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S u m m a r y 

 
Background. During the COVID-19 pandemic, various factors resulted in dramatic changes in the liv-

ing environment of adolescents and young adults, consequently, harming their well-being and having 
a negative impact on their mental health. Therefore, supporting the mental health of young populations has 
been an imperative goal of recent research. There is a growing interest in the use of probiotics as psycho-
biotics to potentially aid in this goal. The review aimed to capture the current state of the literature on the 
impact of psychobiotic supplementation on mental health of adolescents and young adults in the light of 
the COVID-19 pandemic. The scope of the work included a systematic search of three databases: PubMed, 
Web of Science and Scopus, and the ClinicalTrials.gov clinical trial database.  

Results and conclusion. A preliminary search did not allow to find studies referring to the COVID-19 
pandemic. Narrowing queries down to studies conducted before the pandemic allowed to identify eighteen 
studies aimed at determining whether supplementation with probiotics improves the mental health of 
adolescents and young adults. In the included studies, the impact of probiotic consumption on stress levels, 
depressive symptoms, cognitive functioning and neurodevelopment were assessed  most often. The evi-
dence ambiguously indicates the effectiveness of probiotic interventions in ensuring mental health of 
adolescents and young adults. This is probably due to the limited number of small and short-term studies, 
as well as their heterogeneity. The results emerging from the existing literature are encouraging, but it is 
not possible to formulate an unequivocal recommendation. It is essential to plan and conduct new research 
into the role of probiotics in mental health and to verify their clinical efficacy in combating negative health 
effects caused by the coronavirus pandemic, including those affecting the mental health of adolescents and 
young adults. 
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Introduction 

Mental health has been threatened in an unprecedented manner by the COVID-19 
pandemic. Indeed, the youngest population was most exposed to the negative effects of 
the COVID-19 pandemic in terms of mental health. A systematic review of data report-
ing the prevalence of major depressive disorder (n = 46) and anxiety disorders (n = 27) 
during the COVID-19 pandemic, conducted by The Global Burden of Diseases, Inju-
ries, and Risk Factors Study (GBD),  indicated that females were affected more by the 
pandemic than males, and younger age groups were more affected than older age 
groups [1]. The vulnerable developmental stage of children and adolescents may result 
in a higher risk of mental health problems, as do their fears of infection, home con-
finement, suspension of regular schoolwork and extracurricular activities, physical 
distancing mandates and larger-scale threats, such as global financial recessions and 
related consequences. Samji et al. [2] conducted a review of 16 articles presenting data 
on a total of 127,923 children and adolescents. Compared to pre-pandemic estimates, 
children and adolescents reported a higher prevalence of COVID-19-related fear and 
concerns, as well as depressive and anxious symptoms [2]. According to the studies 
included in the review, COVID-19 pandemic control measures had a detrimental effect 
on the mental health of children and adolescents [2]. It is worth pointing out that 
COVID-19 has been declared by UNESCO the most severe disruption to global educa-
tion in history, estimating 1.6 billion students in over 190 countries were fully or par-
tially out of school in 2020 [3]. As a result of school closures and broader social re-
strictions, young people were unable to gather in physical spaces, which surely affected 
their ability to learn, as well as their ability to interact with each other. 

For this reason, due to numerous reports on the microbiome-gut-brain interaction, 
best illustrated in the animal models [4, 5, 6], the question is whether the modulation of 
the composition of the intestinal microbiota could reduce anxiety, fear and stress, and 
positively affect the mental health of adolescents and young adults, which worsened 
during the COVID-19 pandemic. The microbiota-gut-brain axis – bidirectional com-
munication between the microbiome and the brain – has gained prominence as a poten-
tially relevant pathway for maintaining human health. It has been also repeatedly high-
lighted by research in the past decade that gut microbiota influences brain function, 
cognition, and subsequent behavior in childhood and adolescence [7, 8]. It has been 
also demonstrated in animal models that gut microbiota is important for the initial de-
velopment of the brain, including synaptogenesis and myelination of brain areas, as 
well as brain responsiveness and function throughout the lifespan [9, 10]. Additionally, 
it is known that the composition of the human microbiome in certain psychiatric and 
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neurodevelopmental disorders differs from that in healthy individuals and is character-
ized by lower abundances of beneficial microbes (e.g. butyrate-producing Faecalibac-
terium) [11]. Such research has opened opportunities for the development and testing 
of a class of novel microbiome-targeted therapies including probiotics (and postbiot-
ics), prebiotics and synbiotics reconfiguring the microbiome in a more beneficial man-
ner, leading to improved brain function. The term “psychobiotics” refers to these ther-
apies. Psychobiotics appear as a promising adjuvant for conditions such as depression, 
whose prevalence has been increasing since the COVID-19 pandemic, especially in the 
youth population. The advantages of psychobiotics include safety, low cost and lesser 
invasiveness than in some cases of traditional treatment of mental health issues and 
illnesseses [12]. There is still a great deal of nascent research in psychobiotics, but 
regrettably, it is still a long way to go before specific recommendations could be for-
mulated. To date, there have been limited summaries examining the evidence that psy-
chobiotics can improve cognitive and emotional functioning in both adolescents and 
young adults, as well as systematic reviews of the evidence in young people.  

One class of psychobiotics – probiotics – is defined as “live microorganisms that, 
when administered in adequate amounts, confer a health benefit on the host” [13]. It is 
important that the strains of probiotic bacteria used for human consumption are not 
pathogenic and must survive the transit through the gastrointestinal tract [14]. Probiot-
ics, depending on the bacterial strain, can release neuroactive substances [15]. Accord-
ing to research, the Bifidobacterium family is associated with the expression of GABA 
in the brain, whereas the Enterococcus and Streptococcus families are associated with 
serotonin production, and lactic acid bacteria are implicated in GABA and acetylcho-
line production [16]. In vitro and animal research has reliably laid out the psychotropic 
impacts of probiotics. For example, Bravo’s et al. [17] findings highlighted the im-
portance of bacteria in the bidirectional communication of the gut–brain axis. Supple-
mentation of L. rhamnosus JB-1 reduced GABAAα2 mRNA expression in the prefron-
tal cortex and amygdala, but increased GABAAα2 in the hippocampus in mice model. 
Importantly, L. rhamnosus JB-1 also decreased the level of stress-induced corti-
costerone and anxiety and depression-related behavior. What is more significant, the 
neurochemical and behavioral impacts were not found in vagotomized mice, establish-
ing the vagus nerve as a significant modulatory constitutive communication channel 
between the brain and the gut [17]. In another study [18], mice that received a mixture 
of four probiotic strains of lactic acid bacteria together with toxin lipopolysaccharide 
administration revealed a shorter duration of depression- and anxiety-like behavior and 
did not display as severe stress responses in adulthood compared to placebo [18]. Thus, 
there is an urgent need to translate these results to humans, where probiotics could 
prove to be a source of potential ingredients to support mental health in adolescents 
and young adults. 
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The aim of this review was to capture the current state of the literature on probiot-
ics used as psychobiotics in healthy adolescents and young adults, to reduce anxiety 
stress and depression or improve emotional well-being and cognitive functioning that 
have deteriorated since the COVID-19 pandemic. 

Materials and methods 

Preliminary study  

At the first stage, the ClinicalTrials.gov clinical trial database with PICO research 
questions [19] was searched to identify ongoing or completed studies that included: (P) 
a healthy young population, (I) an intervention with probiotic microorganisms, (C) 
comparing to placebo and/or treatment as the usual, (O) with endpoints that included 
measures of stress, anxiety, depression caused by the COVID-19 pandemic. No such 
studies were found. For this reason, it was decided to focus on searching the adequate 
and existing literature on this research topic and referring results to the  COVID-19 
pandemic. 

Protocol 

The same PICO scheme was used to fulfil the literature search. The search was 
performed on trials in healthy humans aged 11–25 for which  active psychobiotic 
treatment included probiotics. The primary outcomes were anxiety and depression 
symptomatology and cognitive functions, and the secondary outcomes were stress 
and/or attention and/or neurodevelopment measures. In order to include all the possible 
studies, no restrictions were placed on the type, quantity or length of probiotic inter-
vention, and studies using postbiotics/paraprobiotics and probiotic supplements in con-
junction with other interventions (i.e. synbiotics) were also included. To that end, stud-
ies without a comparator, such as a placebo control group and/or treatment as the usual 
group, were also included. 

Selection criteria 

Controlled trials assessing anxiety/depression and/or stress, cognition, attention or 
neurodevelopment with at least one active treatment group in both subclinical and clin-
ical populations were included. Inclusion criteria were as follows: (1) mean age in the 
range of 11–25 years old, (2) healthy and clinical samples, (3) minimal measures ob-
tained pre- and postintervention, (4) probiotic administration in any form (alternative-
ly: postbiotics, formerly paraprobiotics, and/or synbiotics) (5) anxiety/depression or 
cognition measured as primary or secondary outcomes with stress or attention, or neu-
rodevelopment proxies also included when present, (6) the use of validated measure-
ment instruments, (7) published and peer-reviewed data and (8) any date of publica-
tion. Exclusion criteria were as follows: (1) administration of prebiotics or other 
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psychobiotics, (2) duplicate data/publications, and (3) unpublished data to ensure good 
research quality. 

Search strategy, study selection, and data extraction 

A search of the following three databases: Scopus, Web of Science, and PubMed 
was performed in March 2023 to identify formally published experimental trials on 
humans in the English language. Each database was searched using well-defined terms. 
The keywords utilized in the various databases can be made available upon request. 
The identified outputs were imported into Rayyan® web application, and duplicates 
were removed. A statistical synthesis of the results was not possible due to the hetero-
geneity of the study characteristics, including the characteristics of the population, the 
interventions and the outcomes. To guide the review process, the PRISMA diagram 
[20] was utilized. 

Results 

Study selection 

The search strategy resulted in 226 de-duplicated studies that were screened to 
identify the thirteen eligible studies for inclusion. In addition, seven studies were iden-
tified by scanning bibliographies of included publications. The final output reached 
eighteen studies (Fig. 1).  

Included studies characteristics 

Table 1 provides a comprehensive summary of each study’s characteristics [21-
38]. All studies included healthy adolescents or young adults. Studies concerning clini-
cal samples, including e.g. attention-deficit hyperactivity disorder (ADHD), learning 
disabilities and mood disorders, have been qualified in the exclusion criteria. Among 
the most common study designs, a cohort of selected university students was followed 
prior to, during, and after the exams [22-26, 28, 30, 38]. Various genera of microorgan-
isms were utilized in the included studies: Saccharomyces, Lacticaseibacillus, Lacti-
plantibacillus, Lactobacillus, Limosilactobacillus, Bifidobacterium, and Streptococcus, 
which were administered singularly or as an appropriate combination thereof [29, 31, 
36-38]. As capsules, powders or sachets, these were delivered with a daily dose of up 
to 1×1011 colony-forming units (CFUs) and a length of intervention ranging from 14 
days to approximately 2 years.  
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Fig. 1.  PRISMA flowchart illustrating the identification of studies for inclusion  
Rys. 1.  Schemat blokowy PRISMA ilustrujący proces identyfikacji badań do włączenia 

Heterogeneity 

The outcomes of the study were highly heterogeneous. There were eight studies 
that included healthy participants under conditions of stress [22-24, 26- 28, 30] and in 
ten studies participants were under normal daily conditions [21, 27, 29, 31-37]. Among 
all eighteen identified studies, thirteen administered probiotics to reduce stress symp-
toms [21-31, 34, 38]. In turn, ten studies assessed the impact of probiotic therapy on 
reducing the symptoms of depression and/or anxiety [24-26, 32-38]. In five studies the 
support of cognitive functions/attention through the administration of probiotics was 
assessed [21, 27, 31, 35, 36].  
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In addition, one study examined the effects of a probiotic therapy on neurodevel-
opment [33]. A variety of stress measures were used, including salivary cortisol, self-
reported stress, blood pressure, heart rate, serum cortisol and performance on a behav-
ioral task (Perceived Stress Scale, PSS). Several validated instruments were used to 
assess anxiety in the studies, such as the Beck Anxiety Inventory (BAI), Beck Depres-
sion Inventory (BDI), State-Trait Anxiety Inventory (STAI), and Depression, Anxiety, 
Stress test (DASS). Finally, a range of assessment tools was used to measure the sup-
port of cognition – The Digit Vigilance Test (DVT), The Cambridge Neuropsychologi-
cal Test Automated Battery (CANTAB), the Leiden Index of Depression Sensitivity-
Revised (LEIDS-R), and Emotional Face-Matching, Emotional Face-Word Stroop, 
Color-Word Stroop and Digit Span Backward Test. The effects of probiotic supple-
mentation on neurodevelopment were studied in two ways, either through The Bayley 
Scales of Infant and Toddler Development or brain-derived neurotrophic factor 
(BDNF). The variety of research methods and results obtained from the studies makes 
it difficult to make direct comparisons between them. Its occurrence is most likely due 
to the novelty of the field. In future studies, it is important to replicate the findings 
reported in these studies and to confirm the efficacy and tolerability of the doses, as 
applicable. 

Intervention effects 

The review revealed mixed results regarding the effects of probiotics on mental 
health among young people, possibly due to the reasons which were mentioned above.  

Stress outcomes 

Six of the thirteen studies that measured stress found no significant effects, which 
could be due to the lack of statistical power [21, 26-29, 31]. In most studies, the num-
ber of participants in each arm oscillated around only twenty individuals, which is ra-
ther a small number in this type of research [21, 22, 25-27, 31, 34]. However, in a 
slightly larger study conducted by Nishida et al. [30] paraprobiotics of Lactobacillus 
gasseri CP2305 improved stress and sleep quality in healthy Japanese medical stu-
dents. Even so, the bacteria strain had been inactivated before consumption, at which 
point it no longer constituted a probiotic but a postbiotic (formerly paraprobiotic). 
Compared with the placebo group, paraprobiotics intake significantly reduced the esca-
lation of cortisol levels [30]. A very careful examination of the results led the authors 
to conclude that the stress-relief effect was related to anti-inflammatory mechanisms, 
which was the result of changes in the microbiota composition caused by paraprobiot-
ics supplementation. Similarly, Salleh et al. [34] found that with supplementation of 
probiotic Lacticaseibacillus casei Shirota after six weeks, the stress levels of young 
badminton players significantly decreased by 20 % (p < 0.001), but no significant 
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changes were detected in the placebo group. Notably, the same intervention also de-
creased anxiety levels by 16 % (p < 0.001) [34]. In other study [25], the same strain L. 
casei Shirota posed the intervention, but differences in favor of probiotic therapy were 
observed only for outcomes including IO salivary cortisol levels (p < 0.05) [25]. In the 
same study, another interesting dependence was demonstrated. Milk fermented with L. 
casei Shirota was found to be effective in preserving gut microbiota diversity, and it 
also alleviated abdominal dysfunction during a stressful period of academic study in 
healthy medical students [25]. As another example, in a randomized, double-blind, 
placebo-controlled study, Lactiplantibacillus plantarum 299v administered to 41 stu-
dents with upcoming exams led to a reduction in corticosterone levels after 10 days 
[22]. In contrast, Karbownik et al. study [24] obtained quite different results, where 
probiotics (Saccharomyces boulardii) were even linked to an increase in heart rate, 
which could be interpreted as increased physiological stress [24].  

According to the reviewed literature, probiotics were found to have mixed results 
in reducing stress in a young population. Given the wide variety of strains that were 
tested (Table 1), the efficacy of the strain or taxonomic group cannot be clearly indi-
cated. 

Anxiety/depression outcomes 

In the case of assessing the impact of psychobiotics on the symptoms of depres-
sion or anxiety, in half of the studies, significant differences were noted in favor of the 
group supplementing probiotics [32, 33, 34, 36, 38]. Qin et al. [32] conducted a study 
in which a probiotic supplement containing Bifidobacterium longum subsp. longum 
was used for anxious college students. The results showed that anxiety decreased in the 
experimental group compared to the control group after 15 days of intervention [32]. In 
another study [33] re-enrolled 238 adolescents, 10 years after supplementation with 
low-lactose milk with either 5×108 Limosilactobacillus reuteri DSM17938 (n = 55), or 
either with 5×108 CFU/d L. casei CRL431 (n = 60). On the Children's Depression In-
ventory, the "reuteri" group scored 0.38 SD (0.01 ÷ 0.75) (p = 0.044) lower than the 
control group [33]. Similar results were obtained in the [38] study where a multi-strain 
probiotic or placebo capsules were administered twice a day for 28 days. As a result, 
students who consumed probiotics showed a significant reduction in their DASS and 
STAI scores as compared to a placebo group at the end of the trial [38]. Steenbergen et 
al. [36] hypothesized that the four-week supplementation of multispecies probiotics 
may act as an adjuvant strategy to ameliorate or prevent depression. It  demonstrated a 
significantly reduced overall cognitive reactivity to sad mood, which was largely ac-
counted for by reduced rumination and aggressive thoughts [36]. It is important to em-
phasize that even though satisfactory results were achieved in all the studies using sup-
plements containing multiple strains of probiotics [35, 36, 37, 38], the overall results 
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for single strains could not be accurately assessed. On the other hand, no significant 
differences between the probiotic and placebo groups were noted in the study of Kar-
bownik et al. [24], Kato-Kataoka et al. [25] and Kato-Kataoka et al. [26] in DASS and 
STAI scores. Curiously enough, a significant difference between the groups in the op-
posite direction to the expected was reported. In the probiotic group on the CES-DC 
scale, scores were higher than in the placebo group [35]. The situation looks similar to 
the effect reported in Tran et al. study [37], in which adverse effects, such as increased 
BAI scores were observed [37].  

Based on all the available literature, probiotics showed mixed results in treating 
depression and/or anxiety in adolescents and young adults. Thus, it is stated that the 
literature currently does not definitely support probiotic use in reducing anxie-
ty/depression. 

Cognition/attention outcomes 

The effectiveness of probiotics in improving cognition was only established in 
two out of five interventional studies [21, 36]. A decrease in reaction times in the digit 
vigilance test was demonstrated following 56 days of L. casei Shirota administration in 
young football players [21]. Steenbergen et al. [36] exhibited that a four-week multi-
species probiotic intervention reduced self-reported cognitive reactivity to sad mood, 
as indexed by the LEIDS-r [36]. Moreover, Papalini et al. [31] observed improvements 
in working memory in the digit span-backward test after the use of multispecies probi-
otics for 28 days, but only under conditions of acute psychophysical stress [31]. In 
contrast, other studies [27, 35] did not reveal significant changes in cognition outcomes 
after the implementation of oral probiotics. Disparities may be caused either by the 
heterogeneity of the studies or by different strains of probiotics being used. In the study 
of Slykerman et al. [35], probiotic strains such as Lacticaseibacillus rhamnosus HN001 
and Bifidobacterium animalis subsp. lactis HN019 were unassociated with cognitive 
improvements in adolescents. This study was as interesting insofar as the assessment 
was conducted after 11 years of probiotics ingestion. Pregnant women consumed one 
of two preparations of probiotics from 35 weeks gestation until six months in the case 
of breastfeeding, and their infants received the same treatment from birth to two years. 
At the age of eleven, the adolescents were assessed for intelligence, executive function, 
attention, depression and anxiety to determine whether providing probiotics in early 
life improved their later neurocognitive development [35]. Nevertheless, no benefit 
was found in either probiotic over the placebo [35].  

To sum up, despite several individual studies reporting significant improvements 
in specific cognitive domains, cumulative results from all studies found no significant 
effect of probiotics on young people cognition. 
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Neurodevelopment outcomes 

Finally, in one study an attempt was made to determine whether probiotics may 
contribute to an adolescents’ central nervous system (CNS) development and suscepti-
bility to neurological disorders [33]. Rianda et al. [33] evaluated the effect of probiot-
ics supplementation supported with calcium in childhood on the later serum brain-
derived neurotrophic factor (BDNF) in adolescents. In the "reuteri" group results were 
0.49 SD (0.02 ÷ 0.95) (p = 0.04) lower on the serum brain-derived neurotrophic factor 
compared to the regular calcium intake group [33]. The serum BDNF was used as a 
tracer neurotrophin for the gut-brain axis [33].  

To summarize the evidence on the modulation of the gut microbiota as a potential 
strategy for neurological disorders and CNS development, despite the hopeful results 
of quoted study, still seems largely unexplored. 

Discussion 

Preliminary research failed to find studies referring to the COVID-19 pandemic, 
using the established PICO research questions, which means that the topic is very fresh 
and new and that no research results have been published so far. Hence, this systematic 
review summarized the current evidence about the effectiveness of probiotic-based 
interventions in managing stress and depression/anxiety as well as improving cognitive 
and attention abilities, as well as neurodevelopment in humans, including adolescents 
and young adults.  

Assumptions based on the reference of the analyzed results from the time before 
the pandemic and unrelated to the pandemic are subject to uncertainty and cannot be 
referred to in a universal way, however, these are the most adequate data currently 
available. To the best of our knowledge, no studies have been planned or completed till 
now to assess the impact of probiotic supplementation on the mental health of adoles-
cents affected by the coronavirus pandemic. 

Most of the authors agree that it would be disastrous to ignore the immediate and 
long-term psychological effects of the COVID-19 pandemic, especially among adoles-
cents and young adults. Young people faced  fears, uncertainties, substantial changes to 
their routines, as well as physical and social isolation, alongside a high level of parental 
stress [2]. Even though not all mental health issues can be prevented, there are steps to 
ensure child mental health. One of these steps could be the use of psychotropic medica-
tions. However, in view of the immense hazards of psychotropic drugs, there has been 
an ongoing exploration of the possibilities of treating mental disorders using "green" or 
"natural" alternatives with an acceptable safety profile [39]. Probiotics, when used as 
psychobiotics, meet this criterion perfectly.  



THE IMPACT OF THE SUPPLEMENTATION OF PROBIOTICS USED AS PSYCHOBIOTICS ON… 43 

In light of this review’s results, it can be concluded that so far there has been lim-
ited evidence for the use of probiotics as psychobiotics to reduce stress and depres-
sion/anxiety, improve cognition and attention and neurodevelopment in young people. 
Several factors contributed to these findings – the heterogeneity of treatment, dosage 
and duration made direct comparisons of interventions difficult. In addition, the way in 
which outcome measures were conceptualized varied across studies, complicating the 
assessment of stress, anxiety/depression, cognition, attention and neurodevelopment 
indices. It is important to note that the authors of the included studies did not use any 
systematic methodology to assess whether a strain or formulation of probiotics exhibit-
ed a psychobiotic effect and each of them chose the assays that they considered to be 
the most suitable for their study, which resulted in a very variable, heterogeneous array 
of experiments. In this sense, it leads to a wide range of results (even for the same 
strains used), which are difficult to compare or classify according to specific criteria. 
Nevertheless, all probiotic intervention doses seemed similar across cogni-
tion/attention, stress and anxiety/depression studies (1×109 ÷ 3×1010 CFU). The strain 
that most often appeared in favor of psychobiotic therapy was Lacticaseibacillus casei 
Shirota [21, 25, 26, 33, 34]. Moreover, even this strain had different effects in different 
studies. For example, in the study of Salleh et al. [34] Lacticaseibacillus casei Shirota 
(with a dosage of 3×1010) was effective in reducing the PSS score, although results of 
another study [21] revealed that there is no significant difference between the probiotic 
(Lacticaseibacillus casei Shirota with the same dosage), and placebo groups for heart 
rate and electrodermal responses. Results of another study showed that Lacticaseibacil-
lus casei Shirota (3×1010) decreased anxiety levels significantly [34], although the 
same results were not delivered by both studies of Kato-Kataoka et al. [25] and [26] 
(both in doses of 100×109). On the other hand, in studies that used supplements con-
taining a mixture of probiotic strains [29, 31, 36-38], it was not possible to accurately 
assess the overall effects of a specific strain. In this case, it is possible that only one of 
the probiotic strains in the supplement mixture was providing beneficial outcomes or 
that the net performance was a result of synergistic interactions between several strains 
in the probiotic mixture in the supplement [36, 40].  

Based on the evidence reviewed, it is impossible to recommend a specific inter-
vention that young people could use to improve their mental health that may be affect-
ed by the  COVID-19 pandemic, i.e. reduce stress, eliminate the risk of anxie-
ty/depression and/or improve cognitive functions and attention.  

Merely in one of the eighteen included studies, secondary outcomes included 
stool bacterial counts [32]. And in turn, two studies conducted assessments of stool 
properties and/or frequency and/or faecal form and color in accordance with the Bristol 
Stool Scale (BSS) [23, 30]. As noted by Basso et al. [41] and Cohen Kadosh et al. [12] 
in their reviews on related topics: “all future studies should include stool sample col-
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lections for gut microbial sequencing to assess direct impacts of the intervention on the 
gut microbiome”. Moreover, it would be also useful to assess metabolome of the fae-
ces, however, this was not done in any of the included studies. It is also noteworthy 
that studies did not account for dietary measures or the consumption of other probiotic 
products or fermented foods (such as yogurt or sauerkraut). Consequently, it cannot be 
excluded that the consumption of probiotics was accompanied by spontaneous dietary 
changes which indirectly accounted for the effect.  

The results of the presented review are in agreement with those found in previous 
systematic reviews and meta-analyses of probiotics intervention on cognitive/ 
stress/anxiety outcomes in young people. Basso et al. [41] analyzed the effect on anxie-
ty, stress and cognition via both prebiotic and probiotic intake in adolescents and 
young adults. They emphasized that more research is required to draw out consistency 
in the effects. That inconsistency was due to non-homogeneity in the trials conducted. 
They suggested consideration of three key factors in future psychobiotic trials: the 
specificity of a population sample, the specificity of intervention and homogeneity in 
outcomes acquired [41]. Cohen Kadosh et al. [12] provided a meta-analysis concerning 
psychobiotic interventions (prebiotics and probiotics) for anxiety in young people, 
where extracted post-intervention outcomes as standard mean differences (SMDs) and 
pooled them based on a random-effects model. Due to the fact that pooled SMD was  
-0.03 (95 % CI: -0.21, 0.14), there was  no effect of psychobiotics to treat anxiety in 
young people [12]. In turn, a sensitivities analysis demonstrated an SMD of 0.16 (95 % 
CI: 0.38, 0.07), suggesting that psychobiotics are insufficient in treating human anxiety 
[12]. For related literature reviews, but including the adult population, Marx et al. [42] 
got to prebiotics, probiotics and fermented foods and cognitive outcomes. According to 
the researchers, more than half of the eligible studies reported improved cognitive out-
comes following an active intervention, but this evidence was not captured in the meta-
analysis, which showed no evidence of beneficial effects [42]. On the other hand, 
Eastwood et al. [43] in their systematic review of probiotic effects on cognition in all 
ages, pointed out concerns regarding the quality of the studies although the majority of 
studies indicated improvements in cognition induced by probiotics [43]. 

Undoubtedly, the influence of probiotics can even be extended to the brain, af-
fecting psychological well-being and cognitive function. The key here is the gut-brain 
axis, the bidirectional communication network that links the enteric and central nerv-
ous systems. Animal studies provide a compelling illustration of the power of this 
communication system. Microbiota-depleted rodents, either as a result of an antibiotic 
therapy or as a result of being raised in sterile environments, exhibit a variety of behav-
ioral defects [4-6]. Strikingly, it is a reversible process, recolonization allows to coun-
teract these effects [44]. It is well known that certain psychiatric and neurodevelop-
mental disorders can alter the composition of the microbiome in the human body. This 
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is where psychobiotics can come in handy to reconfigure the microbiome to a more 
preferential profile, with benefits for the brain. The prospect of psychobiotic treatment 
is exciting, particularly considering the rising prevalence of disorders such as depres-
sion following from the COVID-19 pandemic, and the small number of drug discover-
ies that have taken place over the past few years for such conditions. For this reason, it 
is worth asking whether psychobiotic interventions in the form of probiotics may be 
effective in supporting the already fragile mental health of young people, which has 
been debilitated by the COVID-19 pandemic. The interpretation of the included psy-
chobiotic research requires the consideration of several factors. To measure psychiatric 
symptoms, a variety of tools are available, making it difficult to summarize the results. 
In addition, a myriad of product types and effects shown is currently hindering the 
ability to draw solid conclusions regarding probiotic interventions. It is important to 
note, however, that this treatment is  safe, affordable and less invasive than some sorts 
of traditional treatment for mental illness. Young patients who resist or do not respond 
to the standard treatment of depression/anxiety and/or chronic stress may find the abil-
ity to modify the microbiota appealing. In addition, thanks to psychobiotics, it will be 
possible to increase cognitive functions and support the development of adolescents’ 
brain, which is undergoing amazing transformations. Nevertheless, the evidence cited 
in this review of the literature tempers enthusiasm, and the future will exhibit whether 
the excitement of the scientific community was justified. 

Conclusions 

Currently available evidence presented in this review indicates that probiotic in-
terventions are variously effective for supporting cognitive/attentional function, reduc-
ing stress, preventing depression/anxiety and/or altering neurodevelopment in adoles-
cents or young adults. The lack of a consistent treatment effect may be attributed to the 
limited number of studies. The lack of statistically powered studies due to the small 
study groups and the significant clinical heterogeneity relating to the population, psy-
chiatrics test design and intervention formulation. The future study should be conduct-
ed to solve the issues identified. It should be also emphasized, that no studies on psy-
chobiotic interventions in young populations in the light of the pandemic of COVID-19 
disease have been found. Nevertheless, research conducted before the pandemic was 
indirectly related to the current times. A growing number of diagnosed mental prob-
lems in the youngest population groups hopefully will force work on finding an effec-
tive remedy for the global mental health crisis. 

 



46 Marcelina Karbowiak, Aneta Brzezicka, Dorota Zielińska 

Literatura 

[1] COVID-19 Mental Disorders Collaborators. Global prevalence and burden of depressive and anxiety 
disorders in 204 countries and territories in 2020 due to the COVID-19 pandemic. Lancet, 2021, 
398(10312),1700-1712. Available from: http://dx.doi.org/10.1016/S0140-6736(21)02143-7 [date ac-
cessed: December 22, 2022].  

[2] Samji H, Wu J, Ladak A, Vossen C, Stewart E, Dove N, Long D., Snell G.: Review: Mental health 
impacts of the COVID-19 pandemic on children and youth - a systematic review. Child Adolesc. 
Ment. Health, 2022, 27(2), 173–89.  

[3] UNESCO Education: from disruption to recovery. UNESCO, 2021. Available from:  
https://en.unesco.org/covid19/educationresponse#:~:text=One%20year%20into%20the%20COVID,r
esult%20of%20the%20health%20crisis [date accessed: December 22, 2022].  

[4] Bercik P., Denou E., Collins J., Jackson W., Lu J., Jury J., Deng Y., Blennerhassett P., Macri J., 
McCoy K.D., Verdu E.F., Collins S.M.: The intestinal microbiota affect central levels of brain-
derived neurotropic factor and behavior in mice. Gastroenterology, 2011, 141(2), 599–609.  

[5] Gareau M.G., Wine E., Rodrigues D.M., Cho J.H., Whary M.T., Philpott D.J., Macqueen G., Sher-
man P.M.: Bacterial infection causes stress-induced memory dysfunction in mice. Gut, 2011, 60(3), 
307-17.  

[6] Kelly J.R., Borre Y., O' Brien C., Patterson E., El Aidy S., Deane J., Kennedy P.J., Beers S., Scott 
K., Moloney G., Hoban A.E., Scott L., Fitzgerald P., Ross P., Stanton C., Clarke G., Cryan J.F., Di-
nan T.G.: Transferring the blues: Depression-associated gut microbiota induces neurobehavioural 
changes in the rat. J. Psychiatr. Res. 2016, 82, 109-118.  

[7] Fung T.C., Olson C.A., Hsiao E.Y.: Interactions between the microbiota, immune and nervous sys-
tems in health and disease. Nat. Neurosci. 2017, 20(2), 145-155.  

[8] de Weerth C.: Do bacteria shape our development? Crosstalk between intestinal microbiota and 
HPA axis. Neurosci. Biobehav. Rev. 2017, 83, 458-471.  

[9] Diaz Heijtz R.: Fetal, neonatal, and infant microbiome: Perturbations and subsequent effects on 
brain development and behavior. Semin. Fetal. Neonatal. Med. 2016, 21(6), 410-417.  

[10] Luczynski P., McVey Neufeld K-A., Oriach C.S., Clarke G., Dinan T.G., Cryan J.F.: Growing up in 
a bubble: Using germ-free animals to assess the influence of the gut Microbiota on brain and behav-
ior. Int. J. Neuropsychopharmacol., 2016, 19(8), pyw020.  

[11] Liu R.T., Rowan-Nash A.D., Sheehan A.E., Walsh R.F.L., Sanzari C.M., Korry B.J., Belenky P.: 
Reductions in anti-inflammatory gut bacteria are associated with depression in a sample of young 
adults. Brain Behav. Immun., 2020, 88, 308-324.  

[12] Cohen Kadosh K., Basso M., Knytl P., Johnstone N., Lau J.Y.F., Gibson G.R.: Psychobiotic inter-
ventions for anxiety in young people: a systematic review and meta-analysis, with youth consulta-
tion. Transl. Psychiatry, 2021,11(1), 352.  

[13] Hill C., Guarner F., Reid G., Gibson G.R., Merenstein D.J., Pot B., Morelli L., Canani R.B., Flint 
H.J., Salminen S., Calder P.C., Sanders M.E.: Expert consensus document. The International Scien-
tific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use 
of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 2014, 11(8), 506-514.  

[14] Hardy H., Harris J., Lyon E., Beal J., Foey A.D.: Probiotics, prebiotics and immunomodulation of 
gut mucosal defences: homeostasis and immunopathology. Nutrients, 2013, 5(6), 1869-1912.  

[15] Dinan T.G., Stanton C., Cryan J.F.: Psychobiotics: a novel class of psychotropic. Biol. Psychiatry, 
2013, 74(10), 720-726.  

[16] Sarkar A., Lehto S.M., Harty S., Dinan T.G., Cryan J.F., Burnet P.W.J.: Psychobiotics and the ma-
nipulation of bacteria-gut-brain signals. Trends Neurosci., 2016;39(11):763–81.  



THE IMPACT OF THE SUPPLEMENTATION OF PROBIOTICS USED AS PSYCHOBIOTICS ON… 47 

[17] Bravo J.A., Forsythe P., Chew M.V., Escaravage E., Savignac H.M., Dinan T.G., Bienenstock J., 
Cryan J.F.: Ingestion of Lactobacillus strain regulates emotional behavior and central GABA recep-
tor expression in a mouse via the vagus nerve. Proc. Natl. Acad. Sci. USA, 2011, 108(38), 16050-
16055.  

[18] Murray E., Sharma R., Smith K.B., Mar K.D., Barve R., Lukasik M., Pirwani A.F., Malette-Guyon 
E., Lamba S., Thomas B.J., Sadeghi-Emamchaie H., Liang J., Mallet J.F., Matar C., Ismail N.: Pro-
biotic consumption during puberty mitigates LPS-induced immune responses and protects against 
stress-induced depression- and anxiety-like behaviors in adulthood in a sex-specific manner. Brain 
Behav. Immun. 2019, 81, 198-212.  

[19] Nishikawa-Pacher A.: Research questions with PICO: A universal mnemonic. Publications, 2022, 
10(3), 21.  

[20] Page M.J., McKenzie J.E., Bossuyt P.M., Boutron I., Hoffmann T.C., Mulrow C.D., Shamseer L., 
Tetzlaff J.M., Akl E.A., Brennan S.E., Chou R., Glanville J., Grimshaw J.M., Hróbjartsson A., Lalu 
M.M., Li T., Loder E.W., Mayo-Wilson E., McDonald S., McGuinness L.A., Stewart L.A., Thomas 
J., Tricco A.C., Welch V.A., Whiting P., Moher D.: The PRISMA 2020 Statement: An Updated 
Guideline for Reporting Systematic Reviews. BMJ, 2021, 372, n71.  

[21] Adikari A.M.G.C.P., Appukutty M., Kuan G.: Effects of daily probiotics supplementation on anxiety 
induced physiological parameters among competitive football players. Nutrients, 2020, 12(7), 1920.  

[22] Andersson H., Tullberg C., Ahrné S., Hamberg K., Lazou Ahrén I., Molin G., Sonesson M., 
Håkansson A.: Oral administration of Lactobacillus plantarum 299v reduces cortisol levels in human 
saliva during examination induced stress: A randomized, double-blind controlled trial. Int. J. Micro-
biol. 2016, 8469018.  

[23] Culpepper T., Christman M.C., Nieves C. Jr, Specht G.J., Rowe C.C., Spaiser S.J., Ford AL, Dahl 
W.J., Girard S.A., Langkamp-Henken B.: Bifidobacterium bifidum R0071 decreases stress-
associated diarrhoea-related symptoms and self-reported stress: a secondary analysis of a random-
ised trial. Benef. Microbes, 2016, 7(3), 327-336.  

[24] Karbownik M.S., Kręczyńska J., Kwarta P., Cybula M., Wiktorowska-Owczarek A., Kowalczyk E., 
Pietras T., Szemraj J.: Effect of supplementation with Saccharomyces boulardii on academic exami-
nation performance and related stress in healthy medical students: A randomized, double-blind, pla-
cebo-controlled trial. Nutrients, 2020, 12(5), 1469.  

[25] Kato-Kataoka A., Nishida K., Takada M., Kawai M., Kikuchi-Hayakawa H., Suda K., Ishikawa H., 
Gondo Y., Shimizu K., Matsuki T., Kushiro A., Hoshi R., Watanabe O., Igarashi T., Miyazaki K., 
Kuwano Y., Rokutan K.: Fermented milk containing Lactobacillus casei strain Shirota preserves the 
diversity of the gut Microbiota and relieves abdominal dysfunction in healthy medical students ex-
posed to academic stress. Appl. Environ. Microbiol. 2016, 82(12), 3649-3658.  

[26] Kato-Kataoka A., Nishida K., Takada M., Suda K., Kawai M., Shimizu K., Kushiro A., Hoshi R., 
Watanabe O., Igarashi T., Miyazaki K., Kuwano Y., Rokutan K.: Fermented milk containing Lacto-
bacillus casei strain Shirota prevents the onset of physical symptoms in medical students under aca-
demic examination stress. Benef. Microbes, 2016, 7(2), 153-156.  

[27] Kelly J.R., Allen A.P., Temko A., Hutch W., Kennedy P.J., Farid N., Murphy E., Boylan G., 
Bienenstock J., Cryan J.F., Clarke G., Dinan T.G.: Lost in translation? The potential psychobiotic 
Lactobacillus rhamnosus (JB-1) fails to modulate stress or cognitive performance in healthy male 
subjects. Brain Behav. Immun., 2017, 61, 50-59.  

[28] Marcos A., Wärnberg J., Nova E., Gómez S., Alvarez A., Alvarez R., Mateos J.A., Cobo J.M.: The 
effect of milk fermented by yogurt cultures plus Lactobacillus casei DN-114001 on the immune re-
sponse of subjects under academic examination stress. Eur. J. Nutr. 2004, 43(6), 381-389.  

[29] Möller C.M., Olsa E.J.A., Ginty A.T., Rapelje A.L., Tindall C.L., Holesh L.A., Petersen K.L., 
Conklin SM.: Influence of acute multispecies and multistrain probiotic supplementation on cardio-



48 Marcelina Karbowiak, Aneta Brzezicka, Dorota Zielińska 

vascular function and reactivity to psychological stress in young adults: A double-blind, randomized, 
placebo-controlled trial. Psychosom. Med. 2017, 79(8), 914-919.  

[30] Nishida K., Sawada D., Kawai T., Kuwano Y., Fujiwara S., Rokutan K.: Para-psychobiotic Lactoba-
cillus gasseri CP2305 ameliorates stress-related symptoms and sleep quality. J. Appl. Microbiol. 
2017, 123(6), 1561-1570.  

[31] Papalini S., Michels F., Kohn N., Wegman J., van Hemert S., Roelofs K., Arias-Vasquez A., Aarts 
E.: Stress matters: Randomized controlled trial on the effect of probiotics on neurocognition. Neuro-
biol. Stress, 2019, 10(100141), 100141.  

[32] Qin Q., Liu H., Yang Y., Wang Y., Xia C., Tian P., Wei J., Li S., Chen T.: Probiotic supplement 
preparation relieves test anxiety by regulating intestinal Microbiota in college students. Dis. Mark-
ers, 2021, 5597401.  

[33] Rianda D., Suradijono S.H.R., Setiawan E.A., Susanto F., Meilianawati M., Prafiantini E., Kok F.J., 
Shankar A.H., Agustina R.: Long-term benefits of probiotics and calcium supplementation during 
childhood, and other biomedical and socioenvironmental factors, on adolescent neurodevelopmental 
outcomes. J. Funct. Foods, 2022, 91, 105014.  

[34] Salleh R.M., Kuan G., Aziz M.N.A., Rahim M.R.A., Rahayu T., Sulaiman S., Kusuma D.W.Y., 
Adikari A.M.G.C.P., Razam M.S.M., Radhakrishnan A.K., Appukutty M.: Effects of probiotics on 
anxiety, stress, mood and fitness of badminton players. Nutrients, 2021, 13(6), 1783.  

[35] Slykerman R.F., Kang J., Van Zyl N., Barthow C., Wickens K., Stanley T., Coomarasamy C., Purdie 
G., Murphy R., Crane J., Mitchell E.A.: Effect of early probiotic supplementation on childhood cog-
nition, behaviour and mood a randomised, placebo-controlled trial. Acta Paediatr. 2018, 107(12), 
2172-2178.  

[36] Steenbergen L., Sellaro R., van Hemert S., Bosch J.A., Colzato L.S.: A randomized controlled trial 
to test the effect of multispecies probiotics on cognitive reactivity to sad mood. Brain Behav. Im-
mun. 2015, 48, 258-264.  

[37] Tran N., Zhebrak M., Yacoub C., Pelletier J., Hawley D.: The gut-brain relationship: Investigating 
the effect of multispecies probiotics on anxiety in a randomized placebo-controlled trial of healthy 
young adults. J. Affect. Disord. 2019, 252, 271-277.  

[38] Venkataraman R., Madempudi R.S., Neelamraju J., Ahire J.J., Vinay H.R., Lal A., Thomas G., 
Stephen S.: Effect of multi-strain probiotic formulation on students facing examination stress: A 
double-blind, placebo-controlled study. Probiotics Antimicrob. Proteins, 2021, 13(1), 12–18.  

[39] Zielińska D., Karbowiak M., Brzezicka A.: The role of psychobiotics to ensure mental health during 
the COVID-19 pandemic-A current state of knowledge. Int. J. Environ. Res. Public Health, 2022, 
19(17), 11022.  

[40] Dahiya D., Nigam P.S.: Clinical potential of microbial strains, used in fermentation for probiotic 
food, beverages and in synbiotic supplements, as psychobiotics for cognitive treatment through gut-
brain signaling. Microorganisms, 2022, 10(9), 1687.  

[41] Basso M., Johnstone N., Knytl P., Nauta A., Groeneveld A., Cohen Kadosh K.: A systematic review 
of psychobiotic interventions in children and adolescents to enhance cognitive functioning and emo-
tional behavior. Nutrients, 2022, 14(3), 614.  

[42] Marx W., Scholey A., Firth J., D'Cunha N.M., Lane M., Hockey M., Ashton M.M., Cryan J.F., 
O'Neil A., Naumovski N., Berk M., Dean O.M., Jacka F.: Prebiotics, probiotics, fermented foods 
and cognitive outcomes: A meta-analysis of randomized controlled trials. Neurosci. Biobehav. Rev., 
2020, 118, 472-484.  

[43] Eastwood J., Walton G., Van Hemert S., Williams C., Lamport D.: The effect of probiotics on cogni-
tive function across the human lifespan: A systematic review. Neurosci. Biobehav. Rev. 2021, 128, 
311-327.  



THE IMPACT OF THE SUPPLEMENTATION OF PROBIOTICS USED AS PSYCHOBIOTICS ON… 49 

[44] Kamimura I., Kaneko R., Morita H., Mogi K, Kikusui T.: Microbial colonization history modulates 
anxiety-like and complex social behavior in mice. Neurosci. Res. 2021, 168, 64-75. 

 
 

WPŁYW SUPLEMENTACJI PROBIOTYKAMI STOSOWANYMI JAKO PSYCHOBIOTYKI 
NA ZDROWIE PSYCHICZNE I SAMOPOCZUCIE DOTKNIĘTE PANDEMIĄ COVID-19 

U MŁODZIEŻY I MŁODYCH DOROSŁYCH – PRZEGLĄD LITERATURY  
AKTUALNEGO STANU WIEDZY 

 
S t r e s z c z e n i e 

 
Wprowadzenie. W czasie pandemii COVID-19 różne czynniki spowodowały dramatyczne zmiany 

w środowisku życia młodzieży i młodych dorosłych, które doprowadziły do pogorszenia ich samopoczu-
cia i negatywnie wpłynęły na ich zdrowie psychiczne. Dlatego wspieranie zdrowia psychicznego młodych 
populacji jest nadrzędnym celem badań prowadzonych w ostatnim czasie. Z tego względu, istnieje duże 
zainteresowanie stosowaniem probiotyków jako psychobiotyków. Przegląd miał na celu uchwycenie 
aktualnego stanu literatury dotyczącego wpływu suplementacji probiotykami stosowanymi jako psycho-
biotyki na zdrowie psychiczne młodzieży i młodych dorosłych w świetle pandemii COVID-19. Zakres 
pracy obejmował systematyczne przeszukiwanie trzech baz danych: PubMed, Web of Science i Scopus 
oraz bazy badań klinicznych ClinicalTrials.gov.  

Wyniki i wnioski. Wstępne poszukiwania nie pozwoliły na odnalezienie opracowań odnoszących się 
do pandemii COVID-19. Zawężone kwerendy do badań przeprowadzonych przed pandemią pozwoliły 
zidentyfikować osiemnaście opracowań, których celem było ustalenie, czy suplementacja probiotykami 
poprawia zdrowie psychiczne młodzieży i młodych dorosłych. We włączonych badaniach najczęściej 
oceniano wpływ spożycia probiotyków na poziom stresu, objawy depresyjne, funkcje poznawcze i neuro-
rozwój. Zgromadzone dowody niejednoznacznie wskazują na skuteczność interwencji probiotycznych 
w zapewnieniu zdrowia psychicznego dzieci i młodzieży. Wynika to prawdopodobnie z ograniczonej 
liczby małych i krótkoterminowych badań, a także ich heterogeniczności. Wyniki wyłaniające się z istnie-
jącego piśmiennictwa są zachęcające, jednak nie jest możliwe sformułowanie jednoznacznej rekomenda-
cji. Niezbędne jest zaplanowanie i przeprowadzenie badań nad rolą probiotyków w zapewnieniu zdrowia 
psychicznego oraz weryfikacja ich skuteczności klinicznej w zwalczaniu negatywnych skutków zdrowot-
nych wywołanych pandemią koronawirusa, w tym wpływających na zdrowie psychiczne młodzieży 
i młodych dorosłych. 

 
Słowa kluczowe: pandemia COVID-19; zdrowie psychiczne; probiotyki; psychobiotyki; młodzież  
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