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Department of Child Psychiatry, Medical University of Warsaw, Poland   

A R T I C L E  I N F O   

Keywords: 
ADHD 
Attention deficit hyperactivity disorder 
Gut microbiota 
Probiotic 
Gut–brain axis 

A B S T R A C T   

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder characterized by 
inattention, impulsivity and hyperactivity. The etiology of the disorder is multi-factorial, with a main focus on 
genetic factors. However, emerging research shows the involvement of changes and imbalances in the intestinal 
microbiota. Evidence for the influence of gut microbiota on brain development and neurogenesis is clear. 

We present a review of emerging research on the microbiota in the ADHD population. The aim of this study 
was to summarize the current state of knowledge on ADHD, to identify gaps in knowledge, as well as to indicate 
the directions of new research. Thanks to the researchers that would be possible to better understand the 
complexity of ADHD etiology, especially the role of the intestinal microbiota in the pathogenesis of the disorder. 
Pubmed, Scopus and Google Scholar databases were used while writing the review. 

Numerous studies show that probiotic supplementation can have a positive effect on the course of neuro
developmental disorders, including ADHD. Unfortunately, clinical studies that were identified are mostly 
inconclusive, and more high-quality research is needed to produce robust evidence for therapy based on in
terventions targeting microbiota.   

1. Introduction 

Attention deficit hyperactivity disorder (ADHD) is a neuro
developmental disorder characterized by a continuous disorder of the 
cognitive functioning pattern, clinically manifesting itself primarily 
with symptoms that could be divided into three groups: excessive 
mobility, inattention, and excessive impulsiveness. The symptoms are 
developmentally inappropriate and highly impairing. ADHD is one of 
the most common neurodevelopmental disorders diagnosed in children 
and adolescents, however, it should not be forgotten that this disorder 
also affects a large group of adult people. Studies have shown that 
pooled estimates suggest that 7.2% of children are affected by ADHD 
(Thomas et al., 2015). 

The etiology of attention deficit hyperactivity disorder is complex – a 
number of factors have been demonstrated that may affect the occur
rence of the disorder, such as genetic and environmental factors and 
those associated with perinatal damage; however, identifying true 
causality of environmental risk factors for ADHD is highly disputable. 
There is a well-known genetic predisposition shown in numerous family 
and twin studies (Grimm et al., 2020). Studies conducted on pairs of 

twins show a very high level of inheritance, estimated at 71–90% 
(Faraone et al., 2005). 

The most important role is attributed to genetic factors, mainly 
associated with genes for the dopamine DRD4 and DRD5 receptors as 
well as genes for the dopamine and serotonin transmitter (Bonvicini 
et al., 2020), and the dopaminergic theory of ADHD will be disputed 
below. Genome-wide association studies (GWAS) have discovered a 
relationship between microdeletion and microduplication of DNA frag
ments that are typically not seen in karyotype tests (Byrne et al., 2020). 
However, no specific genes have been identified that could be directly 
responsible for the development of ADHD (Grimm et al., 2018). On the 
other hand, a recent meta-analysis revealed 12 independent genome- 
wide significant loci and found that FOXP2 on chromosome 7 corre
lates with the diagnosis (Demontis et al., 2019). 

Another new direction of focus of studies on the risk factors for 
attention deficit hyperactivity disorder is changes and imbalances in 
intestinal microbiota and its potential impact on the occurrence and 
clinical course of neurodevelopmental disorders (Sandgren and Brum
mer, 2018). 

The main problems discussed in our review are the subject of the 
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broadly understood intestinal microbiota in the context of ADHD, 
particularly its impact on the frequency and severity of the symptoms of 
this neurodevelopment disorder, the theoretical basis of the observed 
correlations and the hypothetical therapeutic possibility of probiotics. 

The method used was review of the available international literature 
from 1999 to 2020 with particular emphasis on the news of the last 10 
years. 

We have reviewed the literature on the influence of the gut micro
biota on the function of the dopaminergic and noradrenergic systems, 
we thoroughly described the observed changes in the intestinal flora in 
ADHD patients, as well as we have reviewed and summarized the latest 
scientific reports on modifying the composition of the microbiota and 
the potential therapeutic effect of the above-mentioned. 

Pubmed, Scopus and Google Scholar databases were used while 
writing the review. The work presents the state of knowledge on October 
20, 2020. We have used keywords: ADHD, attention deficit hyperac
tivity disorder, gut microbiota, probiotic, gut-brain axis and their 
appropriate combinations to find the relevant papers. We have included 
79 literature positions. In order to present the results clearly, we have 
prepared adequate tables and a comprehensive summary with the con
clusions of the review. 

2. The dopaminergic and noradrenergic system and microbiota 

The association of intestinal microbiota with the aetiopathogenesis 
of various disease entities has been the subject of intense research in
terest for several decades. In addition to the vagus nerve and the im
mune system, the intestinal microbiota, as a component of the “gut- 
brain axis”, plays a role in the bidirectional communication between the 
intestines and the central nervous system. As this complex bacterial 
community contains more than 100 trillion microorganisms, the 
microbiota is known not only for the direct possibility of modulating and 
producing neuroactive compounds and neurotransmitters (Dinan and 
Cryan, 2015; Martin et al., 2018; Strandwitz, 2018) but also via the 
hypothalamic-pituitary-adrenal (HPA) axis (Bonaz et al., 2018), secre
tion of short-chain fatty acids and portability of the blood-brain barrier 
(Spadoni et al., 2015). In contrast, brain activity affects the population 
and composition of gut microbiota (Petra et al., 2015). Those studied 
pathways confirm mutual interaction between microbiota and central 
nervous system (Fig. 1). 

There is clear evidence of the influence of gut microbiota on brain 
development and neurogenesis (Heijtz et al., 2011). Studies have 

already shown influences on neuropsychiatric disorders such as 
depression (Kelly et al., 2016), schizophrenia (Dinan and Cryan, 2015), 
autism spectrum disorder (Hsiao et al., 2013), irritable bowel syndrome 
(Didari et al., 2015), Parkinson’s disease (Sampson et al., 2016), and 
Alzheimer’s disease (Minter et al., 2016) both in studies on rodents and 
humans. Bacteria are known for their capability to produce neuro
transmitters: dopamine, norepinephrine, serotonin, and GABA, and their 
precurosors (i.e. tyrosine, tryptophan, phenylalanine) as well as their 
impact on their metabolism (Lyte, 2016; Strandwitz, 2018). 

Studies in ADHD have shown structural, functional, and develop
mental alterations mainly in the frontostriatal circuitry, cerebellum, 
temporoparietal lobes, basal ganglia, and corpus callosum (Cortese, 
2012). As mentioned before, theories about the neurobiology of ADHD 
are focusing on dysfunctions mainly around noradrenergic and dopa
minergic but also serotoninergic and cholinergic pathways (Tripp and 
Wickens, 2009). 

The dopaminergic system is the basis for ADHD symptoms, including 
cognitive, emotional, and behavioural aspects (Cortese, 2012). Dopa
mine, synthesized in the brain and kidneys, is not a precursor only for 
catecholamines but is also a reward-motivated behavior and executive 
function neurotransmitter. Both low and high levels of norepinephrine 
diminish information processing capacity as well as selective attention 
capacity (Berridge and Stalnaker, 2002). Located in the dorsolateral 
prefrontal cortex, alpha-2 adrenergic receptors inhibit the control of 
locomotor activity, decrease the availability of dopaminergic receptors 
(D2, D3) and increase dopamine transporter binding (Ma et al., 2005; 
Prince, 2008). Serotonergic and cholinergic systems have also been 
shown to impair neurochemical changes in ADHD. Trough among others 
dopaminergic neurotransmission modification serotonin alters learning 
and memory function and may have an impact on emotions, stress 
response, appetite, and addiction (Seyedabadi et al., 2014). 

The dopamine hypothesis highlights that the brain may be affected 
by enteric neurotransmission of this neurotransmitter being released 
after nutrients stimulate this tract (de Araujo et al., 2012). 

There is evidence that the microbiome can influence dopamine levels 
in the frontal cortex and striatum in rodents (Bercik et al., 2011). The 
study of the gut microbiome axis revealed that the level of cyclo
hexadienyl dehydratase involved in phenylalanine production (dopa
mine precursor) remains correlated with the abundance of the genus 
Bifidobacterium in the microbiome of patients with ADHD (Aarts et al., 
2017). Numerous bacteria have also been known for their ability to 
produce dopamine and noradrenaline in vitro directly i.e. Bacillus 

Fig. 1. The gut-brain axis  
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subtilis, Bacillus mycoides, E. coli, Proteus vulgaris, Serratia marcescens 
(Tsavkelova et al., 2000). Findings also suggest that Clostridia species 
influences lumen levels of norepinephrine (Asano et al., 2012) while it’s 
not clear yet, whether production is direct or bacteria are responsible of 
modulating host production. The proposed model of autonomic dysre
gulation in ADHD emphasizes dysregulation of vagus nerve dysregula
tion, and both afferent and efferent signalling in addition to altered 
immunoregulation might be an answer as to how the cognitive, 
emotional, and behavioural symptoms of ADHD emerge. 

Since the microbiome can be manipulated both by probiotic modu
lations and fecal transplant, identifying specific bacteria for the thera
peutic approach is opening up a wide range of possibilities in the 
development of new treatments (Mathee et al., 2020). From this point it 
is crucial to investigate microbiota composition in ADHD and its rela
tionship with patients symptoms. 

3. Gut microbiota in ADHD 

3.1. Research review 

In recent years, several clinical studies have focused on finding re
lationships between the composition and diversity of the intestinal 
microflora and the presence of symptoms of ADHD and their severity. 
Only 10 publications on this subject have been published so far. They are 
presented chronologically as to the date of publication in Table 1. 

The first publication that contained a determination of the differ
ences in the microbiome among ADHD patients appeared relatively 
recently, in 2015. Pärtty et al. published a study that examined the 
composition of the intestinal flora in children born in Finland. It was 
shown that at 3 months of age, patients who were later diagnosed with 
ADHD and ASD had less Bifidobacterium longum than healthy children. In 
the sixth month, this difference was even more pronounced. At 18 
months, they also had fewer Bacteroides and Lactobacillus-Enterococcus 
bacteria and at 24 months, fewer Clostridium histolyticum cells compared 
to children without subsequent diagnosis. Interestingly, repeated ex
amination of the composition of the intestinal microbiome in 13-year- 
old ADHD cases and in the controls did not show statistically signifi
cant differences between the two groups. On the basis of this publica
tion, it could be hypothesized that the greater amount of Bifidobacterium 
longum in younger children may indicate a lower risk of ADHD in the 
future. However, results of studies on this topic are contradictory (Aarts 
et al., 2017; Stevens et al., 2019). The limitation of this study is un
doubtedly a very small group of children diagnosed with ADHD - only 5 
participants (two of them with coexisting ASD). It is also worth paying 
attention to the methods of microbiome analysis used - qPCR and FISH. 
Therefore, the researchers did not profile the entire microbiome, but 
only focused on selected groups of bacteria. All subsequent studies used 
newer and more accurate analysis techniques. 

Aarts et al. (2017) focused on examining the complete intestinal 
microbiological using a method that enabled them to obtain a full 
microbiome profile (16S rRNA gene sequencing). An increase in bacteria 
from the Actinobacteria taxon was observed (22.14% ADHD and 
14.08% control). The Actinobacteria cluster includes the genus Bifido
bacterium, which has been observed to increase significantly in patients 
with ADHD, as opposed to the results reported by Pärtty et al. (2015). In 
both groups, the Firmicutes type was the most numerous, while the 
percentage of Firmicutes was smaller in the ADHD cases than in the 
control group (70.3% in ADHD and 79.8% in the control), but no specific 
type responsible for this result was identified. However, the phylum 
Bacteroidetes did not differ significantly. The authors also noted the 
correlation between increased Bifidobacterium with diminished ventral 
striatal fMRI responses during reward anticipation. To check whether 
the diagnosis of ADHD has an effect on alpha diversity (i.e., how many 
different species of intestinal microflora can be found) the Shannon 
index was used. Its greater value in patients with ADHD testified to the 
greater species diversity of bacteria in this group. This is the only one 

research that used additional imaging studies, but only 6 patients with 
ADHD had both a microbiome and fMRI analysis done simultaneously. 

Prehn-Kristensen et al. (2018) showed that in ADHD cases, the level 
of alpha diversity was significantly lower than in the control group. In 
addition, they observed a significant correlation between reduced di
versity and the severity of hyperactivity. Researchers did not observe 
significant differences at the phylum level. However, patients with 
ADHD were found to have a larger abundance of the genera Bacteroides 
and Neisseria in relation to controls and Bacteroides spec. correlated with 
levels of hyperactivity and impulsivity. In this study, no significant effect 
of psychostimulant treatment on the diversity of intestinal flora was 
demonstrated. It is also the only study to include parents of children 
with ADHD. Mothers of ADHD patients showed reduced alpha diversity 
compared to mothers of healthy controls, and differed in beta diversity 
compared to both groups of children. There were no significant differ
ences between fathers and children in alpha diversity. According to the 
authors, this may indicate that the composition of the flora is not 
inherited from mothers. However, there is insufficient evidence to 
support this hypothesis. Due to these differences, it may be useful to 
include parents in future research. 

In the next study, the results were different again. Chinese authors 
(Jiang et al., 2018) did not show differences in alpha diversity. In order 
to exclude the influence of drug on the results, only treatment-naïve 
patients were qualified. However, researchers noticed a significantly 
reduced amount of Faecalibacterium (in the phylum Firmicutes) in pa
tients with ADHD, and there was a negative correlation between that 
amount and the severity of symptoms reported by parents. They pro
posed Faecalibacterium as a new probable marker of ADHD. 

A completely different method was used by the authors of another 
study (Cheng et al., 2020). They used bioinformatics techniques, namely 
Gene Set Enrichment Analysis (GSEA). It is a computational method by 
which they compared the relationships of the gut microbiota with five 
psychiatric diagnoses, including ADHD. They analyzed information 
from the genome-wide association study (GWAS) and gut microbiota 
data. They observed that ADHD is associated with an increase in the 
genus Desulfovibrio and order Clostridiales. However, these were not 
specific for this neurodevelopmental disorder. Changes in Desulfovibrio 
genus were also associated with four other diagnoses, and Clostridiales 
with another. Considering the current development of technology and 
bioinformatics, we can expect more detailed and extensive research of 
this type in the future. 

In the same year, in Taiwan, Wang et al. (2020) found significantly 
higher Shannon and Chao indices in the ADHD group, but other alpha- 
diversity indices (Simpson index, ACE index) were lower or insignifi
cant, respectively, compared to the control group. The variability of 
several bacterial species was observed; the amount of Bacteroides cor
pocola was smaller in the ADHD group, while Bacteroides uniformis, 
Bacteroides ovatus, and Sutterella stercoricanis were more numerous. A 
positive correlation with the severity of symptoms was shown for the last 
two species. In both groups, intestinal microbiome profiles were similar, 
with Bacteroidetes dominating at a similar level. The authors also noted 
an increase in Fusobacterium (0.28% in ADHD and 0.02% in control). 
They identified three species (Bacteroides uniformis, Bacteroides ovatus 
and Sutterella stercoricanis) as potential biomarkers of ADHD. This is 
partly consistent with the indicator proposed by Prehn-Kristensen et al. 
(2018). The strength of this study is also the use of a detailed food fre
quency questionnaire (FFQ). This allowed for the association of the 
species of intestinal bacteria with the food consumed in cases of ADHD 
and at the same time confirmed the already known effect of food on the 
intestinal microflora. S. stercoricanis was dependent on the consumption 
of dairy, nuts, seeds, legumes, ferritin, and magnesium. In turn, 
B. uniformis was associated with the frequency of consumed carbohy
drates and fat. 

Stevens et al. (2019) from New Zealand compared the effect of 
micronutrient supplementation on the gut microbiome between two 
groups of patients with ADHD. They conducted a 10-week randomized 
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Table 1 
Characteristics of included studies 

NS - non-significant, OUT - operational taxonomic unit, ↑ - increased, ↓ - decreased. 
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double-blind study. Patients were receiving supplementation with a mix 
of vitamins, minerals, amino acids and antioxidants - 40 ingredients in 
total. After micronutrient treatment, a reduction in ADHD symptoms 
was observed as well as improved attention. Functioning and regulation 
of emotions improved, aggression decreased. The analysis showed a 
reduction in Actinobacteria in the group with micronutrient supple
mentation. Two species in particular were responsible for this effect - 
Bifidobacterium longum and Bifidobacterium adolescentis. The association 
of Bifidobacterium with ADHD was also present in Aarts et al. (2017). 
Interestingly, Stevens et al. (2019) observed a negative correlation be
tween the abundance of Bifidobacterium and the severity of ADHD 
symptoms, but only before supplementation. After 10 weeks, the result 
turned out to be contradictory as the correlation became positive. 
Nevertheless, the authors find Bifidobacterium as a possible factor in 
ADHD. However, this study did not show a relationship between sup
plement use and alteration of metagenomic pathways. 

At the beginning of this year, more studies were published focusing 
on understanding the intestinal microflora of patients with ADHD 
symptoms. 

Another Chinese group (Wan et al., 2020) found no significant dif
ference in the microbial alpha diversity between ADHD cases compared 
to controls. However, differences were identified at the level of types 
and individual bacterial species. In the ADHD cases, the types of Fae
calibacterium and Veillonellaceae (both belong to the phylum Firmicutes) 
were significantly reduced, while Odoribacter (Bacteroidetes) and 
Enterococcus (Firmicutes) were significantly increased. Regarding the 
specific species, in the ADHD group, Faecalibacterium prausnitzii, Lach
nospiraceae bacterium and Ruminococcus gnavus (all belong to the phylum 
Firmicutes) were significantly decreased, whereas Bacteroides caccae, 
Odoribacter splanchnicus, Paraprevotella xylaniphila (all belong to the 
phylum Bacteroidetes) and Veillonella parvula (Firmicutes) were found in 
greater numbers. It is worth mentioning that this study examined the 
severity of constipation symptoms, which were more common in pa
tients with ADHD (70.5% to 11.7%). Like Aarts et al. (2017), the authors 
also analyzed the metabolic pathways of neurotransmitters. They 
showed significant differences in the pathways of dopamine, vitamin B6, 
and folic acid between the cohorts. These results suggest a possible in
fluence of the gut microbiome on the gut-brain axis and further on the 
incidence of ADHD symptoms. 

The Dutch group (Szopinska-Tokov et al., 2020) increased the sam
ple of Aarts et al. (2017). Although they used the same method as before 
(16S RNA sequencing), they did not show any differences in alpha di
versity this time. In turn, they observed a smaller beta (between-sample 
diversity) in patients with ADHD, which significantly correlated with 
the severity of symptoms. At the genus level, ten were distinguished, 
which were characteristic of ADHD cases (bacteria belonging to the 
order Clostridiales were increased in ADHD, and the genus Haemophilus 
was reduced). Two genera were identified from this, the presence of 
which correlated with the severity of attention deficit symptoms 
(Ruminococcaceae_UCG_004 and Ruminococcus_2). The authors suggest 
that the Ruminococcaceae family may be associated with neurobiological 
processes and ADHD. It may be of special interest that a larger number of 
Ruminococcaceae_UCG_004 was also associated with the observed higher 
level of anxiety in mice after colonizing their intestines with microbial 
flora from patients with ADHD (Tengeler et al., 2020). 

In the study of Szopinska-Tokov et al. (2020), no such correlations 
were found for symptoms of hyperactivity and impulsiveness. There was 
also no evidence of drug effects on the beta diversity or on the rela
tionship between the amount of Ruminococcaceae_UCG_004 and the 
severity of attention deficit. However, a decrease in Phascolarctobacte
rium and an increase in Dialister was observed in pharmacologically 
treated subjects. 

3.2. Consideration and future perspectives 

The results have differed significantly between researchers. For 

example, in Dutch studies (Aarts et al., 2017; Szopinska-Tokov et al., 
2020), the majority were Firmicutes, while in Taiwan (Wang et al., 
2020), the majority were Bacteroidetes. Other conclusions were also 
drawn about the diversity between the ADHD groups and the control 
group. Alpha diversity was calculated in 7 studies. No significant dif
ference was found in 5 of them. Other studies have shown contradictory 
results (Prehn-Kristensen et al., 2018; Wang et al., 2020). Beta diversity 
in two out of four studies was not significant between groups (Wang 
et al., 2020; Stevens et al. 2019). 

Three studies have observed Bifidobacterium as having a potential 
effect on ADHD (Pärtty et al., 2015; Aarts et al., 2017; Stevens et al., 
2019). Their results were also contradictory - a reduction at 3 and 6 
months of age in Pärtty et al. (2015) with no significant changes at age of 
13, an increase in Aarts et al. (2017) and a decrease in Stevens et al. 
(2019). Aarts explains his results with a more accurate method, a larger 
research group, or differences in procedures or between groups. He also 
proposes a hypothesis about the later maturation of the gut microbiome 
in patients with ADHD. 

In 4 studies, significant differences concerned the genus Bacteroides - 
Pärtty et al. (2015) observed a decrease in Bacteroides at 18 months of 
age and no difference at 13 years of age, and in 3 subsequent studies 
(Prehn-Kristensen et al., 2018; Wang et al., 2020; Wan et al., 2020) the 
authors consistently demonstrated an increase in Bacteroides and ADHD. 
B. ovatus and OTU_7 (Bacteroides spec.) were correlated with the severity 
of ADHD symptoms (Prehn-Kristensen et al., 2018; Wang et al., 2020). 

Finally, each team proposed different bacterial groups as potential 
new markers of ADHD - Bifidobacterium (Aarts et al., 2017; Stevens et al., 
2019), Neisseria and Bacteroides (Prehn-Kristensen et al., 2018), Faeca
libacterium (Jiang et al., 2018), Bacteroides uniformis, Bacteroides ovatus 
and Sutterella stercoricanis (Wang et al., 2020), Ruminococcaceae (Szo
pinska-Tokov et al., 2020). It is also likely that not one but different 
types of bacteria may be potentially associated with ADHD, and the gut 
microbiome is one of the many contributing factors in the etiology of 
ADHD. 

There can be several reasons for the different results. A very signif
icant limitation of research is the fact that research groups were usually 
small. Fecal samples of all the above-described analyzes were collected 
from only 209 participants. However, according to Stevens et al. (2019) 
power analysis indicates that the sample size in a single microbiota 
profiling study should be 200 participants. 

The study groups also differed regarding the age of participants, from 
infants (Pärtty et al., 2015) to adulthood (Aarts et al., 2017; Szopinska- 
Tokov et al., 2020), while the composition of the intestinal microbiome 
and bacterial diversity are quite dynamic and change with age (Ottman 
et al., 2012; Yatsunenko et al., 2012; Arboleya et al., 2016; Odamaki 
et al., 2016). 

The researches were conducted in various countries and climate 
zones. As is known, different cultures differ in nutrition patterns. In turn, 
the impact of residence and diet are obvious factors affecting the 
composition of the human intestinal microflora (Yatsunenko et al., 
2012; Conlon and Bird, 2014). Despite this, only a few studies have 
considered dietary patterns. 

It is worth noting that only two studies clearly indicated that they 
excluded gastrointestinal diseases from the cohorts (Jiang et al., 2018; 
Wan et al., 2020), despite the known effects of chronic bowel disease on 
intestinal dysbiosis (DuPont and DuPont, 2011). Wan et al. (2020) 
showed a greater susceptibility to constipation in the ADHD group. It is 
possible that the impulsivity in this group is the reason for reaching for 
highly processed constipating products, causing intestinal dysbiosis, or 
perhaps intestinal dysbiosis is responsible for the coexistence of con
stipation in patients with ADHD. The current research results do not 
allow to clearly indicate the solution, but it seems necessary for future 
studies of the ADHD microbiome to take into account the presented 
dependencies. 

Antibiotics (Sullivan et al., 2001) and other drug use is also not 
indifferent to the composition of the microbiome. However, not all 
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studies included this criterion as an exclusion criterion. Stevens’ study 
proved that micronutrient supplementation also influences the abun
dance of species in the gut microbiome. One of the studies showed that 
ADHD medication can also affect changes in the microbiome (Szopinska- 
Tokov et al., 2020). In the same study, there was no significant drug 
effect on beta diversity. According to Prehn-Kristensen et al. (2018) also 
had no effect on alpha diversity. However, these conclusions were 
drawn on the basis of only 4 treated patients. There were also not always 
clear criteria for exclusion from microbiome research. The authors did 
not always report the time that elapsed from taking antibiotics or other 
medication before taking the sample. Numerous factors, such as the type 
of delivery, prematurity, and breastfeeding, were not taken into account 
by the researchers, despite studies on their significant impact on the 
development of microbiota (Bokulich et al., 2016; Yassour et al., 2016). 

After selecting the appropriate size and characteristics of the studied 
cohorts, it is time to collect samples, transport them, and then extract 
DNA material, sequencing and processing the results. Table 1 clearly 
shows the diversity between studies in this area. It is worth mentioning 
the various methods of profiling the microbiome that were used by re
searchers. With the development of science and technology in recent 
years, the possibilities of the methods used have increased. Each of them 
has its pros and cons. Unfortunately, the results are not always compa
rable. During the 16S rRNA gene sequencing and shotgun metagenomics 
comparison, it was shown that these two approaches give significantly 
different bacterial community structures of the same samples (Shah 
et al., 2010). 

Within one method of sequencing, there are also many variants of the 
procedure. There are many protocols available for testing stool samples, 
published by groups such as the Human Microbiome Project, MetaHIT, 
the Earth Microbiome Project. Even if 16S RNA sequencing was used in 
several studies, the results may vary significantly. This is the result of 
discrepancies and errors at each stage of the analysis - sampling condi
tions, storage temperature, transport time, sample processing, primer 
selection, amplification, sequencing, bioinformatic analysis of the ob
tained results. There have been numerous publications describing in 
detail the problem of the lack of repeatability of biomedical research 
(Wintzingerode et al., 1997; Kunin et al., 2010; Goedert, 2013; Walker 
et al., 2015; Hiergeist et al., 2016; Lim et al., 2018). The significant 
impact of kit and laboratory contaminants has also been reported in the 
literature (Salter et al., 2014). The authors unanimously emphasize the 
need to standardize the methods and the possibility of their comparison. 
For this purpose, projects like the International Human Microbiome 
Standards (IHMS) and the MicroBiome Quality Control (MBQC) have 
been created. In their work, they compare the available research pro
tocols, determine the factors most influencing the variability of the re
sults and the strength of their impact at each stage of the research 
(Costea et al., 2017; Sinha et al., 2017; Greathouse et al., 2019). The 
multi-center activity of consortia is aimed at standardizing the pro
tocols, updating them in line with the latest knowledge and ensuring the 
possibility of fine-tuning them to the specific characteristics of the study 
and obtaining optimally comparable results. After analyzing the pre
sented results, the hypothesis concerning the influence of the gut 
microbiome on ADHD symptoms requires deepening and continuing 
research. 

In light of the above considerations, it seems necessary to pay 
attention of future researchers to important methodological issues. One 
of the most important points is to conduct longitudinal tests on larger 
groups. Multidisciplinary cooperation will be useful in terms of selecting 
an appropriate sample. A child and adolescent psychiatrist is needed to 
diagnose and assess the severity of symptoms at the time of examination, 
and to exclude comorbidities such as ASD. Bearing in mind the changes 
in the microbiota in inflammatory bowel diseases, it is also important for 
a gastroenterologist to assess the presence of symptoms from the 
digestive system. Many confounding factors must be taken into account 
by carefully collecting medical history and questionnaires on diet, 
medication (including ADHD medication), antibiotic, supplement, 

weight, and comorbidities. We cannot forget about the questions about 
the perinatal and early childhood period. Taking into account the vari
ability of the microbiome over time, longitudinal studies with repeated 
measurements at different ages seem to be the best. Groups should be 
age-appropriate by covering a narrow age range. Due to the rapidly 
developing field of research on the human microbiome, future re
searchers should use current protocols to standardize the methodology, 
correctness of collecting, storing, sequencing and interpreting data. 
Attention is also paid to the detailed reporting of their research in terms 
of the characteristics of the studied groups and the methodology used. 
This will certainly make it easier for readers and future researchers to 
compare the obtained data. It should be noted that due to such a large 
variety of studies, no meta-analysis has yet appeared that could reliably 
synthesize the obtained results quantitatively and draw unequivocal 
conclusions. 

After analyzing the research on the differences in the gut microbiota 
in patients with ADHD, another topic that is worth looking at for helping 
patients reduce symptoms and also for future research is the impact of 
using probiotic. 

4. Probiotic supplementation and ADHD 

4.1. Research review 

Recently, many researchers have been interested in the influence of 
probiotic supplementation on mental health. Clinical studies have re
ported that probiotics could be beneficial in treating depression (Eltokhi 
et al., 2020; Wallace and Milev, 2017), anxiety (Eltokhi et al., 2020; Ng 
et al., 2018), and stress (Kato-Kataoka et al., 2016). We will present 
research on the impact of probiotic supplementation on patients’ neu
rodevelopmental outcomes, which may be related to the later appear
ance of ADHD symptoms. We will also present research on the 
correlation of probiotic supplementation with the occurrence of ADHD 
symptoms and a study on the effect of probiotic supplementation on the 
health-related quality of life of children with ADHD diagnosis. The table 
below summarizes selected randomized trials (Table 2). 

The influence of probiotic supplementation may be direct or indirect. 
Children with ADHD obtain higher scores on the gastrointestinal 
severity index and report constipation and flatulence more often than 
healthy children (Ming et al., 2018). Reducing these symptoms leads to 
the improvement in the quality of life for patients (Eltokhi et al., 2020). 
This can be achieved by changing the composition of the microbiota, for 
example, by probiotic supplementation. Unfortunately, in a systematic 
review of randomized trials, as described by Rianda et al. (2019), only 1 
out of 7 studies showed a positive effect of probiotic supplementation on 
cognitive function. 

Some studies demonstrated that Lactobacillus rhamnosus GG leads to 
stabilization of the gut permeability barrier, probably secondary to 
changes in tight junctions, mucin production and antigen-specific 
immunoglobulin A production (Pärtty et al., 2015; Isolauri et al., 
2008). Moreover, the impact of Lactobacillus rhamnosus on the regula
tion of emotional behavior and on the central GABAergic system via the 
vagus nerve is associated with a number of neuropsychiatric disorders 
(Pärtty et al., 2015; Bravo et al., 2011; Enticott et al., 2010). 

The results of the studies were evaluated using different methods. 
One of the mentioned studies shows that Lactobacillus rhamnosus GG 

probiotic supplementation may lead to a reduction in the risk of 
developing ADHD. This demonstrates that probiotic supplementation 
could have a positive effect on cognitive function (Rianda et al., 2019); 
however, in most of the studies, follow-up ended before the age of 5, 
which is early for ADHD diagnosis. It is very probable that the supple
mentation effect declines over time because of the notable implications 
of environmental factors during child development. To obtain more 
comprehensive results, follow-up studies should have various observa
tion time points. 

A very interesting pilot randomized controlled trial carried out by 

A. Kalenik et al.                                                                                                                                                                                                                                 



ProgressinNeuropsychopharmacology&
BiologicalPsychiatry110(2021)110277

7

Table 2 
Characteristics of included studies  

Study Aim of the study Participants Duration Diagnostic instrument Full name of strain Form of 
probiotic 

Daily dose in CFU/ 
day 

Results 

Pärtty et al. 
(2015) 

evaluation of of the impact of 
the gut brain-axis on the 
occurrence of ADHD and AS 

75 children first six months of life, 
mothers had taken 
supplementation for 4 
weeks before delivery and 
continued to take it for 6 
months after delivery if they 
breastfeed, gut microbiota 
was evaluated at the age of 
3weeks, 3, 6, 12, 18, 24 
months, follow up - 13 years 
old 

attention deficit hyperactivity 
disorder (ADHD) and Asperger 
syndrome (AS) - ICD-10 

Lactobacillus rhamnosus 
GG 

capsule, 
capsule 
contents 

10^10 CFU daily after reaching 13 y.o. in the 
placebo group 3 children out of 
35 were diagnosed with ADHD 
(8,6%), 1 child out of 35 was 
diagnosed with AS (2,8%), 2 
children out of 35 was 
diagnosed with both ADHD and 
AS (5,7%) 

Slykerman 
et al. 
(2018) 

to assess 
if probiotic supplementation 
in the early stages of life 
enhances neurocognitive 
outcomes evaluated at 11 
years old 

474 children 35 weeks gestation until 6 
months if breastfeeding, and 
the supplementation for 
infants from birth to 2 years, 
evaluation was performed at 
3, 6, 12, 18 months and 2, 4, 
6 years old, follow up - 11 
years old 

The Wechsler Intelligence 
Scale for Children—Fourth 
Edition (WISC-IV), Behavior 
Rating Inventory of Executive 
Function (BRIEF), Conners 3rd 
Edition™ (Conners 3™), The 
Strengths and Difficulties 
Questionnaire (SDQ), 
Multidimensional Anxiety 
Scale for Children 2nd Ed 
(MASC 2), The Centre for 
Epidemiological Studies 
Depression Scale for Children 
(CES-DC), The Conners 
Continuous Performance Test 
3rd Edition™ (Conners CPT 
3™), Cambridge 
Neuropsychological Test 
Automated Battery (CANTAB) 

Lactobacillus rhamnosus 
HN001, Bifidobacterium 
animalis subsp. lactis 
HN019 

capsule, 
powder mixed 
with water, 
breast milk or 
formula or 
with food 

Lactobacillus 
rhamnosus strain 
HN001–6 × 10^9 
CFU daily, 
Bifidobacterium 
animalis subsp. 
lactis HN019 
- 9 × 10^9 CFU daily 

342 participants were assessed, 
but no important differences 
were observed in the 
neurocognitive outcomes 
between the groups 

Akar et al. 
(2016) 

assessment of the 
neurodevelopment results 
of very low birth weight 
(VLBW) preterm infants who 
were given probiotic 
supplementation to prevent 
necrotizing enterocolitis 
(NEC) 

400 children very low birth weight 
(VLBW) preterm infants 
gestational age ≤ 32 weeks 
or birth weight ≤ 1500g 
feeded enterally, 
supplementation - first feed 
until discharge, follow up - 
extensive evaluation was 
performed at 18–24 months’ 
corrected age 

Bayley Scales of Infant 
Development II (BSID-II), 
sensory and neurological 
performance was assessed 
using standard techniques 

Lactobacillus reuteri no data 100 million 
organisms 

370 participants - follow up, 
no substantial differences in any 
of the neurodevelopmental and 
sensory outcomes among the 2 
groups 

Chou et al. 
(2010) 

to measure growth and 
neurodevelopmental 
outcomes in preterm very 
low birth weight (PVLBW) 
infants supplemented with 
oral probiotics to prevent 
necrotizing enterocolitis 
(NEC) 

367 children infants feeded enterally that 
lived more than 7 days after 
birth, supplementation until 
discharge, follow up - 
participants were observed 
every 6 months up to 3 years 
corrected age 

Bayley Scales of Infant 
Development II (BSID-II), 
sensory and neurological 
performance was assessed 
using standard techniques 

Lactobacillus acidophilus 
+ Bifidobacteria infantis 

probiotic with 
breast milk 

10^9 CFU twice 
daily - Lactobacillus 
acidophilus +
10^9 CFU twice 
daily - Bifidobacteria 
infantis 

no substantial differences in 
growth or in any of the 
neurodevelopmental and 
sensory outcomes among the 
two groups 

Firmansyah 
et al. 
(2011) 

comparison of the effect of 
supplementation of milk 
including synbiotics and 
LCPUFA or a control milk on 
the growth and development 
of toddlers 

393 toddlers screening took place every 
two months starting at the 
age of 12 months until the 
age of 24 months 

Bayley Scale for Infant and 
Toddler Development (BSID 
III), Cochran- Mantel-Haenszel 
test 

Bifidobacterium longum 
(BL999), Lactobacillus 
rhamonosus (LPR), 
prebiotics (inulin and 
fructo-oligosaccharides), 
and long-chain 

milk 
containing 
synbiotics 

57,6 × 10^7 CFU 
daily - 
Bifidobacterium 
longum 
+

115,2 × 10^7 CFU 

no substantial differences in the 
mental and motor 
developmental indicators 
among the two groups, 
regarding cognitive and 
adaptive behavior scores non 

(continued on next page) 
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Kumperscak et al. (2020) was conducted in a group of 32 drug-naive 
children and adolescents aged 4 to 17 years to evaluate the possible 
impact of the probiotic on core symptoms, health-related quality of life 
(QoL), and serum levels of cytokines in children and adolescents with 
ADHD. One group of participants was given capsules with the probiotic 
strain Lactobacillus rhamnosus GG (10^10 CFU daily). The rest of the 
participants received placebo. Assessment of participants was performed 
twice – at the start of the trial and after 3 months. The study covered 
laboratory serum analysis for the following cytokines: IL-1B, IL-2R, IL-4, 
IL-6, IL-8, IL-10, IL-12 p70, IL-17, IL-18, and TNF-α. The authors 
observed a significant improvement in the PedsQL Child Self – Report 
Total score in the probiotic group but not in the placebo group, but no 
differences in core symptoms or emotional and behavioural problems 
were noted between the groups. Pro-inflammatory cytokines showed a 
decrease in the probiotic group in terms of the serum levels of IL-6, IL-12 
p70, and TNF-α, of which IL-12 p70 and TNF-α decreased only in the 
probiotic group. The serum level of IL-6 was also reduced in the placebo 
group. 

The discussed research broadens our knowledge of the correlation 
between the supply of probiotic and the occurrence of ADHD symptoms. 
The presented research shows only to some extent the relationship be
tween probiotic supplementation and ADHD symptoms. Unfortunately 
are still uconclusive and there is still impossible to frame any clinical 
recommendation or guidelines. Subsequent research should be extended 
taking into account the aspects presented in the next part of the article. 

4.2. Consideration and future perspectives 

Some of the issues regarding the influence of probiotic supplemen
tation on cognitive function require additional examination. Currently, 
it is unclear which probiotic strain affects cognition. Trials in the future 
should take into consideration the methods of cognitive evaluation with 
emphasis on innovative approaches for assessing earlier brain devel
opment, such as foetal brain imaging (Rianda et al., 2019; Griffiths et al., 
2017). 

A future study should include people diagnosed with ADHD who will 
be taking probiotic supplementation, be multicenter, affect a larger 
group of patients, in different age groups, have a duration time of several 
months (all these elements together were not present in the discussed 
studies). When designing a future study, attention should be paid to the 
storage of probiotic preparations in appropriate conditions, study par
ticipants’ diet, qualitative and quantitative studies on the gut micro
biota, the use of several different scales, questionnaires as well as the 
possibility of using smartwatches and mobile applications to assess 
changes in the severity of symptoms. There is an ongoing study that has 
been designed to cover many of the aspects outlined above. 

On February 2019 in Frankfurt, Barcelona and Budapest started an 
interesting multicentre, double-blind, randomized controlled trial, 
which is planned to last two years, involving 180 participants with a 
diagnosis of attention deficit/hyperactivity disorder (ADHD) (and/or 
borderline personality disorder), at the age of 18–65. In the trial par
ticipants are taking synbiotic formula (probiotic + prebiotic - Synbiotic 
2000 Forte 400 (SF) containing 100 billion of each of Pediococcus pen
tosaceus 5–33:3, Lactobacillus paracasei subsp. paracasei 19, Lactobacillus 
plantarum 2362, and Leuconostoc mesenteroides 77:1, with four bioactive 
fermentable fibers (2.5g each of β-glucan, inulin, pectin, and resistant 
starch) or placebo. Changes in scope of „general psychopathology, 
ADHD symptoms, neurocognitive function, somatic parameters, phys
ical activity, nutritional intake, and health-related quality of life” will be 
assessed (Arteaga-Henríquez et al., 2020). 

5. Conclusions and future directions 

The aim of the study was to systematize the current knowledge as 
part of the review of the latest research on the microbiota, the supply of 
probiotics and collalations with the presence of ADHD symptoms, taking Ta

bl
e 

2 
(c

on
tin

ue
d)

 

St
ud

y 
A

im
 o

f t
he

 s
tu

dy
 

Pa
rt

ic
ip

an
ts

 
D

ur
at

io
n 

D
ia

gn
os

tic
 in

st
ru

m
en

t 
Fu

ll 
na

m
e 

of
 s

tr
ai

n 
Fo

rm
 o

f 
pr

ob
io

tic
 

D
ai

ly
 d

os
e 

in
 C

FU
/ 

da
y 

Re
su

lts
 

po
ly

un
sa

tu
ra

te
d 

fa
tt

y 
ac

id
s 

(L
CP

U
FA

) 
da

ily
 - 

La
ct

ob
ac

ill
us

 
rh

am
on

os
us

 
su

bs
ta

nt
ia

l d
iff

er
en

ce
s 

w
er

e 
ob

se
rv

ed
 - 

be
tw

ee
n 

12
 a

nd
 1

6 
m

on
th

s,
 th

e 
re

su
lts

 w
er

e 
sl

ig
ht

ly
 

hi
gh

er
 in

 s
yn

bi
ot

ic
 g

ro
up

 in
 

co
m

pa
ri

so
n 

to
 c

on
tr

ol
 g

ro
up

 
Ku

m
pe

rs
ca

k 
et

 a
l. 

(2
02

0)
 

ev
al

ua
te

 th
e 

po
ss

ib
le

 im
pa

ct
 

of
 th

e 
pr

ob
io

tic
 o

n 
co

re
 

sy
m

pt
om

s,
 h

ea
lth

-r
el

at
ed

 
qu

al
ity

 o
f l

ife
 (

Q
oL

), 
an

d 
se

ru
m

 le
ve

ls
 o

f c
yt

ok
in

es
 in

 
ch

ild
re

n 
an

d 
ad

ol
es

ce
nt

s 
w

ith
 A

D
H

D
 

32
 c

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s 

4–
17

 y
ea

rs
 

ol
d 

as
se

ss
m

en
t o

f p
ar

tic
ip

an
ts

 
w

as
 p

er
fo

rm
ed

 tw
ic

e 
– 

at
 th

e 
st

ar
t o

f t
he

 tr
ia

l a
nd

 a
fte

r 
3 

m
on

th
s 

A
D

H
D

 P
ar

en
t-R

ep
or

t R
at

in
g 

Sc
al

e-
IV

: H
om

e 
Ve

rs
io

n;
 th

e 
Ch

ild
 S

el
f-R

ep
or

t a
nd

 P
ar

en
t 

Pr
ox

y-
Re

po
rt

 o
f t

he
 P

ed
ia

tr
ic

 
Q

ua
lit

y 
of

 L
ife

 In
ve

nt
or

yT
M

 
(P

ed
sQ

LT
M

) 
4.

0 
G

en
er

ic
 C

or
e 

Sc
al

e;
 th

e 
Pa

re
nt

 F
or

m
 (

CB
CL

/ 
6–

18
) 

an
d 

th
e 

Te
ac

he
r 

Re
po

rt
 

Fo
rm

 (
TR

F)
 o

f t
he

 C
hi

ld
 

Be
ha

vi
or

 C
he

ck
lis

t (
CB

CL
) 

fo
r 

ag
es

 6
–1

8 
of

 th
e 

A
ch

en
ba

ch
 

Sy
st

em
 o

f E
m

pi
ri

ca
lly

 B
as

ed
 

A
ss

es
sm

en
t (

A
SE

BA
), 

se
ru

m
 

le
ve

ls
 o

f c
yt

ok
in

es
 

La
ct

ob
ac

ill
us

 r
ha

m
no

su
s 

G
G

 
ca

ps
ul

e 
10

^1
0 

CF
U

 d
ai

ly
 

si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
n 

th
e 

Pe
ds

Q
L 

Ch
ild

 S
el

f –
 R

ep
or

t T
ot

al
 

sc
or

e 
in

 th
e 

pr
ob

io
tic

 g
ro

up
 b

ut
 

no
t i

n 
th

e 
pl

ac
eb

o 
gr

ou
p,

 b
ut

 n
o 

di
ffe

re
nc

es
 in

 c
or

e 
sy

m
pt

om
s o

r 
em

ot
io

na
l a

nd
 b

eh
av

io
ur

al
 

pr
ob

le
m

s 
w

er
e 

no
te

d 
be

tw
ee

n 
th

e 
gr

ou
ps

, 
pr

o-
in

fla
m

m
at

or
y 

cy
to

ki
ne

s 
- ↓

 
in

 th
e 

pr
ob

io
tic

 g
ro

up
 in

 te
rm

s 
of

 th
e 

se
ru

m
 le

ve
ls

 o
f I

L-
6,

 IL
-1

2 
p7

0,
 a

nd
 T

N
F-

α,
 o

f w
hi

ch
 IL

-1
2 

p7
0 

an
d 

TN
F-

 o
nl

y 
in

 th
e 

pr
ob

io
tic

 g
ro

up
, s

er
um

 le
ve

l o
f 

IL
-6

 w
as

 a
ls

o 
↓ 

in
 th

e 
pl

ac
eb

o 
gr

ou
p 

 

A. Kalenik et al.                                                                                                                                                                                                                                 



Progress in Neuropsychopharmacology & Biological Psychiatry 110 (2021) 110277

9

into account the neurophysiological basis. 
In the research presented in this article on the correlation of the 

composition of the microbiota with the occurrence of ADHD symptoms, 
no unambiguous outcomes were obtained. In further studies on the 
composition of the microbiota in ADHD and the correlation with the 
occurrence of symptoms, it is worth paying attention to the unification 
of research methods and comparing the results in patients in a similar 
age group. To obtain more representative results, it is necessary to 
perform tests involving a larger group of patients. 

In this article, we wanted to present the relationship between the 
supply of probiotic and: 1) the occurrence of ADHD symptoms, 

2) the influence on patients’ neurodevelopmental outcomes, 
3) the impact on the health-related quality of life of children with 

ADHD diagnosis. 
The results are varied. Regarding supplementation with the probiotic 

Lactobacillus rhamnosus GG strain, one study has shown that it has a 
beneficial effect on cognitive function and, consequently, the occurrence 
of ADHD symptoms. In another study, it has been demonstrated to have 
an advantageous effect on the health-related quality of life described by 
children and adolescents. Taking this information into consideration, 
the current evidence is insufficient to recommend treating ADHD with 
probiotic supplementation. 

To assess the subject more accurately, further studies are needed that 
last longer and involve a larger group of patients, using different 
assessment methods such as in vivo observation, actigraphy or the use of 
digital methods. The studies should be conducted in various age groups 
lasting for at least several months. The multicentre study presented in 
the future perspectives section seems to be promising in terms of the 
correlation between the supply of synbiotic preparations and the 
occurrence of ADHD symptoms. The presented overview of the research 
and its results constitute a contribution to science and knowledge on the 
topic chosen and described by us. In our work, we wanted to include 
information on how future research should be designed to obtain the 
most accurate results. 
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