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1 | INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one of the most
common neurodevelopmental disorders of childhood.* The be-
havioral symptoms of ADHD include impulsivity, inattention, and
excessive movement.> ADHD in children is estimated to have a
prevalence of 5%-6% worldwide,® and almost 30%-60% of these
children will continue to have symptoms in adulthood.’ Among the
various factors affecting ADHD symptom severity, genetic, environ-
mental factors, perinatal damage,'® socioemotional condition during
postnatal status,*® and also food ingredients and micronutrients may
play an important role.!®'” Based on the theory of the “gut-brain
axis,” imbalances in the diversity and species of intestinal microbi-
ota (dysbiosis) may influence the occurrence of neurodevelopmental
disorders.®1 On the other hand, brain activity may also affect the
gut microbiota environment.?° Several studies have reported that
the diversity in gut microbiota components might be related to the
development of ADHD.%!

Probiotics are live microorganisms found in fermented food
products (such as yogurt, miso, or sauerkraut) or nutritional sup-
plements that provide several health benefits to the host.?? In addi-
tion to producing short-chain fatty acids (SCFAs) and antimicrobial
compounds, probiotics as live microorganisms have a variety of
effects on health including improvement of gut barrier integrity,
enzyme production, and immune function.?>?> Moreover, prebi-
otics are nondigestible food ingredients that act as a substrate
that is selectively utilized by host microorganisms to support gut-
beneficial microbes and improve the health benefits of probiot-
ics.?¢ In order to support beneficial microbes such as Lactobacilli
and Bifidobacteria spp., prebiotics are required to be able to es-
cape digestion in the upper gastrointestinal tract (GIT), be able
to be fermented by the microbiota to SCFA(s), and be able to in-
crease the abundance of bacteria which are known to be involved
in human health. Good dietary sources of prebiotic carbohydrates
include vegetables (including onions, garlic, and asparagus), fruits
(especially bananas, apples, stone fruits, and mangos), grains, le-
gumes, chicory, Jerusalem artichokes, soybeans, and wheat bran.
Strong evidence exists that consumption of specific prebiotics
benefits the GIT including inhibition of pathogens and immune
stimulation, cardiometabolic support (e.g., reduction in blood lipid
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The studies also showed that Synbiotic 2000 reduces markers of intestinal and vascu-
lar inflammation in children with ADHD, in part through increasing SCFA levels.

Conclusion: The use of probiotics and prebiotics as adjuvants therapy in patients
with ADHD is beneficial. Further studies with longer duration, including more par-
ticipants and a variety of age groups, and using various evaluation techniques such as

in vivo observation are required to examine the effects of prebiotics and probiotics

ADHD, gut microbiota, prebiotics, probiotics, short-chain fatty acids (SCFA), Synbiotic

levels and effects upon insulin resistance), mental health benefits
(e.g., metabolites that influence brain function, energy, and cogni-
tion), and bone health (e.g., mineral bioavailability).?¢

Recently, many studies have shown that manipulating the gut
microbiota with probiotics and prebiotics supplementation may
influence the neurodevelopmental outcomes related to ADHD
symptoms and cognitive function.?”2®6 Human trials found that
probiotic supplementation in children with ADHD for 8weeks
could significantly reduce total ADHD rating scales (ADHD-RS).”
According to another randomized controlled trial (RCT) study,
the administration of probiotic supplementation in children aged
6-12years with ADHD during 8 weeks considerably improved the
severity and symptoms.!* The results of another study indicated
that symbiotic (combined prebiotics and probiotics) intervention
improved the symptoms of ADHD, such as inattention and hyper-
activity/impulsivity.2? However, some other studies reported con-
tradictory results. In a systematic review of randomized trials, only
one of seven studies indicated a positive association between pro-
biotic supplementation with cognitive function.®® Another study
reported no association between probiotics and gut microbiota
composition.31 To the best of our knowledge, many studies have
investigated the administration of probiotic and probiotic supple-
mentation effects in children with ADHD, whereas their results
have been inconsistent. So, the present study aimed to system-
atically evaluate the scientific literature of randomized controlled
trial studies focusing on the effect of probiotic/prebiotic interven-
tions on ADHD in children 5-18years.

2 | METHODS

2.1 | Search strategy

The present systematic review was carried out using Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines.32 PubMed/MEDLINE, Scopus, EMBASE, ISI
Web of Science, and Cochrane Library were searched comprehen-
sively. In addition to searching the published literature, gray lit-
erature (ClinicalTrials.gov, Google Scholar) was also searched. The
search terms described using probiotics and prebiotics in ADHD
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FIGURE 1 Flowchart of the included
studies, including identification, screening,
eligibility, and the final sample.
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3.1 | Probiotics and ADHD

A total of seven studies were identified on the effect of probiotic
consumption on ADHD manifestation. They consisted of clinical trials
evaluating the impact of probiotics on neurocognitive and behavioral
outcomes or other symptoms of ADHD. The following interventions
with probiotics were considered: Lactobacillus rhamnosus GG
ATCC53103  (LGG),™®  Lactobacillus  acidophilus/Bifidobacterium
infantis,> 8x10°CFU/day probiotic sachet with Lactobacillus
reuteri, Lactobacillus acidophilus, Lactobacillus fermentum, and
Bifidobacterium bifidum (each 2x 10°),” Bifidobacterium bifidum (Bf-
688),10 and Lactobacillus plantarum ps128.1112

Lactobacillus rhamnosus supplementation was investigated
in two studies. A study conducted by Partty et al. evaluated the
symptoms of ADHD in a cohort of children aged 6 months to
13years using Lactobacillus rhamnosus GG (ATCC 53103) or pla-
cebo and reported that ingestion of probiotics during infancy may
reduce the risk of ADHD development, possibly through mech-
anisms other than gut microbiota composition.! Using 32 ADHD
patients aged between 4 and 17 years, Kumperscak et al. com-
pared daily probiotic supplementation in the form of Lactobacillus
rhamnosus GG ATCC53103 (LGG) versus placebo for 3months.
LGG supplementation improved emotional, physical, social, and
academic functioning and improved health-related quality of life
for ADHD children and adolescents compared with placebos.3

These studies showed that supplementation with LGG could ben-
efit ADHD individuals.

The effect of breastfeeding for 3months and prophylactic use of
Lactobacillus acidophilus (1-3x 10° CFU) and Bifidobacterium infantis
(1-1.5x 10°) probiotics on neurocognitive and behavioral outcomes
in children with very low birth weight (VLBW) from days 1 to 3 until
days 14 to 35 was determined in a cohort study. Specifically, pro-
longed breastfeeding may lower the risks of inattention, hyperactiv-
ity, and conduct problems in highly vulnerable infants.®

Sepehrmanesh et al. assessed the influence of probiotic supple-
ments on the mental health and metabolic conditions of children
with ADHD. In this study, 34 subjects were randomly allocated
into two groups: 17 received 8><109CFU/g probiotic supplements
(probiotic group), and 17 received a placebo for 8 weeks. Results
showed that probiotic supplementation during an 8-week inter-
vention in children with ADHD had positive effects on the rating
scale of ADHD, hs-CRP, Hamilton Anxiety Rating Scale (HAM-A) of
serum, and total antioxidant capacity (TAC) levels in plasma. Still, it
neither influenced Children's Depression Inventory (CDI) nor other
metabolic features.”

Wang et al. assessed the probiotic Bifidobacterium bifidum (Bf-
688) (daily bacteria count 5x10° CFUs) on clinical characteristics
and gut microbiomes among 30 ADHD children aged 4-16years for
8weeks. They found that children with ADHD had an increase in
body weight and BMI and improved inattention symptoms as well
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as hyperactivity/impulsive symptoms after taking probiotic Bf-688.
Bf-688 also significantly altered gut microbiota composition. This
led to a significant decrease in Firmicutes and Bacteroidota, while a
significant increase in Proteobacteria and Shigella.*°

Moreover, researchers found that probiotic supplements com-
bined with Ritalin may reduce ADHD symptoms in children. In a re-
cent study, 38 subjects aged 6-12years were randomly assigned to
receive either probiotics or placebos in addition to Ritalin. A probiotic
supplement for 8 weeks significantly improved scores on the Clinical
Global Impression-Severity Scale (CGI-S) and the Scale-short ver-
sion (CPRS-RS). Prebiotics were reported to enhance ADHD symp-
toms and severity.!* In another study, Wu et al. assessed the impact
of probiotics Lactobacillus plantarum on ADHD and Tourette symp-
toms. In this study, 58 children aged 5 to 18 years were randomly al-
located into two groups: 28 received 3x 10'° CFU/capsule of PS128,
and 29 subjects received a placebo containing only microcrystalline
cellulose. SNAP-1V and Conners' continuous performance test (CPT)
scores of children with Tourette syndrome improved after 2 months
of taking probiotics PS128 treatment. Fifty percent of children di-
agnosed with ADHD have comorbid Tourette syndrome and this
finding suggests probiotics as an appealing adjunctive therapy for
children with ADHD.*?

3.2 | Synbioticand ADHD

Synbiotics supplementation and ADHD have been studied in two
studies. The effects of synbiotic supplementation on 180 partici-
pants aged 18-65 with impulsive behavior and ADHD or border-
line personality disorder for a period of 10weeks were studied in a
prospective, multicenter, double-blind, randomized controlled study
with 180 participants. Emotion regulation was improved in patients
with ADHD, according to the results.? Furthermore, Yang et al. con-
ducted a double-blind randomized controlled trial of Synbiotic 2000
in children and adults with ADHD for 9weeks to see if it affected
plasma levels of immunity and inflammation markers and SCFAs.
Synbiotic 2000 Forte consists of 10'°CFU of each of Pediococcus
pentoseceus 5-33:3, Leuconostoc mesenteroides 32-77:1, L.paracasei
ssp. paracasei 19, and L.plantarum 2362, as well as 2.5g inulin, oat
bran, pectin, and resistant starch.®®> Based on the results, Synbiotic
2000 reduces markers of inflammation in the intestine and vascular
system in children with ADHD, the latter in part by increasing levels
of SCFA.

4 | DISCUSSION

To the researchers' knowledge, this article is the first systematic re-
view study examining the relationship between probiotics and prebi-
otics in children with ADHD. A total of seven studies were identified
on the effect of probiotic consumption and ADHD manifestation.
Based on this systematic review, there is some evidence that con-
firms the impact of probiotics on neurocognitive and behavioral

REPORTS

outcomes or symptoms of ADHD. The difference in the obtained
results may be in part due to the different strains of probiotics and
the dosage of the probiotic used.

However, the beneficial roles of probiotics in children with ADHD
need to be further investigated by clinical research. Compared with
previous studies, this study included more studies, larger sample
size, less publication bias, and relatively reliable conclusions. Future
studies with larger samples and longer intervention periods are
needed to confirm the obtained results and to discover the under-
lying mechanisms of the effects of prebiotics and probiotics on pa-
tients with ADHD.

5 | CONCLUSION

ADHD in children and adolescents is reported to be associated with
altered gut flora. This systematic review provides some evidence
suggesting that supplementation with gut microbiota may play a role
in improving ADHD symptoms. Prebiotics and probiotics are consid-
ered beneficial as adjuvant therapy because of their positive effects
on the metabolic pathways involved in several psychiatric disorders.
It is crucial to comprehend the function of gut microbiota in order to
discover the clinical application of microbial modulation and develop
microbiota-targeted treatments. Further studies with longer dura-
tion, including a more significant number of patients and a variety of
age groups, and using various evaluation techniques such as in vivo
observation are required to examine the effects of prebiotics and
probiotics on ADHD.
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