F., Nielsen, B., Nordmann, H., 

Ovesen, L., Pascal, G., Peters, A.L.J., Riccardi, G., Roberfroid, M., Salminen, S., Saris, 

W.H.M., Stephen, A.M., Tello-Achuela, O., Timmermans, E., Top, R., van den Berg, H., 

Verschuren, P.M., Videla, S., Viechtbauer, V., Viell, B., Vogel, M., Voragen, A.G.J., Walter, 

P., Whitmore, A., Wils, D., Wiseman, J. (1999). Scientific concepts of functional foods in 

Europe: consensus document. British Journal of Nutrition, 81(1), 1-

27. https://doi.org/10.1017/S0007114599000471 

 

Dickerson, B. C., & Eichenbaum, H. (2010). The episodic memory system: neurocircuitry and 

disorders. Neuropsychopharmacology : official publication of the American College of 

Neuropsychopharmacology, 35(1), 86–104. https://doi.org/10.1038/npp.2009.126 

 

Dogra, S., Sakwinska, O., Soh, S. E., Ngom-Bru, C., Brück, W. M., Berger, B., Brüssow, H., Lee, Y. 

S., Yap, F., Chong, Y. S., Godfrey, K. M., Holbrook, J. D., & GUSTO Study Group (2015). 

Dynamics of infant gut microbiota are influenced by delivery mode and gestational duration 

and are associated with subsequent adiposity. mBio, 6(1), e02419-14. 

https://doi.org/10.1128/mBio.02419-14 

https://doi.org/10.1017/S0007114599000471


 38 

 

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K., & Lanctôt, K. L. (2010). 

A meta-analysis of cytokines in major depression. Biological psychiatry, 67(5), 446–457. 

https://doi.org/10.1016/j.biopsych.2009.09.033 

 

Drakoularakou, A., Tzortzis, G., Rastall, R. A., & Gibson, G. R. (2010). A double-blind, placebo-

controlled, randomized human study assessing the capacity of a novel galacto-

oligosaccharide mixture in reducing travellers' diarrhoea. European journal of clinical 

nutrition, 64(2), 146–152. https://doi.org/10.1038/ejcn.2009.120 

Duncan, J., & Owen, A. M. (2000). Common regions of the human frontal lobe recruited by diverse 

cognitive demands. Trends in neurosciences, 23(10), 475–483. 

https://doi.org/10.1016/s0166-2236(00)01633-7 

 

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot-based method of testing and 

adjusting for publication bias in meta-analysis. Biometrics, 56(2), 455–463. 

https://doi.org/10.1111/j.0006-341x.2000.00455.x 

 

Epstein, R. & Kanwisher, N. (1998). A cortical representation of the local visual environment. Nature 

392, 598–601. https://doi.org/10.1038/33402 

 

European Food Safety Authority (EFSA). (2005, April). Opinion of the Scientific Committee on a 

request from EFSA related to a generic approach to the safety assessment by EFSA of 

microorganisms used in food/feed and the production of food/feed additives (No. 226). 

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2005.226 

 

Eysenck, M. (Eds.). (2012). Attention and Arousal : Cognition and Performance. Berlin, Heidelberg: 

Springer Berlin Heidelberg. 

 

El Aidy, S., Dinan, T. G., & Cryan, J. F. (2015). Gut Microbiota: The Conductor in the Orchestra of 

Immune-Neuroendocrine Communication. Clinical therapeutics, 37(5), 954–967. 

https://doi.org/10.1016/j.clinthera.2015.03.002 

 



 39 

Fernandez R.C., Maresma B.G., Juarez A., Martinez J. (2003) Production of fructooligosaccharides 

by β-fructofuranosidase from Aspergillus sp. 27 H. Journal of Chemical Technology & Biotechnology, 

79(3):268–272 

 

Field, A. P., & Gillett, R. (2010). How to do a meta-analysis. The British journal of mathematical and 

statistical psychology, 63(Pt 3), 665–694. https://doi.org/10.1348/000711010X502733 

 

Fjell, A. M., & Walhovd, K. B. (2010). Structural brain changes in aging: courses, causes and 

cognitive consequences. Reviews in the neurosciences, 21(3), 187–221. 

https://doi.org/10.1515/revneuro.2010.21.3.187 

 

Floch, M. H., Ringel, Y., & Walker, W. A. (2016). The Microbiota in Gastrointestinal Pathophysiology. 

Elsevier Gezondheidszorg. 

 

Food and Agriculture Organization of the United Nations (FAO) & World Health Organization (WHO). 

(2002, May). Guidelines for the Evaluation of Probiotics in Food; Report of a Joint FAO/WHO 

Working Group on Drafting Guidelines for the Evaluation of Probiotics in Food. Food and 

Agriculture Organization of the United Nations (FAO). 

https://www.who.int/foodsafety/fs_management/en/probiotic_guidelines.pdf 

 

Franceschi, C., Bonafè, M., Valensin, S., Olivieri, F., De Luca, M., Ottaviani, E., & De Benedictis, G. 

(2000). Inflamm-aging. An evolutionary perspective on immunosenescence. Annals of the 

New York Academy of Sciences, 908, 244–254. https://doi.org/10.1111/j.1749-

6632.2000.tb06651.x 

 

Gibson, G. R., Hutkins, R., Sanders, M. E., Prescott, S. L., Reimer, R. A., Salminen, S. J., Scott, K., 

Stanton, C., Swanson, K. S., Cani, P. D., Verbeke, K., & Reid, G. (2017). Expert consensus 

document: The International Scientific Association for Probiotics and Prebiotics (ISAPP) 

consensus statement on the definition and scope of prebiotics. Nature reviews. 

Gastroenterology & hepatology, 14(8), 491–502. https://doi.org/10.1038/nrgastro.2017.75 

 



 40 

Gareau, M. G., Wine, E., Rodrigues, D. M., Cho, J. H., Whary, M. T., Philpott, D. J., Macqueen, G., 

& Sherman, P. M. (2011). Bacterial infection causes stress-induced memory dysfunction in 

mice. Gut, 60(3), 307–317. https://doi.org/10.1136/gut.2009.202515 

 

Gibson, G. R., & Roberfroid, M. B. (1995). Dietary modulation of the human colonic microbiota: 

introducing the concept of prebiotics. The Journal of nutrition, 125(6), 1401–1412. 

https://doi.org/10.1093/jn/125.6.1401 

 

Grenham, S., Clarke, G., Cryan, J. F., & Dinan, T. G. (2011). Brain-gut-microbe communication in 

health and disease. Frontiers in physiology, 2, 94. 

https://doi.org/10.3389/fphys.2011.00094 

 

Grigorenko, E. L., Mambrino, E., & Preiss, D. D. (Eds.). (2012). Writing: A mosaic of new 

perspectives. Psychology Press. https://doi.org/10.4324/9780203808481 

 

Guillot, J.F. (2003). Probiotic feed additives. J. Vet. Pharmacol. Ther., 26, 52–55. 

 

Hamady, M., & Knight, R. (2009). Microbial community profiling for human microbiome projects: 

Tools, techniques, and challenges. Genome research, 19(7), 1141–1152. 

https://doi.org/10.1101/gr.085464.108 

 

Heldt, S. A., Stanek, L., Chhatwal, J. P., & Ressler, K. J. (2007). Hippocampus-specific deletion of 

BDNF in adult mice impairs spatial memory and extinction of aversive memories. Molecular 

psychiatry, 12(7), 656–670. https://doi.org/10.1038/sj.mp.4001957 

 

Higgins, J. P. T., & Green, S. (2011). Cochrane Handbook for Systematic Reviews of Interventions 

(Version 5.1.0 ed.). Wiley. https://handbook-5-1.cochrane.org/ 

 

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in 

meta-analyses. BMJ (Clinical research ed.), 327(7414), 557–560. 

https://doi.org/10.1136/bmj.327.7414.557 

 



 41 

Ho, S. T., Hsieh, Y. T., Wang, S. Y., & Chen, M. J. (2019). Improving effect of a probiotic mixture 

on memory and learning abilities in d-galactose-treated aging mice. Journal of dairy science, 

102(3), 1901–1909. https://doi.org/10.3168/jds.2018-15811 

 

Hwang, Y. H., Park, S., Paik, J. W., Chae, S. W., Kim, D. H., Jeong, D. G., Ha, E., Kim, M., Hong, 

G., Park, S. H., Jung, S. J., Lee, S. M., Na, K. H., Kim, J., & Chung, Y. C. (2019). Efficacy 

and Safety of Lactobacillus Plantarum C29-Fermented Soybean (DW2009) in Individuals with 

Mild Cognitive Impairment: A 12-Week, Multi-Center, Randomized, Double-Blind, Placebo-

Controlled Clinical Trial. Nutrients, 11(2), 305. https://doi.org/10.3390/nu11020305 

 

Inoue, T., Kobayashi, Y., Mori, N., Sakagawa, M., Xiao, J. Z., Moritani, T., Sakane, N., & Nagai, N. 

(2018). Effect of combined bifidobacteria supplementation and resistance training on 

cognitive function, body composition and bowel habits of healthy elderly subjects. Beneficial 

microbes, 9(6), 843–853. https://doi.org/10.3920/BM2017.0193  

 

Ishai, A., Ungerleider, L. G., Martin, A., Schouten, J. L., & Haxby, J. V. (1999). Distributed 

representation of objects in the human ventral visual pathway. Proc. Natl. Acad. Sci. U.S.A. 

96, 9379–9384. doi: 10.1073/PNAS.96.16.9379 

 

Isolauri, E., Sütas, Y., Kankaanpää, P., Arvilommi, H., & Salminen, S. (2001). Probiotics: effects on 

immunity. The American journal of clinical nutrition, 73(2 Suppl), 444S–450S. 

https://doi.org/10.1093/ajcn/73.2.444s 

 

Jakobsson, H. E., Abrahamsson, T. R., Jenmalm, M. C., Harris, K., Quince, C., Jernberg, C., 

Björkstén, B., Engstrand, L., & Andersson, A. F. (2014). Decreased gut microbiota diversity, 

delayed Bacteroidetes colonisation and reduced Th1 responses in infants delivered by 

caesarean section. Gut, 63(4), 559–566. https://doi.org/10.1136/gutjnl-2012-303249 

 

Karczewski, J., Troost, F. J., Konings, I., Dekker, J., Kleerebezem, M., Brummer, R. J., & Wells, J. 

M. (2010). Regulation of human epithelial tight junction proteins by Lactobacillus plantarum 

in vivo and protective effects on the epithelial barrier. American journal of physiology. 



 42 

Gastrointestinal and liver physiology, 298(6), G851–G859. 

https://doi.org/10.1152/ajpgi.00327.2009 

 

Kim, C. S., Cha, L., Sim, M., Jung, S., Chun, W. Y., Baik, H. W., & Shin, D. M. (2021). Probiotic 

Supplementation Improves Cognitive Function and Mood with Changes in Gut Microbiota in 

Community-Dwelling Older Adults: A Randomized, Double-Blind, Placebo-Controlled, 

Multicenter Trial. The journals of gerontology. Series A, Biological sciences and medical 

sciences, 76(1), 32–40. https://doi.org/10.1093/gerona/glaa090 

 

Kobayashi, Y., Kuhara, T., Oki, M., & Xiao, J. Z. (2019). Effects of Bifidobacterium breve A1 on the 

cognitive function of older adults with memory complaints: a randomised, double-blind, 

placebo-controlled trial. Beneficial microbes, 10(5), 511–520. 

https://doi.org/10.3920/BM2018.0170 

 

Kobayashi, Y., Sugahara, H., Shimada, K., Mitsuyama, E., Kuhara, T., Yasuoka, A., Kondo, T., Abe, 

K., & Xiao, J. Z. (2017). Therapeutic potential of Bifidobacterium breve strain A1 for 

preventing cognitive impairment in Alzheimer's disease. Scientific reports, 7(1), 13510. 

https://doi.org/10.1038/s41598-017-13368-2 

 

Koh, A., De Vadder, F., Kovatcheva-Datchary, P., & Bäckhed, F. (2016). From Dietary Fiber to Host 

Physiology: Short-Chain Fatty Acids as Key Bacterial Metabolites. Cell, 165(6), 1332–1345. 

https://doi.org/10.1016/j.cell.2016.05.041 

 

Komanduri, M., Gondalia, S., Scholey, A., & Stough, C. (2019). The microbiome and cognitive aging: 

a review of mechanisms. Psychopharmacology, 236(5), 1559–1571. 

https://doi.org/10.1007/s00213-019-05231-1 

 

Kreitzer A. C. (2009). Physiology and pharmacology of striatal neurons. Annual review of 

neuroscience, 32, 127–147. https://doi.org/10.1146/annurev.neuro.051508.135422 

 



 43 

Lambrecht, W., Hermans, N. (2013). Geheugen. In Lambrecht, W. & Hermans, N (Reds), Breinzicht, 

Toegepaste neuropsychologie bij niet-aangeboren hersenletsel (pp. 105-130). Gent: 

Acamedia Press 

 

Lew, L. C., Hor, Y. Y., Yusoff, N., Choi, S. B., Yusoff, M., Roslan, N. S., Ahmad, A., Mohammad, J., 

Abdullah, M., Zakaria, N., Wahid, N., Sun, Z., Kwok, L. Y., Zhang, H., & Liong, M. T. (2018). 

Probiotic Lactobacillus plantarum P8 alleviated stress and anxiety while enhancing memory 

and cognition in stressed adults: A randomised, double-blind, placebo-controlled study. 

Clinical nutrition (Edinburgh, Scotland), 38(5), 2053–2064. 

https://doi.org/10.1016/j.clnu.2018.09.010 

 

Lin, L., Zheng, L. J., & Zhang, L. J. (2018). Neuroinflammation, Gut Microbiome, and Alzheimer's 

Disease. Molecular neurobiology, 55(11), 8243–8250. https://doi.org/10.1007/s12035-

018-0983-2 

 

Liu, B., He, Y., Wang, M., Liu, J., Ju, Y., Zhang, Y., Liu, T., Li, L., & Li, Q. (2018). Efficacy of probiotics 

on anxiety-A meta-analysis of randomized controlled trials. Depression and anxiety, 35(10), 

935–945. https://doi.org/10.1002/da.22811 

 

Liu, R. T., Walsh, R., & Sheehan, A. E. (2019). Prebiotics and probiotics for depression and anxiety: 

A systematic review and meta-analysis of controlled clinical trials. Neuroscience and 

biobehavioral reviews, 102, 13–23. https://doi.org/10.1016/j.neubiorev.2019.03.023 

 

Lu, Y., Christian, K., & Lu, B. (2008). BDNF: a key regulator for protein synthesis-dependent LTP 

and long-term memory?. Neurobiology of learning and memory, 89(3), 312–323. 

https://doi.org/10.1016/j.nlm.2007.08.018 

 

Lozupone, C. A., Stombaugh, J. I., Gordon, J. I., Jansson, J. K., & Knight, R. (2012). Diversity, 

stability and resilience of the human gut microbiota. Nature, 489(7415), 220–230. 

https://doi.org/10.1038/nature11550 

 



 44 

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout the 

lifespan on the brain, behaviour and cognition. Nature reviews. Neuroscience, 10(6), 434–

445. https://doi.org/10.1038/nrn2639 

 

Meeter, M., Hendriks, M. (2018). Geheugen. In Kessels, R., Eling, P., Ponds, R., Spikman, J., Van 

Zandvoort, M (Reds),  Klinische Neuropsychologie (8ste druk, pp. 197-218). Amsterdam: 

Boom Uitgevers Amsterdam 

 

Mao, Y., Nobaek, S., Kasravi, B., Adawi, D., Stenram, U., Molin, G., & Jeppsson, B. (1996). The 

effects of Lactobacillus strains and oat fiber on methotrexate-induced enterocolitis in 

rats. Gastroenterology, 111(2), 334–344. 

https://doi.org/10.1053/gast.1996.v111.pm8690198 

 

Markowiak, P., & Śliżewska, K. (2017). Effects of Probiotics, Prebiotics, and Synbiotics on Human 

Health. Nutrients, 9(9), 1021. https://doi.org/10.3390/nu9091021 

 

Mardini, H. E., & Grigorian, A. Y. (2014). Probiotic mix VSL#3 is effective adjunctive therapy for mild 

to moderately active ulcerative colitis: a meta-analysis. Inflammatory bowel diseases, 20(9), 

1562–1567. https://doi.org/10.1097/MIB.0000000000000084 

 

Mayer E. A. (2011). Gut feelings: the emerging biology of gut-brain communication. Nature reviews. 

Neuroscience, 12(8), 453–466. https://doi.org/10.1038/nrn3071 

 

Mayer, E. A., Knight, R., Mazmanian, S. K., Cryan, J. F., & Tillisch, K. (2014). Gut microbes and the 

brain: paradigm shift in neuroscience. The Journal of neuroscience : the official journal of 

the Society for Neuroscience, 34(46), 15490–15496. 

https://doi.org/10.1523/JNEUROSCI.3299-14.2014 

 

McFall-Ngai, M., Hadfield, M. G., Bosch, T. C., Carey, H. V., Domazet-Lošo, T., Douglas, A. E., 

Dubilier, N., Eberl, G., Fukami, T., Gilbert, S. F., Hentschel, U., King, N., Kjelleberg, S., 

Knoll, A. H., Kremer, N., Mazmanian, S. K., Metcalf, J. L., Nealson, K., Pierce, N. E., Rawls, 

J. F., … Wernegreen, J. J. (2013). Animals in a bacterial world, a new imperative for the life 



 45 

sciences. Proceedings of the National Academy of Sciences of the United States of 

America, 110(9), 3229–3236. https://doi.org/10.1073/pnas.1218525110 

 

McNaught, C. E., Woodcock, N. P., Anderson, A. D., & MacFie, J. (2005). A prospective randomised 

trial of probiotics in critically ill patients. Clinical nutrition (Edinburgh, Scotland), 24(2), 211–

219. https://doi.org/10.1016/j.clnu.2004.08.008 

 

McRae, K., & Jones, M. (2013). Semantic memory. In D. Reisberg (Ed.), Oxford library of 

psychology. The Oxford handbook of cognitive psychology (p. 206–219). Oxford University 

Press. https://doi.org/10.1093/oxfordhb/9780195376746.013.0014 

 

Messaoudi, M., Violle, N., Bisson, J. F., Desor, D., Javelot, H., & Rougeot, C. (2011). Beneficial 

psychological effects of a probiotic formulation (Lactobacillus helveticus R0052 and 

Bifidobacterium longum R0175) in healthy human volunteers. Gut microbes, 2(4), 256–261. 

https://doi.org/10.4161/gmic.2.4.16108 

 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group (2009). Preferred reporting items 

for systematic reviews and meta-analyses: the PRISMA statement. PLoS medicine, 6(7), 

e1000097. https://doi.org/10.1371/journal.pmed.1000097 

 

Moore, N., Chao, C., Yang, L. P., Storm, H., Oliva-Hemker, M., & Saavedra, J. M. (2003). Effects of 

fructo-oligosaccharide-supplemented infant cereal: a double-blind, randomized trial. The 

British journal of nutrition, 90(3), 581–587. https://doi.org/10.1079/bjn2003950 

 

Neu J. (2016). The microbiome during pregnancy and early postnatal life. Seminars in fetal & 

neonatal medicine, 21(6), 373–379. https://doi.org/10.1016/j.siny.2016.05.001 

 

Ng, Q. X., Soh, A., Venkatanarayanan, N., Ho, C., Lim, D. Y., & Yeo, W. S. (2019). A Systematic 

Review of the Effect of Probiotic Supplementation on Schizophrenia 

Symptoms. Neuropsychobiology, 78(1), 1–6. https://doi.org/10.1159/000498862 

 



 46 

Niers, L., Martín, R., Rijkers, G., Sengers, F., Timmerman, H., van Uden, N., Smidt, H., Kimpen, J., 

& Hoekstra, M. (2009). The effects of selected probiotic strains on the development of 

eczema (the PandA study). Allergy, 64(9), 1349–1358. https://doi.org/10.1111/j.1398-

9995.2009.02021.x 

 

Niv, E., Naftali, T., Hallak, R., & Vaisman, N. (2005). The efficacy of Lactobacillus reuteri ATCC 55730 

in the treatment of patients with irritable bowel syndrome--a double blind, placebo-

controlled, randomized study. Clinical nutrition (Edinburgh, Scotland), 24(6), 925–931. 

https://doi.org/10.1016/j.clnu.2005.06.001 

 

O'Hara, A. M., & Shanahan, F. (2006). The gut flora as a forgotten organ. EMBO reports, 7(7), 688–

693. https://doi.org/10.1038/sj.embor.7400731 

 

Ohsawa, K., Nakamura, F., Uchida, N., Mizuno, S., & Yokogoshi, H. (2018). Lactobacillus helveticus-

fermented milk containing lactononadecapeptide (NIPPLTQTPVVVPPFLQPE) improves 

cognitive function in healthy middle-aged adults: a randomised, double-blind, placebo-

controlled trial. International journal of food sciences and nutrition, 69(3), 369–376. 

https://doi.org/10.1080/09637486.2017.1365824 

 

Oishi, K., Sato, T., Yokoi, W., Yoshida, Y., Ito, M., & Sawada, H. (2008). Effect of probiotics, 

Bifidobacterium breve and Lactobacillus casei, on bisphenol A exposure in rats. Bioscience, 

biotechnology, and biochemistry, 72(6), 1409–1415. https://doi.org/10.1271/bbb.70672 

 

Oliveros, E., Ramirez, M., Vazquez, E., Barranco, A., Gruart, A., Delgado-Garcia, J. M., Buck, R., 

Rueda, R., & Martin, M. J. (2016). Oral supplementation of 2'-fucosyllactose during lactation 

improves memory and learning in rats. The Journal of nutritional biochemistry, 31, 20–27. 

https://doi.org/10.1016/j.jnutbio.2015.12.014 

 

Pavlov, I. P. (2010). Conditioned Reflexes: An Investigation of the Physiological Activity of the 

Cerebral Cortex. Annals of Neuroscience, 17(3), 136-141. https://doi.org/ 

10.5214/ans.0972.7531.1017309 

 



 47 

Pittenger C. (2013). Disorders of memory and plasticity in psychiatric disease. Dialogues in clinical 

neuroscience, 15(4), 455–463. https://doi.org/10.31887/DCNS.2013.15.4/cpittenger 

 

Potter, M. C. (1999). Understanding sentences and scenes: The role of conceptual short-term 

memory. In V. Coltheart (Ed.), MIT Press/Bradford Books series in cognitive psychology. 

Fleeting memories: Cognition of brief visual stimuli (p. 13–46). The MIT Press. 

 

Quigley E. (2017). Microbiota-Brain-Gut Axis and Neurodegenerative Diseases. Current neurology 

and neuroscience reports, 17(12), 94. https://doi.org/10.1007/s11910-017-0802-6 

 

Reid, L. M., & Maclullich, A. M. (2006). Subjective memory complaints and cognitive impairment in 

older people. Dementia and geriatric cognitive disorders, 22(5-6), 471–485. 

https://doi.org/10.1159/000096295 

 

Rudzki, L., Ostrowska, L., Pawlak, D., Małus, A., Pawlak, K., Waszkiewicz, N., & Szulc, A. (2019). 

Probiotic Lactobacillus Plantarum 299v decreases kynurenine concentration and improves 

cognitive functions in patients with major depression: A double-blind, randomized, placebo 

controlled study. Psychoneuroendocrinology, 100, 213–222. 

https://doi.org/10.1016/j.psyneuen.2018.10.010 

 

Sanborn, V., Azcarate-Peril, M. A., Updegraff, J., Manderino, L., & Gunstad, J. (2020). Randomized 

Clinical Trial Examining the Impact of Lactobacillus rhamnosus GG Probiotic Supplementation 

on Cognitive Functioning in Middle-aged and Older Adults. Neuropsychiatric disease and 

treatment, 16, 2765–2777. https://doi.org/10.2147/NDT.S270035 

 

Sanders, M. E., Guarner, F., Guerrant, R., Holt, P. R., Quigley, E. M., Sartor, R. B., Sherman, P. M., 

& Mayer, E. A. (2013). An update on the use and investigation of probiotics in health and 

disease. Gut, 62(5), 787–796. https://doi.org/10.1136/gutjnl-2012-302504 

 

Sanders, M. E., Merenstein, D. J., Reid, G., Gibson, G. R., & Rastall, R. A. (2019). Probiotics and 

prebiotics in intestinal health and disease: from biology to the clinic. Nature reviews. 



 48 

Gastroenterology & hepatology, 16(10), 605–616. https://doi.org/10.1038/s41575-019-

0173-3 

 

Saminathan M., Sieo C.C., Kalavathy R., Abdullah N., Ho Y.W. (2011). Effect of prebiotic 

oligosaccharides on growth of Lactobacillus strains used as a probiotic for chickens. African 

Journal of Microbiology Research, 5(1), 57–64. https:// 10.5897/AJMR10.700 

 

Sarkar, A., Harty, S., Lehto, S. M., Moeller, A. H., Dinan, T. G., Dunbar, R., Cryan, J. F., & Burnet, 

P. (2018). The Microbiome in Psychology and Cognitive Neuroscience. Trends in cognitive 

sciences, 22(7), 611–636. https://doi.org/10.1016/j.tics.2018.04.006 

 

Sarkar, A., Lehto, S. M., Harty, S., Dinan, T. G., Cryan, J. F., & Burnet, P. (2016). Psychobiotics and 

the Manipulation of Bacteria-Gut-Brain Signals. Trends in neurosciences, 39(11), 763–781. 

https://doi.org/10.1016/j.tins.2016.09.002 

 

Savignac, H. M., Corona, G., Mills, H., Chen, L., Spencer, J. P., Tzortzis, G., & Burnet, P. W. (2013). 

Prebiotic feeding elevates central brain derived neurotrophic factor, N-methyl-D-aspartate 

receptor subunits and D-serine. Neurochemistry international, 63(8), 756–764. 

https://doi.org/10.1016/j.neuint.2013.10.006 

 

Savignac, H. M., Tramullas, M., Kiely, B., Dinan, T. G., & Cryan, J. F. (2015). Bifidobacteria modulate 

cognitive processes in an anxious mouse strain. Behavioural brain research, 287, 59–72. 

https://doi.org/10.1016/j.bbr.2015.02.044 

 

Schmidt, K., Cowen, P. J., Harmer, C. J., Tzortzis, G., Errington, S., & Burnet, P. W. (2015). Prebiotic 

intake reduces the waking cortisol response and alters emotional bias in healthy volunteers. 

Psychopharmacology, 232(10), 1793–1801. https://doi.org/10.1007/s00213-014-3810-0 

 

Senok, A. C., Ismaeel, A. Y., & Botta, G. A. (2005). Probiotics: facts and myths. Clinical microbiology 

and infection : the official publication of the European Society of Clinical Microbiology and 

Infectious Diseases, 11(12), 958–966. https://doi.org/10.1111/j.1469-0691.2005.01228.x 

 



 49 

Shallice, T. (2002). Fractionation of the supervisory system. In D. T. Stuss & R. T. Knight 

(Eds.), Principles of frontal lobe function (p. 261–277). Oxford University 

Press. https://doi.org/10.1093/acprof:oso/9780195134971.003.0017 

 

Sharon, G., Sampson, T. R., Geschwind, D. H., & Mazmanian, S. K. (2016). The Central Nervous 

System and the Gut Microbiome. Cell, 167(4), 915–932. 

https://doi.org/10.1016/j.cell.2016.10.027 

 

Smith, A. P., Sutherland, D., & Hewlett, P. (2015). An Investigation of the Acute Effects of 

Oligofructose-Enriched Inulin on Subjective Wellbeing, Mood and Cognitive Performance. 

Nutrients, 7(11), 8887–8896. https://doi.org/10.3390/nu7115441 

 

Smith A. P. (2005). The concept of well-being: relevance to nutrition research. The British journal 

of nutrition, 93 Suppl 1, S1–S5. https://doi.org/10.1079/bjn20041351 

 

Sommer, F., & Bäckhed, F. (2016). Know your neighbor: Microbiota and host epithelial cells interact 

locally to control intestinal function and physiology. BioEssays : news and reviews in 

molecular, cellular and developmental biology, 38(5), 455–464. 

https://doi.org/10.1002/bies.201500151 

 

Souza, J. P., Pileggi, C., & Cecatti, J. G. (2007). Assessment of funnel plot asymmetry and publication 

bias in reproductive health meta-analyses: an analytic survey. Reproductive health, 4, 3. 

https://doi.org/10.1186/1742-4755-4-3 

 

Squire L. R. (2004). Memory systems of the brain: a brief history and current 

perspective. Neurobiology of learning and memory, 82(3), 171–177. 

https://doi.org/10.1016/j.nlm.2004.06.005 

 

Szajewska, H., Kołodziej, M., Gieruszczak-Białek, D., Skórka, A., Ruszczyński, M., & Shamir, R. 

(2019). Systematic review with meta-analysis: Lactobacillus rhamnosus GG for treating 

acute gastroenteritis in children - a 2019 update. Alimentary pharmacology & therapeutics, 

49(11), 1376–1384. https://doi.org/10.1111/apt.15267 



 50 

 

Theis, K. R., Dheilly, N. M., Klassen, J. L., Brucker, R. M., Baines, J. F., Bosch, T. C., Cryan, J. F., 

Gilbert, S. F., Goodnight, C. J., Lloyd, E. A., Sapp, J., Vandenkoornhuyse, P., Zilber-

Rosenberg, I., Rosenberg, E., & Bordenstein, S. R. (2016). Getting the Hologenome Concept 

Right: an Eco-Evolutionary Framework for Hosts and Their Microbiomes. mSystems, 1(2), 

e00028-16. https://doi.org/10.1128/mSystems.00028-16 

 

Thompson, R. F., & Kim, J. J. (1996). Memory systems in the brain and localization of a memory. 

Proceedings of the National Academy of Sciences of the United States of America, 93(24), 

13438–13444. https://doi.org/10.1073/pnas.93.24.13438 

 

Thorndike, E. L. (1932). The Fundamentals of Learning. New York, NY: Teachers College Bureau of 

Publications 

 

Tsay, H. J., Wang, P., Wang, S. L., & Ku, H. H. (2000). Age-associated changes of superoxide 

dismutase and catalase activities in the rat brain. Journal of biomedical science, 7(6), 466–

474. https://doi.org/10.1007/BF02253362 

 

Travica, N., D'Cunha, N. M., Naumovski, N., Kent, K., Mellor, D. D., Firth, J., Georgousopoulou, E. 

N., Dean, O. M., Loughman, A., Jacka, F., & Marx, W. (2020). The effect of blueberry 

interventions on cognitive performance and mood: A systematic review of randomized 

controlled trials. Brain, behavior, and immunity, 85, 96–105. 

https://doi.org/10.1016/j.bbi.2019.04.001 

 

Ursell, L. K., Haiser, H. J., Van Treuren, W., Garg, N., Reddivari, L., Vanamala, J., Dorrestein, P. C., 

Turnbaugh, P. J., & Knight, R. (2014). The intestinal metabolome: an intersection between 

microbiota and host. Gastroenterology, 146(6), 1470–1476. 

https://doi.org/10.1053/j.gastro.2014.03.001 

 

Vandenbergh P.A. (1993). Lactic acid bacteria, their metabolic products and interference with 

microbial growth, FEMS Microbiology Reviews, 12(1-3), 221–237, 

https://doi.org/10.1111/j.1574-6976.1993.tb00020.x 



 51 

 

Vangay, P., Ward, T., Gerber, J. S., & Knights, D. (2015). Antibiotics, pediatric dysbiosis, and 

disease. Cell host & microbe, 17(5), 553–564. https://doi.org/10.1016/j.chom.2015.04.006 

 

Vázquez, E., Barranco, A., Ramírez, M., Gruart, A., Delgado-García, J. M., Martínez-Lara, E., Blanco, 

S., Martín, M. J., Castanys, E., Buck, R., Prieto, P., & Rueda, R. (2015). Effects of a human 

milk oligosaccharide, 2'-fucosyllactose, on hippocampal long-term potentiation and learning 

capabilities in rodents. The Journal of nutritional biochemistry, 26(5), 455–465. 

https://doi.org/10.1016/j.jnutbio.2014.11.016 

 

Vigliocco, G., Meteyard, L., Andrews, M., and Kousta, S. (2009). Toward a theory of semantic 

representation. Language and Cognition, 1(2), 219–247, 

https://doi.org/10.1515/LANGCOG.2009.011 

 

Vink, M. T., Kuin, Y., Westerhof, G. J., Lamers, S. M. A., & Pot, A. M. (2017). Handboek 

ouderenpsychologie. De Tijdstroom. 

 

Wallace, C., & Milev, R. (2017). The effects of probiotics on depressive symptoms in humans: a 

systematic review. Annals of general psychiatry, 16, 14. https://doi.org/10.1186/s12991-

017-0138-2 

 

Wang, T., Hu, X., Liang, S., Li, W., Wu, X., Wang, L., & Jin, F. (2015). Lactobacillus fermentum NS9 

restores the antibiotic induced physiological and psychological abnormalities in rats. 

Beneficial microbes, 6(5), 707–717. https://doi.org/10.3920/BM2014.0177 

 

Wang, Y. 2009. Prebiotics: Present and future in food science and technology. Food Res. Int, 42, 8–

12. 

 

Weingarten, E., Chen, Q., McAdams, M., Yi, J., Hepler, J., & Albarracín, D. (2016). From primed 

concepts to action: A meta-analysis of the behavioral effects of incidentally presented 

words. Psychological bulletin, 142(5), 472–497. https://doi.org/10.1037/bul0000030 

 



 52 

Whorwell, P. J., Altringer, L., Morel, J., Bond, Y., Charbonneau, D., O'Mahony, L., Kiely, B., 

Shanahan, F., & Quigley, E. M. (2006). Efficacy of an encapsulated probiotic Bifidobacterium 

infantis 35624 in women with irritable bowel syndrome. The American journal of 

gastroenterology, 101(7), 1581–1590. https://doi.org/10.1111/j.1572-0241.2006.00734.x 

 

Williams, S., Chen, L., Savignac, H. M., Tzortzis, G., Anthony, D. C., & Burnet, P. W. (2016). 

Neonatal prebiotic (BGOS) supplementation increases the levels of synaptophysin, GluN2A-

subunits and BDNF proteins in the adult rat hippocampus. Synapse (New York, N.Y.), 70(3), 

121–124. https://doi.org/10.1002/syn.21880 

 

 

Yang, I., Corwin, E. J., Brennan, P. A., Jordan, S., Murphy, J. R., & Dunlop, A. (2016). The Infant 

Microbiome: Implications for Infant Health and Neurocognitive Development. Nursing 

research, 65(1), 76–88. https://doi.org/10.1097/NNR.0000000000000133 

 

Yang, X., Yu, D., Xue, L., Li, H., & Du, J. (2020). Probiotics modulate the microbiota-gut-brain axis 

and improve memory deficits in aged SAMP8 mice. Acta pharmaceutica Sinica. B, 10(3), 

475–487. https://doi.org/10.1016/j.apsb.2019.07.001 

 

Xiao, J., Katsumata, N., Bernier, F., Ohno, K., Yamauchi, Y., Odamaki, T., Yoshikawa, K., Ito, K., & 

Kaneko, T. (2020). Probiotic Bifidobacterium breve in Improving Cognitive Functions of 

Older Adults with Suspected Mild Cognitive Impairment: A Randomized, Double-Blind, 

Placebo-Controlled Trial. Journal of Alzheimer's disease : JAD, 77(1), 139–147. 

https://doi.org/10.3233/JAD-200488 

 

Zhao, J., , Tian, F., , Yan, S., , Zhai, Q., , Zhang, H., , & Chen, W., (2018). Lactobacillus plantarum 

CCFM10 alleviating oxidative stress and restoring the gut microbiota in d-galactose-induced 

aging mice. Food & function, 9(2), 917–924. https://doi.org/10.1039/c7fo01574g 

 
 

 
 
 



 53 

Appendix 

 

Moderator analysis subgroup by type of sample (LTM ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Moderator analysis subgroup by length of treatment (LTM) 
 

 

 

 

 

 
 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 



 54 

Moderator analysis subgroup by mean age (LTM) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Moderator analysis subgroup by strains of flora (LTM) 
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 Moderator analysis subgroup by type of sample (STM) 
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Moderator analysis subgroup by strains of flora (STM) 
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