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Abstract

Objectives: In recent decades, the diagnostic and therapeutic implications of the microbiome 

changes and the impact of probiotic supplementation have increased rapidly. However, the 

potential for clinical translation of microbiome research for children and adolescents with 

psychiatric disorders is unclear. This review examined available evidence related to gut microbiota 

as well as the impact of probiotic supplementation on psychiatric disorders in the pediatric 

population reported to date.

Methods: We performed a literature search for the gut microbiota in child and adolescent 

population (0–18 years old) with mental health disorders from July 1999 through July 2019 in 

several databases: ClinicalTrials.gov, Ovid EBM Reviews, Ovid Embase, Ovid Medline, Ovid 

PsycINFO, Scopus, and Web of Science.

Results: A total of 7 studies met inclusion criteria consisting of randomized controlled trials and 

cohort studies that examined various associations between psychiatric disorders and gut 

microbiota in youth. Six studies examined the effects of various treatment interventions such as 

probiotic supplementation on microbiota composition and behaviors. One study showed an 

increase in prosocial behavior in children with Autism Spectrum Disorder (ASD) and an increase 

in the Lachnospiraceae family following prebiotic supplementation. Another study suggested that 

prebiotic supplementation increased bifidobacterial populations for ASD and healthy controls. A 

study evaluating infant supplementation of prebiotics showed both a decreased likelihood of 
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developing Attention Deficit Hyperactivity Disorder (ADHD) or ASD and decreased gut 

Bifidobacterium. One study did not find significant differences in microbiome composition after 

micronutrient treatment.

Conclusion: The main goal of this systematic review was to comprehensively examine and 

summarize the current evidence focused on the potential effect of the relationship between 

microbiota gut composition as well as the effects of probiotic supplementation on psychiatric 

disorders in children and adolescents. This is a relatively new area of research and the number of 

included studies is limited. More studies are needed to determine whether gut dysbiosis leads to 

the development and/or contributes to the severity of mental disorders or whether gut dysbiosis is a 

result of other processes that accompany mental disorders.

Clinical significance: A better understanding of the specific bacteria contributions, gut-brain 

pathways, and role in pathophysiological mechanisms in neuropsychiatric disorders in the child 

and adolescent populations can possibly provide alternative tools for a clinical psychiatrist. 

Moreover, it may ultimately aid the clinician with intervention strategies, or detect populations at 

risk for developing neuropsychiatric disorders.
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1. Introduction

Recently, the number of putative diagnostic and therapeutic implications of the gut 

microbiome has increased rapidly. Initially, the microorganisms that colonize humans were 

estimated to outnumber human cells by a factor of ten (Turnbaugh et al., 2007). However, 

Sender and colleagues published an updated analysis that reported bacteria colonization in 

the body is the same as the number of human cells, approximately 0.2 kg of the total mass 

(Sender et al., 2016). The microbiome has become an area of focus for research in the recent 

decade. Modern laboratory tools have helped facilitate microbiome research focused on 

developing insights into the microbiome’s interaction with the human body and brain in 

particular. Prior work has established that the gut microbiome likely has a key role in 

metabolism, immune defense, and behavior (Cresci and Bawden, 2015).

The phrase gut-brain-axis was established to describe the bidirectional processing of signals 

from the central nervous system (CNS) and the gut (Cryan and Dinan, 2012). This 

bidirectional association between the CNS and the gastrointestinal system relies on 

communication through neural, endocrine, and inflammatory mechanistic pathways (Martin 

et al., 2018). The CNS can impact the gut microbiome in the metabolic state through defined 

microbial-derived intermediates such as short-chain fatty acids (SCFAs), secondary bile 

acids (2BAs), and tryptophan metabolites (Tolhurst et al., 2012) (Islam et al., 2011; Tolhurst 

et al., 2012). Animal based studies and preclinical studies showed that the vagus nerve plays 

a crucial role in connecting microbiome in the gut with CNS. The gut microbiome is 

responsible for the regulation of major neurotransmitters such as serotonin (5HT) via 

alteration of plasma tryptophan levels.
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Previous studies suggest that several factors have been identified that affect microbiome 

composition including preterm birth (Brennan et al., 2019), diet (Harmsen et al., 2000), 

obesity (Tun et al., 2018) probiotic/prebiotic use (Bagga et al., 2018; Umu et al., 2017), 

antibiotic exposure (Zou et al., 2018), vitamin A/D supplementation (Huda et al., 2019; 

Sordillo et al., 2017), allergies (Low et al., 2017), birthing method (Tun et al., 2018), 

geographic location (Boix-Amorós et al., 2019), and smoking (Huang and Shi, 

2019).Moreover, the microbial imbalance called dysbiosis may change depending on the age 

and types of nutrients from which microbes extract energy, starting from infancy when 

microbes obtain energy from milk components, through childhood when solid foods are 

introduced. In females gut composition changes are also under the influence of cyclic 

hormones (Davenport et al., 2017). However, as highlighted by Taylor, there is limited 

understanding about what microbial profile is clearly associated with wellness (Taylor, 

2019).

There is evidence that the gut microbiome influences the neurobiological underpinnings of 

psychiatric disorders (Anglin et al., 2015). The gut microbiome has been correlated with a 

substantial number of human psychiatric disorders including autism spectrum disorder 

(ASD) and depression (Knight et al., 2017). Gut microbiome are responsible for synthesis of 

other neurotransmitters associated with psychiatric disorders such as GABA (gamma-

aminobutric acid), noradrenaline, dopamine and acetylcholine (Desbonnet et al., 2010; Lyte, 

2013, 2014). The prospect of microbiome biomarkers for use in child and adolescent 

psychiatry also has practical appeal given that sample collection is noninvasive.

The findings of the influence of the gut microbiome on psychiatric disorders has sparked 

interest in evaluating the impact of dietary supplements and psychotropic medications on the 

microbiome and health outcomes. Dietary supplement such as probiotics and probiotic 

fermented foods, omega-3 fatty acids, vitamin D, magnesium, and zinc supplementation 

have been studied and demonstrated benefits (Simkin, 2019).Psychotropic medications such 

as neuroleptics are known to increase the risk of weight gain and are associated with altering 

the gut microbiome (Chen et al., 2020). New studies are trying to address ways to mitigate 

weight gain related to neuroleptics medication use. Animal research shows promising data 

suggesting that pre-treatments with betahistidine as well as combination of antibiotics 

(neomycin, metronidazole and polymyxin) might slow weight gain in patients on neuroleptic 

medications (Chen et al., 2020). Changing the microbiome using dietary supplements or 

psychotropic medications may impact side effects of medications and psychiatric disorder 

outcomes.

Previous research demonstrated various experimental approaches to explore the role of gut 

microbiome and potentially manipulate the microbiome to impact psychiatric health 

outcomes. As the evidence base for the microbiome’s role in psychiatric disorders develops, 

there are many potential clinical implications. We sought to systematically review the 

current evidence base regarding human gut microbiota and its role in neuropsychiatric 

disorders.
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2. Methods and materials

This systematic review was performed according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement (Liberati et al., 2009).

2.1. Literature search strategy

The search strategy was designed and conducted by a medical reference librarian with input 

from the study authors for the concepts of gut microbiota in child and adolescent psychiatry. 

The search strategies were created using a combination of keywords and standardized index 

terms. Searches were run in July 2019 in ClinicalTrials.gov, Ovid EBM Reviews, Ovid 

Embase (1974+), Ovid Medline (1946+ including epub ahead of print, in-process & other 

non-indexed citations), Ovid PsycINFO (1806+), Scopus (1970+) and Web of Science 

(1975+). Results were limited to English language from 1999 to 2019. All results were 

exported to Endnote where 970 obvious duplicates were removed leaving 1563 citations. 

Search strategies and keywords are provided in the appendix.

2.2. Selection criteria

Studies were eligible if they a) included human gut microbiota as an outcome and 

individuals with anxiety, depression, psychosis, autism spectrum disorder (ASD), obsessive-

compulsive disorder (OCD), anorexia nervosa, b) studies were limited based on the 

participants age 0–18 years c) only randomized-controlled trials and cohort studies were 

included d) only publications available in English were included, e) studies examining 

microbiota in both children and adults were included only if outcomes were investigated 

independently. Papers that did not address human gut microbiota as an outcome, pre-clinical 

studies and studies in humans above 18 years old, case reports, systematic reviews, narrative 

review, commentaries, editorials, conference abstracts were excluded.

2.3. Data extraction

Two reviewers independently [A.N.L., A.I⋅S] screened the titles and abstract in order to 

evaluate study eligibility. Conflicts of opinion were resolved through consensus with another 

author [M.R]. Full text screening and data extraction were completed by two reviewers 

[A.N.L., P.M.C.]. The agreement between two reviewers was good (Kappa = 0.73). Two 

reviewers [A.N.L., P.M.C.] independently identified, extracted and synthesized the data. 

Third reviewer [M.R.] was consulted when necessary.

2.4. Risk of bias analysis

Risk of bias was determined by two reviewers independently [A.N.L., A.I.S.] for the cohort 

and randomized control studies following Cochrane risk of bias tool (Higgins et al., 2011). 

A risk of bias graphs and summary figure were generated by using the Cochrane Software 

Review Manager (RevMan, 2014).

3. Results

Systematic review identified 2503 articles for screening. 7 studies met our inclusion criteria. 

5 of them were randomized controlled trials (Partty et al., 2015; Stevens et al., 2019; 
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Grimaldi et al., 2018; Parracho et al., 2010; Sanctuary et al., 2019) and 2 of them were 

cohort studies (; Grimaldi et al., 2017; Bahr et al., 2015). The review included randomized 

controlled trials and cohort studies that investigated various associations between mental 

health disorders and gut microbiota composition (Fig. 1). Overall, there were 184 

participants reported on in included studies who provided stool samples. The results of the 

risk of bias assessment are available in supplementary materials.

3.1. ADHD and microbiome

Two studies measured the microbiome composition and the manifestation of ADHD 

(Attention Deficit Hyperactivity Disorder) (Partty et al., 2015; Stevens et al., 2019). Partty et 

al. compared results of the microbiome samples from infants followed up to 13 years old 

(Partty et al., 2015). In this study, 75 subjects were randomly allocated into two groups: 40 

received Lactobacillus rhamnosus GC (probiotic group) and 35 subjects received placebo. 

Results showed that bacterial numbers (analyzed by FISH) of children with neuropsychiatric 

disorders was not significantly different during the first 3 months of life as compared to 

healthy controls. However an assessment by qPCR showed differences in numbers of 

Bifidobacetrium longum between the groups at the age of 3 mo. Children with diagnosed 

neuropsychiatric disorders had a significantly lower median number of B. longum than 

healthy controls. Moreover, only children from the group of participants that received a 

placebo (6 out 35 participants) instead of probiotic Lactobacillus rhamnosus GG (ATCC 

53103) were diagnosed with ADHD or Asperger syndrome (AS) or both by age 13 years. 

The data suggest that early probiotic supplementation may have an impact on decreasing the 

risk of ADHD and AS. In another study, Stevens et al. performed the investigation of how 

micronutrient treatment is associated with the dynamic microbial changes in ADHD 

diagnosed children (Stevens et al., 2019). The results did not show a significant alteration in 

the microbiome taxa. Nevertheless, a significant reduction in the abundance of 

Bifidobacterium genus (gram-positive bacteria that belongs to the Actinobacteria phylum) in 

post-micronutrients treatment individuals was reported.

3.2. Autism and microbiome

A total of 4 studies were identified about the microbiome and autism spectrum disorder. 

They consisted of clinical trials evaluating the effect of probiotic/prebiotics on behavior 

scores or faecal microbial composition. The following interventions were studied: 

Lactobacillus plantarum (Parracho et al., 2010) Bifidobacterium infantis (Sanctuary et al., 

2019), galactooligosaccharide (B-GOS) (Grimaldi et al., 2017) and galactooligosaccharide 

(B-GOS) +/− exclusion diet (mainly gluten and casein free) (Grimaldi et al., 2018). The 

summary of studies can be found in Table 1.

Parracho and colleagues reported a significantly increased number of lactobacilli/

enterococci and a significantly reduced Clostridium cluster after receiving the probiotic L. 

plantarum as compared to placebo in the faecal microbiota of children with ASD (Parracho 

et al., 2010). Additionally, the authors observed differences in stool consistency. Probiotic 

feeding resulted in a different consistency of stool samples. The probiotic group has 

significantly more stool samples classes as” formed” (P < 0.01) and lower “hard” (P < 0.01) 

with probiotic therapy compared to group taking placebo feeding (64.8%); however, the 

Ligezka et al. Page 5

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2022 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



median scores for behavior scales were not significantly different between probiotic and 

placebo groups after receiving the probiotic intervention. An important limitation was a very 

high dropout rate in recruited subjects. The authors highlighted the inherent difficulties (ie. 

12 weeks, comprising collection of six faecal samples, completion of detailed 

questionnaires) of microbiome studies in this population (Parracho et al., 2010).

Sanctuary et al. studied effect of the probiotic Bifidobacterium infantis in combination with 

bovine colostrum product (BCP), compared with the bovine colostrum alone in children 

with ASD and their gastrointestinal symptoms (Sanctuary et al., 2019). Their findings were a 

significant reduction in some aberrant behaviors (irritability, stereotypy, hyperactivity, and 

total scores) based on the Aberrant Behavior Checklist (ABC) questionnaire during a bovine 

colostrum product only treatment.All participants reported a reduction of at least one GI 

symptom after the treatment. A significant reduction in lethargy was observed solely in the 

combination treatment. No differences in adaptive behaviors were observed based on the 

Adaptive Behavior Assessment System–Second Edition ABAS-II questionnaire or repetitive 

behaviors based on the Repetitive Behavior Scale-Revised RBS-R in either group. As to the 

faecal microbial composition there was no treatment effect on any particular genera. The 

study did not have a placebo comparison group of healthy controls and the sample size was 

small (N = 8).

Furthermore, Grimaldi and colleagues assessed the prebiotic galactooligosaccharide (B-

GOS) on a gut microbial ecology and metabolic function using faecal samples from children 

with and without autism in an in vitro gut model system (Grimaldi et al., 2017). They found 

that after the administration of B-GOS there was a significant increase of bifidobacterial 

population in both patients with ASD and healthy controls, and a significant increase of 

lactobacilli in healthy controls.

Finally, another study assessed the impact of exclusion diets and galactooligosaccharide (B-

GOS) prebiotic in 30 children with autism (Grimaldi et al., 2018). This study identified 

several genera present in higher abundance in children with ASD, such as Bacteroides spp, 

Rikenellaceae, Roseburia spp, F. prausnitzii, and Clostridiaceae measured at baseline in the 

exclusion diet group. The unrestricted diet group had a higher abundance of Eggerthella 

lenta, Bifidobacterium spp., B. fragilis, Akkermansia muciphila, Streptococcus anginosus, 

Lactococcus spp., and Dehalobacterium spp. measured at baseline. There was an increase in 

the Bifidobacterium after B-GOS intervention, but there was no significant difference 

between the treatments and the interaction between treatments versus diet groups. Results 

showed a consistent increase over time in prosocial behavior in children when the 

combination of the exclusion diet and B-GOS intervention was used. Moreover, they were 

improvements in anti-social behavior in this group. The authors concluded that the addition 

of the prebiotic could be more beneficial in the ASD individuals than the exclusion diet 

alone.

These studies showed inconsistencies in their outcome measurements in the gut microbiome. 

Overall, all of the studies that assessed changes in behavior scales after probiotic treatment 

reported some kind of improvement.
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3.3. Microbiome and medications

Only one study investigated the effect of psychotropic medications on microbiome (Bahr et 

al., 2015). The study observed that chronic treatment with risperidone (RSD) was associated 

with an increased BMI and a lower ratio of Bateriodetes:Firmicutes as compared with 

controls. In patients who received long term treatment with RSD and who did not experience 

weight gain, the family of Actinobacteria was the most prevalent.

The study suggested that the alterations of Firmicutes and Actinobacteria phyla may drive 

the alterations in the gut microbiota in relation to long-term RSD treatment. The difference 

with alterations in the composition of Formicates and Proteobacteria may be associated to 

weight gain following long-term RSD treatment. It is also important to note that this 

research showed the possibility of using Actinobacteria in development of prebiotics/

probiotics to prevent or reverse weight gain associated with RSP treatment (Bahr et al., 

2015). Desbonnet and colleagues provided the encouraging evidence that probiotic 

administration showed the influence of tryptophan which suggest that manipulation of 

microbiota composition might be strategy in modulation of neurotransmitters activity in 

CNS (Desbonnet et al., 2008). Remarkably, previous preclinical research reported the 

supports that gut flora alteration might be a determinant in pathophysiology of obesity and is 

linked to host energy homeostasis (Turnbaugh et al., 2006; Bäckhed et al., 2007).

4. Discussion

This systematic review summarized clinical studies investigating the impact of gut 

microbiome composition as well as probiotic supplementation through the different 

developmental periods starting from infancy through the early adulthood. The literature 

explored the relation between microbial compositions with various mental health disorders. 

Overall, the investigators suggest variability in the bacterial species associated with mental 

health disorders. The data from five publications that were included in the review described 

modulation of the intestinal microbiome using different types of probiotics (L. rhamnosus, 

bimuno galactooligosaccharide B-GOS, L.plantarum WCFS1, Bifidobacterium infantis) and 

prebiotic (L. plantarum) (Partty et al., 2015; Grimaldi et al., 2017; Grimaldi et al., 2018; 

Parracho et al., 2010; Sanctuary et al., 2019). A previous pre-clinical study shed some light 

on underlying mechanism of action and showed neurochemical alterations in gut 

microbiome using L. rhamnosus (JB-1) in healthy male mice (Bravo et al., 2011). L. 
rhamnosus could mediate a direct impact on the GABAergic system, which is thought to be 

involved in the development of psychiatric symptoms related to stress. Moreover, this study 

demonstrated that probiotic supplementation may have an association with behavioral and 

physiological reactions connected to vagus nerve (Bravo et al., 2011).

Anxiety and gastrointestinal problems are frequently comorbid. Animal models are helpful 

with explaining underlying mechanisms of actions. Most of the studies discuss activation of 

the vagus nerve in the gut-brain axis. Nevertheless, some studies in animal models are 

investigating the gut-brain pathways through the vagus nerve by using vagotomy surgery. 

For instance, Bercik et al. performed a study on animal models with the vagotomy surgery 

and gastrointestinal inflammation. After the daily administration of probiotic 

Bifidobacterium longum, they observed a reduction of anxiety-like behavior in mice. The 
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study demonstrated that gut-brain signals are not limited to the mediation of the vagus nerve. 

The data suggest impact of other biological pathways (Bercik et al., 2014). There were no 

studies that addressed issues of pediatric mood disorder or psychosis.

Many studies are investigating the effect of microbiome colonization in children with 

autism. ASD is characterized by a significant heterogeneity of behaviors, medical 

comorbidities, and cognitive capability, therefore, gastrointestinal (GI) issues can be 

challenging to identify and study in patients with ASD (Saurman et al., 2020). Sanctuary et 

al. was able to investigate the impact of supplementation of probiotic Bifidobacterium 
infantis and prebiotic a bovine colostrum product (BCP) in autistic children and their 

gastrointestinal symptoms. In his study all participants reported a reduction of at least one 

GI symptom after the treatment (Sanctuary et al., 2019). Unfortunately the study did not 

have a placebo comparison group, they also did not have healthy controls which was a 

limitation of the study. Their sample size was small (N = 8).

One of the included studies also examined the effect of probiotic on the microbiome. The 

reported results showed that administration of probiotic Lactobacillus plantarum WCSD1 

reduced the number of Clostridium cluster XIVa and increased Lactobacilli and enterococci 

species (Parracho et al., 2010) in children with ASD. Moreover, other previous clinical work 

demonstrated improvement in oppositional and defiant behaviors in children with ASD after 

the application of Lactobacillus plantarum PS128 (Liu et al., 2019). Considering the 

complexity of phenotypes in ASD future studies should focus on identifying the probiotic 

intervention to ASD phenotype and specific comorbid symptoms.

Prior systematic review by Barbosa and Vieira-Coelho summarized the existing clinical 

evidence of impact of probiotics and prebiotics use in patients with neuropsychiatric 

disorders. The study demonstrated that probiotics might offer some benefits for other 

psychiatric disorders like major depressive disorder and Alzheimer’s disease, but results for 

ASD were inconsistent (Barbosa and Vieira-Coelho et al., 2020). In contrast to that review 

our paper specifically focused on pediatric population and psychiatric disorders.

In terms of weight gain associated with neuroleptic medications and its impact on 

microbiome the study by Bahr and colleagues reported preliminary evidence that in patients 

chronically treated with RSD that in addition to the weight gain there is also alteration of gut 

microbiota composition with significantly lower ration of Bacterioidetes:Firmicutes (Bahr et 

al., 2015). Le Bastard et al. summarized the findings and reported the association between 

proton pump inhibitors and antipsychotic medications as reducers of α diversity of the gut 

microbiome (Le Bastard et al., 2018). Davey and Morgan and their colleagues proposed 

mechanisms for antipsychotics medication pathway and their impact on intestinal 

microbiome as a directly effecting the growth of organisms of the gut (Davey et al., 2012; 

Morgan et al., 2014). It is important that we have a better understanding of neuroleptics 

mechanisms of action as it may lead to improved treatments with potentially less side 

effects.

Understanding of microbiota could be significant both for prediction of susceptibility for 

development of psychiatric symptoms and disorders such as ADHD or ASD. In a small 
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study by Partty lower number of Bifidobacteria genus in participants seemed to predispose 

them to development of ADHD or ASD later in life (Partty et al., 2015). Results of that 

study have to be taken with caution due to very low numbers, however, the design of the 

study is interesting and worth replication.

The present review also was able to underscore the need for future studies of the microbiome 

and mental health disorders in the child and adolescent population. Specifically there is a 

need for more longitudinal cohort studies that would allow us to dissect the complex 

relationships between the microbiota, patient, environment, and various psychiatric 

outcomes. Neuropsychiatric disorders are complex and multifactorial and it is unlikely that 

there is a direct correlation between them and microbiota. Luckily there have been 

significant advances in brain imaging, epigenomics as well as metabolomics studies that 

could help with our understanding of the dynamic interconnections between these system-

wide data. The reviewed studies that discuss probiotic supplementation suggest that before 

moving forward with our research on the microbiome in children and adolescents with 

neuropsychiatric disorders, we should deepen our understanding of the meaning and impact 

of microbiome changes on psychiatric disorders.

The present review has a number of limitations that are important to consider in the 

synthesis and interpretation of findings. The small samples size across all the studies was 

low and this limited statistical power. There were differences in metrics and high 

heterogeneity across studies included in the review (Ioannidis et al., 2008). Conversely in 

general the risk of bias analysis of the studies was favorable. Inclusion/exclusion selection 

process did not specify the type of microbiota sequencing in this review. 16S rRNA 

sequencing versus shotgun metagenomics results in markedly different resolution at the 

species and strain levels and therefore better reliability. Notably strengths include 

randomization, allocation concealment, double blinding, minimal attrition, and a low risk of 

reporting bias. Nevertheless, a larger number of randomized-controlled trials and 

longitudinal cohort studies are urgently needed.

5. Conclusion

This systematic review investigated a link between differences in microbiome composition 

and neuropsychiatric disorders such as ADHD, ASD, and anxiety disorders in children. This 

is a relatively new area of research and the number of included studies is limited. More 

studies are needed to determine whether gut dysbiosis leads to the development and/or 

contributes to the severity of mental disorders or whether gut dysbiosis is a result of other 

processes that accompany mental disorders.
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Fig. 1. 
PRISMA flow diagram illustrating the systematic search procedure.
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