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Background and objective: The potential impact of gut health on general 
physical and mental well-being, particularly in relation to brain function, has led 
to a growing interest in the potential health advantages of prebiotics, probiotics, 
and synbiotics for the management of ASD. A comprehensive meta-analysis 
and systematic review was conducted in order to evaluate the effectiveness 
and protection of many drugs targeted at manipulating the microbiota in the 
treatment of ASD.

Methods: The present study employed a comprehensive examination of various 
electronic databases yielded a total of 3,393 records that were deemed possibly 
pertinent to the study. RCTs encompassed a total of 720 individuals between the 
ages of 2 and 17, as well as 112 adults and participants ranging from 5 to 55 years 
old, all of whom had received a diagnosis of ASD.

Results: Overall, 10 studies reported Autism-Related Behavioral Symptoms (ARBS). 
Regarding the enhancement of autism-related behavioral symptoms, there wasn’t 
a statistically significant difference between the intervention groups (combined 
standardized mean difference = −0.07, 95% confidence interval: −0.39 to 0.24, 
Z  =  0.46, p  =  0.65). We observed that in the patients with ASD treated with probiotic 
frontopolar’s power decreased significantly from baseline to endpoints in beta band 
(Baseline: 13.09 ± 3.46, vs. endpoint: 10.75 ± 2.42, p  =  0.043, respectively) and gamma 
band (Baseline: 5.80 ± 2.42, vs. endpoint: 4.63 ± 1.39, p  =  0.033, respectively). Among all 
tested biochemical measures, a significant negative correlation was found between 
frontopolar coherence in the gamma band and TNF-α (r  =  −0.30, p  =  0.04).

Conclusion: The existing body of research provides a comprehensive analysis of 
the developing evidence that indicates the potential of probiotics, prebiotics, and 
synbiotics as therapeutic therapies for ASD. Our findings revealed that those there 
was no significant effect of such therapy on autism-related behavioral symptoms, 
it has significant effect on the brain connectivity through frontopolar power in 
beta and gamma bands mediated by chemicals and cytokines, such as TNF-α. 
The psychobiotics showed no serious side-effects.
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Introduction

Autism Spectrum Condition (ASD), a developmental condition, 
significantly influences people’s social interactions, behavior, and 
learning (1). While the diagnosis of this condition is possible at any 
age, its symptoms often become apparent within the first 2 years of life 
due to its inherent developmental characteristics. ASD has been seen 
to impact individuals from diverse ethnic, racial, and socioeconomic 
backgrounds. It is still unclear what causes autism spectrum disorder, 
most likely arising from a complex interplay of genetic and 
environmental influences (2–5). Parents and families have significant 
challenges when dealing with a kid who has been diagnosed with ASD 
since the disorder’s profound and wide-ranging deficits give rise to 
many complexities in providing care (6). In the last three decades, 
there has been a notable increase in the condition’s occurrence, leading 
to substantial research efforts to comprehend its biochemical and 
genetic markers (7). Nevertheless, there is a scarcity of research 
examining the intricate relationship between the symptoms of the 
condition and the dynamics within the family unit. While a 
considerable body of research has been dedicated to examining the 
difficulties encountered by these children, there has been minimal 
exploration of the particularities surrounding their caregiving contexts.

Unfortunately, there is no known remedy for ASD; however, 
various therapies have been devised and examined, primarily focusing 
on young children. The primary objective of these therapies is to 
mitigate symptoms, improve cognitive capabilities, strengthen daily 
life skills, and maximize social functioning among persons (8). The 
current body of knowledge about effective treatment approaches for 
individuals with ASD who are older children and adults is constrained. 
Although some study has been conducted on social skills groups for 
older children, the available data supporting their effectiveness still 
needs to be improved (9).

Treatment techniques with the potential to enhance outcomes 
throughout adulthood need to be evaluated, and this can only be done 
with further research. It is essential to provide services that support 
persons with ASD in their pursuit of education, vocational training, 
employment, housing, transportation, healthcare, daily functioning, 
and active participation in the community (10). The prompt 
identification and timely intervention of ASD in youngsters might 
provide substantial advantages, facilitating their ability to surmount 
several obstacles. Hence, it is essential for parents to proactively seek 
assistance from rehabilitation facilities upon detecting any signs of 
developmental delays or to meet with professionals in pediatric 
neurology and child and adolescent psychiatry. According to reference 
(11), the timely implementation of interventions may effectively 
minimize a significant proportion (ranging from 90 to 95%) of 
these concerns.

A range of therapeutic alternatives is accessible, including applied 
behavior analysis, social skills training, occupational therapy, physical 
therapy, sensory integration therapy, and the employment of assistive 
technologies (12). The treatments discussed in this context may 
be broadly classified into behavioral and communication techniques, 
dietary measures, medicine, and complementary and alternative 
therapies (13). Probiotics have garnered considerable interest within 
the field of nutrition. Live microorganisms provide several health 
advantages, a few of which will be further examined in subsequent 
sections of this article. In contrast, prebiotics, produced from 
indigestible carbohydrates, particularly fiber, function as a source of 

sustenance for the advantageous gut bacteria, specifically 
probiotics (14).

Moreover, a complete evaluation of the existing literature via an 
umbrella review reveals a scarcity of comprehensive meta-analyses 
investigating the simultaneous efficacy of probiotics, prebiotics, and 
synbiotics for patients diagnosed with ASD. Despite a few meta-
analyses, the scope of these analyses is restricted due to the inclusion 
of only a small number of papers for pooled analyses (15–22). For this 
reason, it’s crucial to expand the scope of the literature review to 
incorporate additional studies on the advantages of combining 
probiotics, prebiotics, and synbiotics for children with ASD. This 
study aims to collecting evidence on the efficacy of probiotic, prebiotic, 
and synbiotic therapy plans. It will aid in formulating well-informed 
guidelines and procedures for implementing these therapies within 
the framework of ASD care. The task at hand also necessitates 
investigating essential implementation details.

Methods

The standards for the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement were used to make 
this systematic review and meta-analysis (23).

Search strategy

We conducted a comprehensive search across widely recognized 
indexing databases, which included CNKI, PubMed/MEDLINE, 
Embase, Web of Sciences, Scopus, and the Cochran library. Our search 
strategy employed broad search terms encompassing various 
expressions including Search: ((((((autistic traits[Title/Abstract]) OR 
(Asperger disorder[Title/Abstract])) OR (Asperger syndrome[Title/
Abstract])) OR (autistic disorder[Title/Abstract])) OR (autism[Title/
Abstract])) OR (autism spectrum disorder[Title/Abstract])) AND 
((((probiotics[Title/Abstract]) OR (prebiotics[Title/Abstract])) OR 
(synbiotics[Title/Abstract])) OR (psychobiotics[Title/Abstract])). This 
search covered the period from January 1, 1980, to August 15, 2023, 
with no language restrictions applied. Furthermore, we extended our 
search by screening the references of selected studies and pertinent 
review articles. This extra check was done to find relevant studies that 
did not come up in the primary database searches. To facilitate 
efficient organization and management of the retrieved references, 
we  established a bibliographical database using EndNote X7. To 
ensure accuracy and consistency, two authors (FR and KD) 
independently assessed each paper for eligibility. Any discrepancies 
were resolved through consultation with third author (KT).

Study selection

Our study encompassed trials characterized by the 
following attributes:

Study Type: disciplinary trials involving the diagnosis of autism 
spectrum disorder were scrutinized exclusively, Asperger disorder, 
Asperger syndrome, or autistic disorder utilizing the widely accepted 
Randomized Controlled Trial (RCT) design.
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Participants: our research was limited to individuals between the 
ages of 1–60 who were diagnosed with autism spectrum disorder 
(ASD), Asperger disorder, autistic disorder, or autism 
spectrum condition.

Intervention: we scrutinized interventions involving probiotics, 
prebiotics, and symbiotics alone or in conjunction with other 
nutritional supplements, contrasting against a placebo.

Outcomes: the outcome measures include primary outcome as 
Effects of Probiotics, prebiotics, and synbiotics on Autism-Related 
Behavioral Symptoms of Children with ASD. To assess Autism-
Related Behavioral Symptoms, included studies mostly used the 
Aberrant Behavior Checklist. The Aberrant Behavior Checklist (ABC) 
(24, 25) consists of 58 questions asked of parents on a 0–3 scale, 
broken down as follows: (1) irritability (15 questions covering 
agitation, aggression, and self-injury); (2) social withdrawal; (3) 
stereotypes; (4) hyperactivity; and (5) improper speech (4 items) (26). 
The ABC is commonly used in ASD RCTs (27). The included studies’ 
mean and standard deviation (SD) for the transformation in outcome 
measures from pre- to post-intervention for ASD-related conduct 
disorder (henceforth referred to as “change in score”).

Secondary outcomes were biochemical and clinical parameters, as 
well as change in electroencephalogram (EEG). Neurological and 
psychiatric examinations were included in the clinical evaluation, in 
addition to a standardized assessment of gastrointestinal symptoms 
using the GSI (28); autism severity through ADOS-2 (29), Childhood 
Autism Rating Scale (CARS) (30), and Social Communication 
Questionnaire (SCQ) (31); limited and repetitive actions utilizing the 
Revised Repetitive Behavior Scale (RBSR) (32); screening for 
emotional, behavioral, and social issues with the Child Behavior 
Checklist (CBCL) (33); improvements in one’s mental faculties as 
measured by means of the Griffiths Mental Development Scales-
Extended Revised (GMDS-R) (34); improvement in adaptive skills as 
measured by the Vineland Adaptive Behavior Scales-II (35); language 
abilities can be assessed using the McArthur-Bates Communicative 
Development Inventories (CDI) (36).

Excluded from our analysis were trials meeting the 
following criteria:

 • Studies lacking precise and distinct inclusion and 
exclusion criteria.

 • Outcomes that needed to be explicitly defined or elucidated.
 • Trials lacking a controlled study design.
 • Pregnant or breastfeeding women participants.
 • Preclinical investigations using experimental animals.

In instances where several papers presented identical or 
overlapping data, preference was given to articles with lengthier 
intervention durations or larger sample sizes, incorporating them into 
our study.

Gastrointestinal and autism-related 
symptoms

We used a 7-point Likert scale to collect information about GI 
symptoms by administering a customized form of the Gastrointestinal 
Symptom Rating Scale (GSRS) (37) in the five areas of tummy trouble 
(ache, reflux, indigestion, loose stools, and bowel obstruction). Using 

the Bristol Stool Form scale, we also collected Daily Stool Records 
(DSR) for a total of 14 days (1 = very hard, 7 = liquid). Parent Global 
Impressions-III (PGI-III), Childhood Autism Rating Scale (CARS), 
Aberrant Behavior Checklist (ABC), Social Responsiveness Scale 
(SRS), and Vineland Adaptive Behavior Scale II were all used to 
evaluate symptoms associated with autism, as they had been in the 
previous study (VABS-II). About 2 years after treatment ended, 
parents evaluated their child using the GSRS, DSR, PGI-III, ABC, SRS, 
and VABS-II, and the evaluation was conducted by the same 
professional evaluator who had previously conducted the 
CARS evaluation.

Data extraction

At the outset, a pair of researchers (referred to as FR and KD in 
this study) conducted an initial screening of the gathered literature. 
This sifting involved evaluating the abstracts and titles to determine 
which works met our predetermined criteria. Subsequently, these 
selected works underwent a thorough assessment by the same 
researchers. They individually reviewed the full-text articles and 
extracted a range of data points, encompassing fundamental 
participant characteristics, sample sizes, particulars of interventions, 
comparative measures, intervention durations, evaluations of 
behavioral symptoms associated with autism, scores of GI symptoms, 
and other relevant details.

Any disparities between the assessments conducted by these two 
researchers were resolved either by double check or discussion. 
Alternatively, a third reviewer (referred to as KT) was consulted.

Study quality assessment

Following the guidelines specified in the PRISMA statement, the 
evaluation of discrimination hazards in randomized controlled trials, 
also known as RCTs, and crossover trials involved a thorough 
assessment of seven crucial factors: (1) the generation of random 
sequences; (2) the concealment of allocation; (3) the blinding of 
participants and personnel; (4) the blinding of outcome assessment; 
(5) the handling of incomplete outcome data; (6) the elimination of 
chosen reporting; and (7) the identification of any additional potential 
sources of bias. Each of the bias-related characteristics was classified 
into one of three categories: low risk, uncertain risk, or high risk.

Umbrella review

We conducted an umbrella analysis by conducting systematic 
searches in databases such as MEDLINE, Embase, the Cochrane 
Central Register of Controlled Trials, and more than 30 other sources. 
This review followed the JBI systematic review methodology. The 
Grading of Recommendations, Assessment, Development, and 
Evaluation approach was used to assess the certainty of evidence. 
Covidence was used to carry out the selection process (Melbourne, 
Australia).

For eligibility determination, two independent reviewers 
evaluated titles and abstracts. The inclusion of studies was confirmed 
through a full-text review to ensure alignment with the selection 
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criteria. All screening decisions were meticulously documented and 
are outlined in this report, accompanied by a comprehensive list of 
studies that were excluded. Eligible studies underwent a thorough 
appraisal by one reviewer and were cross-verified by a second reviewer. 
The AMSTAR-2 was used to evaluate systematic reviews and meta-
analyses (38).

Data analysis

The assessment of potential bias in randomized controlled trials 
(RCTs) and crossover studies was conducted using Review Manager 
5.3. Review Manager 5.3 was used for conducting all meta-analyses 
and generating visual representations. Furthermore, the study used 
STATA/SE software (version 15.1) and the “Meta-Analysis” package. 
To assess the changes in scores based on behavioral associated 
symptoms with autism spectrum disorder (ASD) between the first 
assessment and the final evaluation (referred to as “change in score” 
afterward), the average values and standard deviations (SDs) were 
obtained from both the intervention and control groups in the studies 
included in the analysis.

When the original sources or the writers failed to include direct 
standard deviations (SDs) for score changes, SDs were approximated 
by using the baseline and endpoint score SDs, in conjunction with the 
correlation value of 0.5, as recommended in the Cochran handbook’s 
recommended formula. The researchers then used Hedges’ technique 
to compute the standardized mean difference (SMD) and 95% 
confidence intervals (CIs) to assess the magnitude of the impact.

To assess the heterogeneity across studies, we used the I2 statistical 
and the value of p derived from Cochran’s Q test. In this study, I2 
values less than 25% were indicative of low heterogeneity, while values 
ranging from 25 to 50% were considered as moderate heterogeneity. 
On the other hand, values beyond 50% were classified as high 
heterogeneity. Utilizing a significance threshold of p < 0.05, found 
evidence of statistically significant heterogeneity. A fixed-effects 
model was selected if the I2 value was below 50%, whereas the 
random-effects model was utilized if the I2 value had been equal to or 
higher than 50%.

The Egger and Begg tests were performed in order to assess 
publication bias. The investigation of causes of heterogeneity included 
the examination of subgroups, taking into account several 
characteristics such as the country in which the research was 
conducted, the scales that were employed, the methods of intervention, 
the length of the intervention, and the kinds of studies, all of which 
were considered as possible criteria for subgroup classification.

To ensure the robustness of the results, sensitivity analyses were 
conducted by excluding one research and then redoing the meta-
analysis. For all analyses conducted, a significance threshold of p < 0.05 
was used for two-sided testing.

Results

Features shared by included studies

The PRISMA flowchart guided the study selection procedure, 
which included several stages (Figure 1). At first, 3,393 results were 

found after searching multiple databases online. Among these, 1,154 
records were identified as duplicates and subsequently removed. 
Following this, a thorough evaluation of the titles and abstracts of the 
remaining 2,239 unduplicated articles led to the exclusion of 1,607 
articles that did not align with the criteria. Consequently, 46 reports 
remained for a comprehensive full manuscript review. Upon 
conducting a detailed review of the full articles, 16 trials met our 
predefined inclusion criteria. These 16 trials were consequently 
selected for incorporation into the present systematic review and 
subsequent meta-analysis. For a comprehensive overview of the 
characteristics of these 16 randomized controlled trials (RCTs), please 
refer to Table 1 (7, 39–52, 54–56). Overall, 720 children with mean 
ages 2 to 17 years (7, 39, 41–52, 54, 56), 112 adults and participants 
aged 5 to 55 years with ASD. Of 16 included studies, 15 used probiotics 
and one used prebiotics. Out of 16, seven were from the USA (7, 40–
42, 47, 50, 52), four from China (43–45, 49), two from the UK (51, 54), 
one from each Italy, Taiwan, and Egypt (39, 46, 48).

Evaluation of bias and quality in individual 
study assessments

The analysis of 16 cases revealed that 93.75% (15/16) showing 
the investigations provided sufficient documentation of randomized 
sequence creation. However, the other two studies exhibited 
ambiguity in this particular area. All of the studies yielded data 
about the concealment of allocation. Out of the total number of 
trials examined, 68.75% (11 out of 16) were found to have 
successfully adopted double-blinding for outcome assessors. 
However, it is worth noting that blinding procedures were not 
conducted in four particular studies, namely trials (7, 44, 52, 54). 
The findings from most studies indicated a little risk of bias when it 
came to the blinding of participants and key research employees. 
However, it should be noted that two experiments demonstrated a 
significant potential for bias about this matter. Moreover, it was 
observed that all studies had a minimal likelihood of bias about 
inadequate outcomes knowledge and selective result reporting. The 
data is graphically presented in Figure 2, which includes a graph (A) 
illustrating the risk of bias and a summary (B) outlining the risk of 
bias for the RCTs (randomized controlled trials) that were included 
in the study.

Primary outcome evaluation of probiotic, 
prebiotic, and synbiotic effects on autism 
spectrum disorder-related behavioral 
symptoms

Overall, 10 studies reported Autism-Related Behavioral Symptoms 
(ARBS) (7, 39, 41, 43–45, 47, 48, 50, 51). We used the random-effects 
model due to high heterogeneity between studies (p = 0.007, I2 = 62%). 
Regarding the enhancement of autism-related behavioral symptoms, 
the results of the intervention group were not significantly different 
from the control group (combined standardized mean 
difference = −0.07, 95% confidence interval: −0.39 to 0.24, Z = 0.46, 
p = 0.65) (Figure 3).
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Assessing secondary outcomes: effects of 
probiotics, prebiotics, and synbiotics on 
EEG, and biochemical and clinical 
parameters

Patients with ASD who took probiotics had a statistically 
significant reduction in beta band semantic similarity power between 
baseline and follow-up (Baseline: 13.09 ± 3.46, vs. endpoint: 
10.75 ± 2.42, p = 0.043, respectively) also gamma spectrum (Baseline: 
5.80 ± 2.42, vs. endpoint: 4.63 ± 1.39, p = 0.033, respectively) compared 
with no significant change in placebo group (39). Frontal asymmetry 
in individuals with ASD who were given probiotics showed a 
significant decrease between baseline and endpoints in delta band 
(Baseline: 0.029 ± 0.053, vs. endpoint: −0.024 ± 0.047, p = 0.032); while 
those on the placebo group saw a significant increase from baseline to 

endpoints in frontopolar asymmetry in the alpha band (Baseline: 
0.022 ± 0.043, vs. endpoint: 0.077 ± 0.043, p = 0.03). The gamma-band 
power of frontopolar regions was positively correlated with the total 
number of RBS-R endorsements (r = 0.28, p = 0.04), which means that 
after taking probiotics, young children who had a lower RBS-R overall 
number had a lower frontopolar power in the gamma group. The beta 
and gamma frontopolar coherence results from VABS-II were 
positively correlated with one another (r = 0.37, p = 0.012 and r = 0.40, 
p = 0.007, respectively), so, those with ASD who scored lower on the 
VABS-II after taking probiotics exhibit greater beta and gamma 
frontopolar coherence. Frontopolar gamma coherence was found to 
have the strongest inverse correlation with TNF-α of any biochemical 
indicator tested. (r = −0.30, p = 0.04), resulted in greater frontopolar 
coherence in the gamma band after probiotic administration in ASD 
subjects with lower TNF-α levels at post-test.

FIGURE 1

PRISMA flowchart for included studies.
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TABLE 1 Qualities of included controlled experiments.

Study, year 
(ref.)

Country Total 
sample

Intervention of experimental 
group (dose)

Target 
population

Male/
Female

Duration in 
weeks

Mean age (Rang) Outcomes

Billeci et al. (39) Italy 63

De Simone’s probiotics included in the mix 
are: Lactobacillus casei, Bifidobacterium breve, 
Bifidobacterium longum, Bifidobacterium 
infantis, and Streptococcus thermophilus.

ASD 35/11 6
46.56 months ± 13.92 (18–
72 months)

ADOS CSS, ADI-R, SCQ, RBS-R, 
General Quotient, Developmental ret., 
VABS-II, Linguistic Level, CBCL 1, PSI, 
GSI Severity Index, CARS, TNF-α, 
CCL2, Leptin, Resistin, PAI-1

Schmitt et al. (40) USA 15
Probiotics: SB-121, a combination of L. reuteri, 
Sephadex® (dextran microparticles), and 
maltose

ASD 15/0 4 20.0 ± 3.05 (15–45 years)
Vineland factors, Oxytocin, TNF-α, and 
HS-CRP

Simmons et al. (41) USA 69 Probiotics: Vivomixx ASD 57/12 12 7.8 ± 2.6 years ATEC GHI ABC

Kong et al. (42) USA 35 Probiotics: Lactobacillus plantarum ASD 26/9 6 10.3 (3–20 years)
serum OXT, MBP, GFAP, S100B, IL-1β, 
GSI, CGI

Li et al. (43) China 41
Probiotics: Lactobacillus and Enterococcus 
Powder

ASD – 3 3–6 years Applied behavior analysis (ABA)

Santocchi et al. 
(44)

China 85 Probiotic supplement, DSF ASD 71/14 24 4.13 ± 1.0 years
ADOS-CSS, VABS-II, GMDS-ER, 
6-GSI, ATEC

Wang et al. (45) China 50 Prebiotics: Lactobacillus plantarum + FOS ASD – 3 3–9 years

Dopamine metabolism disorder, 
hyperserotonergic state (increased 
serotonin), and the presence of acetic 
acid, propionic acid, and butyric acid

El-Alfy et al. (46) Egypt 100 Probiotics: Lacteol Fort ASD – 12 2–10 years ATEC, 6-GSI

Arnold et al. (47) USA 13
The eight probiotic species found in 
VISBIOME are primarily Lactobacillus and 
Bifidobacterium

ASD 9/4 19 3–12 years
ADOS2, PedsQL GI, PRAS-ASD, ABC, 
SRS, CSHQ, PSI

Kang et al. (7) USA 18 Probiotics: Lactobacillus plantarum ASD – 18 7–17 years
Vineland factors, ADOS2, PedsQL GI, 
PRAS-ASD, ABC, SRS, CSHQ, PSI

Liu et al. (48) Taiwan 80 Probiotics: Lactobacillus plantarum PS128 ASD – 4 10.01 ± 2.34 years CGI-I, SRS, CBCL, SNAP-IV

Niu et al. (49) China 37
Applied behavior analysis (ABA) training in 
combination with probiotics

ASD 25/12 4 4 (3–8 years) ATEC, GI score

Sanctuary et al. 
(50)

USA 16 Probiotics: Bifidobacterium infantis + BCP ASD 11/5 20 6.8 ± 2.4 (2–11 years) ABC, GIH

Grimaldi et al. (51) UK 41 Prebiotic: Bimuno® galactooligosaccharide 
(B-GOS®) prebiotic intervention

ASD 31/10 6 7 (4–11 years) ATEC, EQ-SQ, SCAS-P

Kang et al. (52) USA 18 Probiotics: Lactobacillus plantarum ASD – 8 7–16 years
Vineland factors, ADOS2, PedsQL GI, 
PRAS-ASD, ABC, SRS, CSHQ, PSI

Kałużna-
Czaplińska and 
Błaszczyk (53)

Poland 22 Probiotics: Lactobacillus acidophilus ASD 20/2 8 5.6 ± 1.6 Changes in DA/LA

Parracho et al. (54) UK 17 Probiotics: Lactobacillus plantarum WCFS1 ASD – 12 3–16 years DBC
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Subgroup analyses

It was found through country-specific subgroup analyses that no 
region showed statistically significant differences in the improved 
performance of assessments of behavioral symptoms related to ASD 
between the therapy and placebo groups (Table 2). There was also no 
statistically significant difference between the groups who received 
intervention and the groups who received a placebo when it came to 
the improvements in behavioral symptom severity affiliated to autism 
spectrum disorder (ASD) (Table 2).

Analyzing the impact of publication bias 
and variables

The total number of papers used in this meta-analysis was 10. 
Evidence of publication bias was sought using the methods established 
by Begg and Egger’s experimental studies and visual check of funnel 
plots for symmetry (Figure 4). These statistical tests indicated a little 
chance of editorial prejudice (p > 0.05). To test the robustness of the 
results, the seven publications include in the meta-analysis were 
subjected to a sensitivity analysis. Importantly, when individual 

FIGURE 2

Risk of bias assessment in included randomized controlled trials (RCTs).

TABLE 2 Subgroup analysis of autism-related behavioral symptoms by geographic region, intervention type.

Sub-grouped 
by

No. of 
trials

No. of 
participants

SMD 95% CI p I2 (%) p for heterogeneity

Geographic region

America

Europe

Asia

4

2

4

184

131

225

−0.11

0.33

−0.82

−0.6, 0.39

−0.58, 1.25

−1.71, 0.06

0.67

0.47

0.07

45%

82%

90%

0.14

0.002

<0.00001

Intervention type

Probiotics

Prebiotics

8

2

405

135

−0.19

−0.80

−0.42, 0.33

−3.93, 2.34

0.09

0.62

17%

98%

0.30

<0.00001
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research studies were removed, there was still little heterogeneity in 
the aggregate impact size. This further demonstrates the validity of the 
results of this meta-analysis.

Harmlessness

There were no unexpectedly serious AEs, which was expected. 
Neither treatment-attributable nor gastrointestinal AEs were more 
common in the probiotic preparation than in the placebo group (47, 
51). This further verifies the formulation’s proven safety profile.

Umbrella review

Finally, we  located eight small-sample systematic reviews and 
meta-analyses on the probiotics, prebiotics, and synbiotics for 
ASD. Results from 125 randomized controlled trials were analyzed for 
41 pharmaceuticals and 17 dietary supplements. (n = 7,450 
participants) teenagers and kids and 18 RCTs (n = 1,104) in adults that 
were conducted in several worldwide databases by Siafis et al. (20). 
He et al. (17) did a similar meta-analysis to examine if probiotics 
might ameliorate behavioral indicators in children with ASD. They 
found seven papers that supported this hypothesis. When investigating 
whether probiotics and prebiotics may reduce the intensity of 
symptoms of ASD in young ones, the complexity of gastrointestinal 
(GI) disorders, and the concomitant psychopathology in ASD, Song 
et al. (21) did a meta-analysis using just 3 clinical controlled trials. 
Only Ng et al. (19) analyzed eight clinical studies to determine the 
impact of prebiotics/probiotics on ASD. When it comes to treating 
core and co-occurring behavioral problems in people with ASD, 14 
papers satisfied the inclusion criteria for a recent review by Tan et al. 
(22), in which they critically examine the available data on the 
effectiveness and efficacy of probiotics, prebiotic, synbiotic, and 
transplantation of feces microbiota treatments. Barbosa and Vieira-
Coelho (16) tried to identify the functioning clinical proof that could 
possibly defend the use of probiotics or prebiotics in neurological 
patients and included 11 studies; Ligezka et  al. (18) completed a 
literature review on the effects of the gut microbiota on the mental 

health of children and adolescents; 7 studies, along with RCTs and 
cohort studies, met eligibility requirements. Finally, Alanazi (15) 
conducted a meta-analysis of randomized, controlled studies to 
determine whether or not probiotics and vitamins are beneficial for 
people with ASD. Table  3 lists the specifics and features of 
these evaluations.

Risk of bias in included systematic reviews

We evaluated the potential bias in all the studies that were 
included in the analysis. The outcomes of this bias assessment are 
presented in Table 4. To ensure that all relevant studies were included, 
systematic reviews should ask specific questions, develop thorough 
search strategies, and employ a variety of resources. The methods used 
to standardize the extraction of data and pool findings from multiple 
studies were also solid.

However, upon closer examination, we identified certain biases in 
all the systematic reviews that were included. Recurring worries 
included the use of predominant studies that compared all patients to 
the same standard test of nutritional intervention. This approach 
raised questions about potential bias.

Discussion

This systematic review and meta-analysis was aimed to assess the 
efficacy and safety of psychobiotics in ASD subjects, and show that 
those there was no significant effect of such therapy on autism-related 
behavioral symptoms, it has significant effect on the brain connectivity 
through frontopolar power in beta and gamma bands mediated by 
chemicals and cytokines, such as TNF-α. The psychobiotics showed 
no serious side-effects.

ASD represents a neurodevelopmental condition marked by 
enduring deficits in social interaction and communication. Alongside 
these challenges are repetitive and restricted behavior patterns, 
interests, or activities. The complexities and obstacles associated with 
ASD result from a combination of factors and manifest through a wide 

FIGURE 3

Forest plot illustrating the impact of psychobiotics on enhancing autism-related behavioral symptoms in the intervention vs. placebo groups.
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range of symptoms, encompassing issues like impaired social 
interactions, communication difficulties, and repetitive behaviors. The 
increasing prevalence of autism spectrum disorder highlights the 
urgent need to implement effective therapies all over the world.

The current understanding is that ASD arises from a complex 
interplay between environmental and genetic influences. Several 
variables have been identified as contributing to developing problems 
with the immune system and genetic structure (4, 5, 57–59). The study 
conducted by Malkova et al. (5) observed an increase in the risk of 
autism spectrum disorder in children whose mothers experienced 
immunological activation during pregnancy. The examination 
conducted in this context is noteworthy because it investigates the 
possible use of probiotics, prebiotics, and synbiotics as therapies. The 
intricate relationship between gut wellness and neurological problems 
is the focus of the article.

The study’s results are supported by reputable sources, including 
Schmitt et al. (40) and Kang et al. (7), which enhances the study’s 
credibility and strengthens its overall validity. The present paper 
includes a comprehensive meta-analysis of randomized controlled 
trials (RCTs) examining the effect of probiotics, prebiotics, and 
synbiotics on symptoms associated with ASD. The results of these 
studies involve improvements in actions, gastrointestinal function, 
and general quality of life. Nevertheless, it is important to acknowledge 
that the findings are influenced by the intrinsic diversity in the 

research, which arises from differences in the protocols of the 
interventions and the characteristics of the participants.

According to our data, the behavioral symptoms associated with 
ASD do not improve between the beginning and end of treatment.

Children who were given probiotics had reduced frontopolar 
power, according to the study, than that of children who did not 
receive probiotics, while frontopolar power was higher. Subjects with 
their eyes open produce beta waves, which are linked to physiological 
activation, attention, concentration, analytical thought, and states of 
focused attention, deep thought, and full mental or motor engagement 
(60). Gamma waves are linked to early sensory reactions and working-
memory tasks (61). The resting electroencephalogram (EEG) of 
people with autism spectrum disorder typically displays elevated 
activity in the delta, theta, beta, and gamma frequency bands (62–64). 
When it comes to distinguishing autistic disorder from other 
conditions, beta power is regarded as one of the finest indices, with a 
95.2% accuracy rate (65).

Coherence increases after probiotic supplementation, and this is 
correlated with reduced levels of cytokines like TNF-α, according to 
an analysis of the relationships between EEG and biochemical 
measures. Levels of TNF-α, an inflammatory biomarker found in the 
brain and CSF of many autistic people, have been found to 
be positively correlated with the severity of autism spectrum disorders 
(66). Considering the importance of TNF-α in controlling highly 

FIGURE 4

Funnel plots of overall (A), subgroup analysis by geographic region (B), and subgroup analysis by type of intervention (C).

https://doi.org/10.3389/fnut.2023.1294089
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Rahim et al. 10.3389/fnut.2023.1294089

Frontiers in Nutrition 10 frontiersin.org

functional and plasticity, it is clear that this protein has an effect on 
EEG patterns (67). This suggests that the chemicals, cytokines, and 
hormones secreted by the gut microbiota and influenced by probiotic 
administration may be mediating the alterations in brain connectivity 
that we described.

The incorporation of several age cohorts in the research 
contributes an enhanced level of complexity to its results. The research 
recognizes the dynamic character of autism spectrum disorder (ASD) 
and the possible variations in intervention outcomes depending on 
age, taking into account both preschool-aged children (39) and people 
across multiple stages of development (45). Because of the well-known 

connection between gut health and brain health, this article centers 
on the microbiome of the digestive tract (13). Many neurological and 
psychiatric disorders, particularly ASD, have been linked to this 
symbiotic interaction between the brain and the digestive system. The 
major goal of this study is to investigate therapies that affect this axis, 
highlighting its possible importance in delivering comprehensive care 
to people with ASD.

By conducting a meta-analysis and systematic review of the 
relevant literature, the paper provides a substantial contribution to our 
understanding of the potential benefits of probiotics, prebiotics, and 
synbiotics as additional therapy for people with ASD. In order to 

TABLE 3 Characteristics of included systematic review and meta-analyses.

Study, 
year (ref.)

Country Total 
included

Intervention of 
experimental 
group (dose)

Study 
design

Duration in 
weeks

Target 
group

Outcomes

Siafis et al. 

(20)
Germany 18

Pharmacological and 

dietary-supplement
SR and MA 8–13 weeks

Children 

adolescents and 

adults

Medication for the 

primary symptoms 

should not 

be prescribed on a 

regular basis

He et al. (17) China 10 Probiotics SR and MA 4–12 weeks Children

The influence of 

probiotics on 

children with ASD 

need to be studied in 

randomized 

controlled trials 

(RCTs) that adhere 

to rigorous trial 

guidelines

Song et al. (21) China 3 Prebiotics and probiotics SR and MA 4–24 weeks Children

Future, more 

randomized 

controlled studies are 

needed

Ng et al. (19) Singapore 8 Prebiotics and probiotics SR 3–12 weeks Children

Despite promising 

preclinical findings, 

prebiotics and 

probiotics have 

limited efficacy in 

ASD

Tan et al. (22) Canada 14
Probiotics, prebiotics, 

synbiotics
SR 1–18 weeks Children

Beneficial effects of 

probiotic, prebiotic 

in ASD

Ligezka et al. 

(18)
USA 7 Prebiotics SR 3–12 weeks

Children 

adolescents

Research is needed 

to confirm whether 

or not gut dysbiosis

Barbosa and 

Vieira-Coelho 

(16)

Portugal 11 Prebiotics and probiotics SR 4–18 weeks Children

Findings in specific 

psychiatric disorders 

are encouraging

Alanazi (15) Saudi Arabia 11
Prebiotics and 

supplements
SR –

Children 

adolescents

Still lacks stronger 

evidence

Present study Iraq 18
Probiotics, prebiotics, 

synbiotics

SR, MA, and 

UR
4–28 weeks

Children 

adolescents and 

adults

No beneficial effects 

of probiotic, 

prebiotic in ASD
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properly address the many complexities of ASD, the research offers a 
critical evaluation of the present state of affairs and highlights the need 
for more centralized research methodology to be  used. As our 
knowledge of the microbiome-gut-brain axis expands, we anticipate 
that medicines supported by evidence that improve gut health will 
play an increasingly significant role in the management of ASD.

Limitations

Strict eligibility requirements imposed by the study’s sponsor 
contributed to a relatively small sample size. Potentially illuminating 
splits by sex and GI dysfunction type were not possible due to the 
small sample size. Another is though successful blinding in double-
blind RCTs is crucial for minimizing bias, however studies rarely report 
information about blinding. In double-blind RCTs of therapies in 
ASD, blinding can be broken due to the apparent side effects. It would 
appear that adequate allocation concealment is the more crucial 
indicator. Furthermore, many trials, especially those involving 
children, cannot be double-blinded. A standard premised on double 
blinding is not applicable, so those trials must be evaluated on their 
own merits. A third factor is the use of an insensitive anxiety scale that 
was chosen because it was thought to be ASD-specific.

Conclusion

The published studies on psychobiotics in patients with ASD 
provide encouraging insights into the potential benefits of modulating 
the gut microbiota for symptom improvement. The results of this 
review shows that psychobiotics impose a medium effect on 
ASD-related symptoms. These interventions may hold promise as 
complementary or adjunct therapies for individuals with these 
neurodevelopmental disorders. Our results lend credence to the use 

of psychobiotics in a sizable population of people with ASD. The 
results of this pilot study also pave the way for future studies to use 
EEG activity as a quantitative objective marker of efficacy of treatment 
in children with ASD. However, further research, including larger and 
more controlled clinical trials, is necessary to better understand the 
mechanisms at play and to elaborate clear guidelines for their use in 
clinical practice.
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TABLE 4 Methodological quality evaluation of the included systematic reviews.

Study ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Siafis et al. 

(20)
Y Y Y N Y Y Y Y N N/A Y

He et al. (17) Y N Y N Y Y Y Y N Y N

Song et al. 

(21)
Y u Y N Y Y Y Y Y N/A Y

Ng et al. (19) Y Y Y N N/A Y Y Y N Y Y

Tan et al. (22) Y Y Y N Y Y Y Y Y Y Y

Ligezka et al. 

(18)
Y Y Y U N Y Y Y N Y Y

Barbosa and 

Vieira-Coelho 

(16)

Y Y Y N Y Y N/A Y U Y Y

Alanazi (15) Y Y U N N/A Y Y Y N N/A Y

Present study Y Y Y Y Y Y Y Y N Y Y

Q1, Is the evaluation question unambiguous?; Q2, Were there sufficient inclusion criteria to answer the research question?; Q3, Was the search strategy appropriate?; Q4, Were there insufficient 
means or sources used to find studies?; Q5, Were the study-evaluation standards adequate?; Q6, Did at least two separate reviewers each make their own critical judgments?; Q7, Was there a 
way to reduce human error during data collection?; Q8, Were the strategies for combining studies adequate?; Q9, Was the potential for bias in the publication process evaluated?; Q10, Were the 
reported data sufficient to back up the suggested changes to policy and/or practice?; Q11, Were the detailed instructions for new studies adequate?

https://doi.org/10.3389/fnut.2023.1294089
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Rahim et al. 10.3389/fnut.2023.1294089

Frontiers in Nutrition 12 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1294089/
full#supplementary-material

References
 1. Mazurek MO, Sohl K. Sleep and behavioral problems in children with autism 

spectrum disorder. J Autism Dev Disord. (2016) 46:1906–15. doi: 10.1007/
s10803-016-2723-7

 2. Newschaffer CJ, Croen LA, Daniels J, Giarelli E, Grether JK, Levy SE, et al. The 
epidemiology of autism spectrum disorders. Annu Rev Public Health. (2007) 28:235–58. 
doi: 10.1146/annurev.publhealth.28.021406.144007

 3. Devlin B, Scherer SW. Genetic architecture in autism spectrum disorder. Curr Opin 
Genet Dev. (2012) 22:229–37. doi: 10.1016/j.gde.2012.03.002

 4. Ronemus M, Iossifov I, Levy D, Wigler M. The role of de novo mutations in the 
genetics of autism spectrum disorders. Nat Rev Genet. (2014) 15:133–41. doi: 10.1038/
nrg3585

 5. Malkova NV, Yu CZ, Hsiao EY, Moore MJ, Patterson PH. Maternal immune 
activation yields offspring displaying mouse versions of the three core symptoms of 
autism. Brain Behav Immun. (2012) 26:607–16. doi: 10.1016/j.bbi.2012.01.011

 6. Karst JS, Van Hecke AV. Parent and family impact of autism spectrum disorders: a 
review and proposed model for intervention evaluation. Clin Child Fam Psychol Rev. 
(2012) 15:247–77. doi: 10.1007/s10567-012-0119-6

 7. Kang DW, Adams JB, Coleman DM, Pollard EL, Maldonado J, McDonough-Means 
S, et al. Long-term benefit of microbiota transfer therapy on autism symptoms and gut 
microbiota. Sci Rep. (2019) 9:5821. doi: 10.1038/s41598-019-42183-0

 8. Shenoy MD, Indla V, Reddy H. Comprehensive management of autism: current 
evidence. Indian J Psychol Med. (2017) 39:727–31. doi: 10.4103/IJPSYM.IJPSYM_272_17

 9. Gates JA, Kang E, Lerner MD. Efficacy of group social skills interventions for youth 
with autism spectrum disorder: a systematic review and meta-analysis. Clin Psychol Rev. 
(2017) 52:164–81. doi: 10.1016/j.cpr.2017.01.006

 10. Krieger B, Piškur B, Schulze C, Jakobs U, Beurskens A, Moser A. Supporting and 
hindering environments for participation of adolescents diagnosed with autism 
spectrum disorder: a scoping review. PLoS One. (2018) 13:e0202071. doi: 10.1371/
journal.pone.0202071

 11. Manohar H, Kandasamy P, Chandrasekaran V, Rajkumar RP. Early diagnosis and 
intervention for autism spectrum disorder: need for pediatrician-child psychiatrist 
liaison. Indian J Psychol Med. (2019) 41:87–90. doi: 10.4103/IJPSYM.IJPSYM_154_18

 12. Kalra R, Gupta M, Sharma P. Recent advancement in interventions for autism 
spectrum disorder: a review. J Neuro-Oncol. (2023) 11:100068. doi: 10.1016/j.
jnrt.2023.100068

 13. Tabish SA. Complementary and alternative healthcare: is it evidence-based? Int J 
Health Sci. (2008) 2:v–ix.

 14. Markowiak P, Śliżewska K. Effects of probiotics, prebiotics, and synbiotics on 
human health. Nutrients. (2017) 9:21. doi: 10.3390/nu9091021

 15. Alanazi AS. The role of nutraceuticals in the management of autism. Saudi Pharm 
J. (2013) 21:233–43. doi: 10.1016/j.jsps.2012.10.001

 16. Barbosa RSD, Vieira-Coelho MA. Probiotics and prebiotics: focus on psychiatric 
disorders – a systematic review. Nutr Rev. (2020) 78:437–50. doi: 10.1093/nutrit/nuz080

 17. He X, Liu W, Tang F, Chen X, Song G. Effects of probiotics on autism spectrum 
disorder in children: a systematic review and meta-analysis of clinical trials. Nutrients. 
(2023) 15:61415. doi: 10.3390/nu15061415

 18. Ligezka AN, Sonmez AI, Corral-Frias MP, Golebiowski R, Lynch B, Croarkin PE, 
et al. A systematic review of microbiome changes and impact of probiotic 
supplementation in children and adolescents with neuropsychiatric disorders. Prog 
Neuro-Psychopharmacol Biol Psychiatry. (2021) 108:110187. doi: 10.1016/j.
pnpbp.2020.110187

 19. Ng QX, Loke W, Venkatanarayanan N, Lim DY, Soh AYS. A systematic review of 
the role of prebiotics and probiotics in autism spectrum disorders. Medicina. (2019) 
55:129. doi: 10.3390/medicina55050129

 20. Siafis S, Çıray O, Wu H, Schneider-Thoma J, Bighelli I, Krause M, et al. 
Pharmacological and dietary-supplement treatments for autism spectrum disorder: a 

systematic review and network meta-analysis. Mol Autism. (2022) 13:10. doi: 10.1186/
s13229-022-00488-4

 21. Song W, Zhang M, Teng L, Wang Y, Zhu L. Prebiotics and probiotics for autism 
spectrum disorder: a systematic review and meta-analysis of controlled clinical trials. J 
Med Microbiol. (2022) 71. doi: 10.1099/jmm.0.001510

 22. Tan Q, Orsso CE, Deehan EC, Kung JY, Tun HM, Wine E, et al. Probiotics, 
prebiotics, synbiotics, and fecal microbiota transplantation in the treatment of 
behavioral symptoms of autism spectrum disorder: a systematic review. Autism Res. 
(2021) 14:1820–36. doi: 10.1002/aur.2560

 23. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The 
PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate 
healthcare interventions: explanation and elaboration. BMJ. (2009) 339:b2700. doi: 10.1136/
bmj.b2700

 24. Aman MG, Singh NN, Stewart AW, Field CJ. The aberrant behavior checklist: a 
behavior rating scale for the assessment of treatment effects. Am J Ment Defic. (1985) 
89:485–91.

 25. Norris M, Aman MG, Mazurek MO, Scherr JF, Butter EM. Psychometric 
characteristics of the aberrant behavior checklist in a well-defined sample of youth 
with autism spectrum disorder. Res Autism Spectr Disorders. (2019) 62:1–9. doi: 
10.1016/j.rasd.2019.02.001

 26. Aman MG, Singh NN, Turbott SH. Reliability of the aberrant behavior checklist 
and the effect of variations in instructions. Am J Ment Defic. (1987) 92:237–40.

 27. Aman MG: Aberrant behavior checklist. Encyclopedia of autism spectrum disorders. 
(Ed.) FR Volkmar. New York, NY: Springer New York; (2013): 10–17

 28. Schneider CK, Melmed RD, Barstow LE, Enriquez FJ, Ranger-Moore J, Ostrem JA. Oral 
human immunoglobulin for children with autism and gastrointestinal dysfunction: a 
prospective, open-label study. J Autism Dev Disord. (2006) 36:1053–64. doi: 10.1007/
s10803-006-0141-y

 29. Hong JS, Singh V, Kalb L, Ashkar A, Landa R. Replication study of ADOS-2 
toddler module cut-off scores for autism spectrum disorder classification. Autism Res. 
(2021) 14:1284–95. doi: 10.1002/aur.2496

 30. Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification of 
childhood autism: childhood autism rating scale (CARS). J Autism Dev Disord. (1980) 
10:91–103. doi: 10.1007/BF02408436

 31. Eaves LC, Wingert HD, Ho HH, Mickelson ECR. Screening for autism spectrum 
disorders with the social communication questionnaire. J Dev Behav Pediatr. (2006) 
27:S95. doi: 10.1097/00004703-200604002-00007

 32. Lam KSL, Aman MG. The repetitive behavior scale-revised: independent 
validation in individuals with autism spectrum disorders. J Aut Dev Disorders. (2007) 
37:855–66. doi: 10.1007/s10803-006-0213-z

 33. Frigerio A, Cozzi P, Pastore V, Molteni M, Borgatti R, Montirosso R: La valutazione 
dei problemi emotivo comportamentali in un campione italiano di bambini in età 
prescolare attraverso la Child Behavior Checklist e il Caregiver Teacher Report Form. 
(2006) 

 34. Jacklin L, Cockcroft K: The Griffiths mental developmental scales; an overview and 
a consideration of their relevance for South  Africa. Psychological assessment in 
South Africa. (Ed) S Laher and K Cockcroft: Wits University Press; (2013): 169–185. doi: 
10.18772/22013015782

 35. Balboni G, Belacchi C, Bonichini S, Coscarelli A: Vineland adaptive behavior scales, 
second edition (Vineland-II) – Survey interview form. Standardizzazione italiana. Firenze, 
Italy: GiuntiOS (2016).

 36. Marchman VA, Dale PS. The MacArthur-bates communicative development 
inventories: updates from the CDI advisory board. Front Psychol. (2023) 14:1170303. 
doi: 10.3389/fpsyg.2023.1170303

 37. Revicki DA, Wood M, Wiklund I, Crawley J. Reliability and validity of the 
gastrointestinal symptom rating scale in patients with gastroesophageal reflux disease. 
Qual Life Res. (1997) 7:75–83. doi: 10.1023/A:1008841022998

https://doi.org/10.3389/fnut.2023.1294089
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1294089/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1294089/full#supplementary-material
https://doi.org/10.1007/s10803-016-2723-7
https://doi.org/10.1007/s10803-016-2723-7
https://doi.org/10.1146/annurev.publhealth.28.021406.144007
https://doi.org/10.1016/j.gde.2012.03.002
https://doi.org/10.1038/nrg3585
https://doi.org/10.1038/nrg3585
https://doi.org/10.1016/j.bbi.2012.01.011
https://doi.org/10.1007/s10567-012-0119-6
https://doi.org/10.1038/s41598-019-42183-0
https://doi.org/10.4103/IJPSYM.IJPSYM_272_17
https://doi.org/10.1016/j.cpr.2017.01.006
https://doi.org/10.1371/journal.pone.0202071
https://doi.org/10.1371/journal.pone.0202071
https://doi.org/10.4103/IJPSYM.IJPSYM_154_18
https://doi.org/10.1016/j.jnrt.2023.100068
https://doi.org/10.1016/j.jnrt.2023.100068
https://doi.org/10.3390/nu9091021
https://doi.org/10.1016/j.jsps.2012.10.001
https://doi.org/10.1093/nutrit/nuz080
https://doi.org/10.3390/nu15061415
https://doi.org/10.1016/j.pnpbp.2020.110187
https://doi.org/10.1016/j.pnpbp.2020.110187
https://doi.org/10.3390/medicina55050129
https://doi.org/10.1186/s13229-022-00488-4
https://doi.org/10.1186/s13229-022-00488-4
https://doi.org/10.1099/jmm.0.001510
https://doi.org/10.1002/aur.2560
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/j.rasd.2019.02.001
https://doi.org/10.1007/s10803-006-0141-y
https://doi.org/10.1007/s10803-006-0141-y
https://doi.org/10.1002/aur.2496
https://doi.org/10.1007/BF02408436
https://doi.org/10.1097/00004703-200604002-00007
https://doi.org/10.1007/s10803-006-0213-z
https://doi.org/10.18772/22013015782
https://doi.org/10.3389/fpsyg.2023.1170303
https://doi.org/10.1023/A:1008841022998


Rahim et al. 10.3389/fnut.2023.1294089

Frontiers in Nutrition 13 frontiersin.org

 38. Roqué M, Martínez-García L, Solà I, Alonso-Coello P, Bonfill X, Zamora J. Toolkit 
of methodological resources to conduct systematic reviews. F1000Res. (2020) 9:82. doi: 
10.12688/f1000research.22032.2

 39. Billeci L, Callara AL, Guiducci L, Prosperi M, Morales MA, Calderoni S, et al. A 
randomized controlled trial into the effects of probiotics on electroencephalography in 
preschoolers with autism. Autism. (2023) 27:117–32. doi: 10.1177/13623613221082710

 40. Schmitt LM, Smith EG, Pedapati EV, Horn PS, Will M, Lamy M, et al. Results of a 
phase Ib study of SB-121, an investigational probiotic formulation, a randomized 
controlled trial in participants with autism spectrum disorder. Sci Rep. (2023) 13:5192. 
doi: 10.1038/s41598-023-30909-0

 41. The efficacy of the multistrain probiotic, Vivomixx, on behaviour and gastrointestinal 
symptoms in children with autism Spectrum disorder (ASD). Available at: https://
clinicaltrials.gov/ct2/show/results/NCT03369431 (Accessed March 17, 2023).

 42. Kong XJ, Liu J, Liu K, Koh M, Sherman H, Liu S, et al. Probiotic and oxytocin 
combination therapy in patients with autism spectrum disorder: a randomized, double-
blinded, placebo-controlled pilot trial. Nutrients. (2021) 13:51552. doi: 10.3390/nu13051552

 43. Li YQ, Sun YH, Liang YP, Zhou F, Yang J, Jin SL. Effect of probiotics combined with 
applied behavior analysis in the treatment of children with autism spectrum disorder: a 
prospective randomized controlled trial. Zhongguo Dang Dai Er Ke Za Zhi. (2021) 
23:1103–10. doi: 10.7499/j.issn.1008-8830.2108085

 44. Santocchi E, Guiducci L, Prosperi M, Calderoni S, Gaggini M, Apicella F, et al. 
Effects of probiotic supplementation on gastrointestinal, sensory and core symptoms in 
autism spectrum disorders: a randomized controlled trial. Front Psych. (2020) 11:550593. 
doi: 10.3389/fpsyt.2020.550593

 45. Wang Y, Li N, Yang JJ, Zhao DM, Chen B, Zhang GQ, et al. Probiotics and fructo-
oligosaccharide intervention modulate the microbiota-gut brain axis to improve autism 
spectrum reducing also the hyper-serotonergic state and the dopamine metabolism 
disorder. Pharmacol Res. (2020) 157:104784. doi: 10.1016/j.phrs.2020.104784

 46. Ei-Alfy M, Youssef A. Sabrey R: a study on effect of probiotic supplementation on 
gastrointestinal symptoms, cognition and behavior in Egyptian children with autism 
spectrum disorder. Egypt J Paediatr. (2019) 36:327–37. doi: 10.12816/0054704

 47. Arnold LE, Luna RA, Williams K, Chan J, Parker RA, Wu Q, et al. Probiotics for 
gastrointestinal symptoms and quality of life in autism: a placebo-controlled pilot trial. 
J Child Adolesc Psychopharmacol. (2019) 29:659–69. doi: 10.1089/cap.2018.0156

 48. Liu YW, Liong MT, Chung YE, Huang HY, Peng WS, Cheng YF, et al. Effects of 
Lactobacillus plantarum PS128 on children with autism spectrum disorder in Taiwan: a 
randomized, double-blind, placebo-controlled trial. Nutrients. (2019) 11:820. doi: 
10.3390/nu11040820

 49. Niu M, Li Q, Zhang J, Wen F, Dang W, Duan G, et al. Characterization of intestinal 
microbiota and probiotics treatment in children with autism spectrum disorders in 
China. Front Neurol. (2019) 10:1084. doi: 10.3389/fneur.2019.01084

 50. Sanctuary MR, Kain JN, Chen SY, Kalanetra K, Lemay DG, Rose DR, et al. Pilot 
study of probiotic/colostrum supplementation on gut function in children with autism 
and gastrointestinal symptoms. PLoS One. (2019) 14:e0210064. doi: 10.1371/journal.
pone.0210064

 51. Grimaldi R, Gibson GR, Vulevic J, Giallourou N, Castro-Mejía JL, Hansen LH, 
et al. A prebiotic intervention study in children with autism spectrum disorders (ASDs). 
Microbiome. (2018) 6:133. doi: 10.1186/s40168-018-0523-3

 52. Kang DW, Adams JB, Gregory AC, Borody T, Chittick L, Fasano A, et al. 
Microbiota transfer therapy alters gut ecosystem and improves gastrointestinal and 

autism symptoms: an open-label study. Microbiome. (2017) 5:10. doi: 10.1186/
s40168-016-0225-7

 53. Kałużna-Czaplińska J, Błaszczyk S. The level of arabinitol in autistic children after 
probiotic therapy. Nutrition. (2012) 28:124–6. doi: 10.1016/j.nut.2011.08.002

 54. Parracho HM, Gibson GR, Knott F, Bosscher D, Kleerebezem M, McCartney AL. 
A double-blind, placebo-controlled, crossover-designed probiotic feeding study in 
children diagnosed with autistic spectrum disorders. Int J Probiot Prebiot. (2010) 5:69.

 55. Skott E, Yang LL, Stiernborg M, Söderström Å, Rűegg J, Schalling M, et al. Effects 
of a synbiotic on symptoms, and daily functioning in attention deficit hyperactivity 
disorder – a double-blind randomized controlled trial. Brain Behav Immun. (2020) 
89:9–19. doi: 10.1016/j.bbi.2020.05.056

 56. Yang LL, Stiernborg M, Skott E, Xu J, Wu Y, Landberg R, et al. Effects of a synbiotic 
on plasma immune activity markers and short-chain fatty acids in children and adults 
with adhd – a randomized controlled trial. Nutrients. (2023) 15:1293. doi: 10.3390/
nu15051293

 57. Lazzaro BP, Little TJ. Immunity in a variable world. Philos Trans R Soc Lond B. 
(2009) 364:15–26. doi: 10.1098/rstb.2008.0141

 58. Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immunity in 
health and disease. Cell Res. (2020) 30:492–506. doi: 10.1038/s41422-020-0332-7

 59. Hens K, Peeters H, Dierickx K. Shooting a moving target. Researching autism 
genes: an interview study with professionals. Eur J Med Genet. (2016) 59:32–8. doi: 
10.1016/j.ejmg.2015.12.009

 60. Tallon-Baudry C. Oscillatory synchrony and human visual cognition. J Physiol 
Paris. (2003) 97:355–63. doi: 10.1016/j.jphysparis.2003.09.009

 61. Vidal JR, Chaumon M, O’Regan JK, Tallon-Baudry C. Visual grouping and the 
focusing of attention induce gamma-band oscillations at different frequencies in human 
magnetoencephalogram signals. J Cogn Neurosci. (2006) 18:1850–62. doi: 10.1162/
jocn.2006.18.11.1850

 62. Nicotera AG, Hagerman RJ, Catania MV, Buono S, Di Nuovo S, Liprino EM, et al. 
EEG abnormalities as a neurophysiological biomarker of severity in autism spectrum 
disorder: a pilot cohort study. J Autism Dev Disord. (2019) 49:2337–47. doi: 10.1007/
s10803-019-03908-2

 63. Precenzano F, Parisi L, Lanzara V, Vetri L, Operto FF, Pastorino GMG, et al. 
Electroencephalographic abnormalities in autism spectrum disorder: characteristics and 
therapeutic implications. Medicina (Kaunas). (2020) 56:419. doi: 10.3390/
medicina56090419

 64. Wang J, Barstein J, Ethridge LE, Mosconi MW, Takarae Y, Sweeney JA. Resting state 
EEG abnormalities in autism spectrum disorders. J Neurodev Disorders. (2013) 5:24. doi: 
10.1186/1866-1955-5-24

 65. Chan AS, Leung WW. Differentiating autistic children with quantitative 
encephalography: a 3-month longitudinal study. J Child Neurol. (2006) 21:391–9. doi: 
10.1177/08830738060210050501

 66. Xie J, Huang L, Li X, Li H, Zhou Y, Zhu H, et al. Immunological cytokine profiling 
identifies TNF-α as a key molecule dysregulated in autistic children. Oncotarget. (2017) 
8:82390–8. doi: 10.18632/oncotarget.19326

 67. Liu Y, Zhou LJ, Wang J, Li D, Ren WJ, Peng J, et al. TNF-α differentially regulates 
synaptic plasticity in the hippocampus and spinal cord by microglia-dependent 
mechanisms after peripheral nerve injury. J Neurosci. (2017) 37:871–81. doi: 10.1523/
JNEUROSCI.2235-16.2016

https://doi.org/10.3389/fnut.2023.1294089
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.12688/f1000research.22032.2
https://doi.org/10.1177/13623613221082710
https://doi.org/10.1038/s41598-023-30909-0
https://clinicaltrials.gov/ct2/show/results/NCT03369431
https://clinicaltrials.gov/ct2/show/results/NCT03369431
https://doi.org/10.3390/nu13051552
https://doi.org/10.7499/j.issn.1008-8830.2108085
https://doi.org/10.3389/fpsyt.2020.550593
https://doi.org/10.1016/j.phrs.2020.104784
https://doi.org/10.12816/0054704
https://doi.org/10.1089/cap.2018.0156
https://doi.org/10.3390/nu11040820
https://doi.org/10.3389/fneur.2019.01084
https://doi.org/10.1371/journal.pone.0210064
https://doi.org/10.1371/journal.pone.0210064
https://doi.org/10.1186/s40168-018-0523-3
https://doi.org/10.1186/s40168-016-0225-7
https://doi.org/10.1186/s40168-016-0225-7
https://doi.org/10.1016/j.nut.2011.08.002
https://doi.org/10.1016/j.bbi.2020.05.056
https://doi.org/10.3390/nu15051293
https://doi.org/10.3390/nu15051293
https://doi.org/10.1098/rstb.2008.0141
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.1016/j.ejmg.2015.12.009
https://doi.org/10.1016/j.jphysparis.2003.09.009
https://doi.org/10.1162/jocn.2006.18.11.1850
https://doi.org/10.1162/jocn.2006.18.11.1850
https://doi.org/10.1007/s10803-019-03908-2
https://doi.org/10.1007/s10803-019-03908-2
https://doi.org/10.3390/medicina56090419
https://doi.org/10.3390/medicina56090419
https://doi.org/10.1186/1866-1955-5-24
https://doi.org/10.1177/08830738060210050501
https://doi.org/10.18632/oncotarget.19326
https://doi.org/10.1523/JNEUROSCI.2235-16.2016
https://doi.org/10.1523/JNEUROSCI.2235-16.2016

	Probiotics, prebiotics, and synbiotics for patients with autism spectrum disorder: a meta-analysis and umbrella review
	Introduction
	Methods
	Search strategy
	Study selection
	Gastrointestinal and autism-related symptoms
	Data extraction
	Study quality assessment
	Umbrella review
	Data analysis

	Results
	Features shared by included studies
	Evaluation of bias and quality in individual study assessments
	Primary outcome evaluation of probiotic, prebiotic, and synbiotic effects on autism spectrum disorder-related behavioral symptoms
	Assessing secondary outcomes: effects of probiotics, prebiotics, and synbiotics on EEG, and biochemical and clinical parameters
	Subgroup analyses
	Analyzing the impact of publication bias and variables
	Harmlessness
	Umbrella review
	Risk of bias in included systematic reviews

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions

	References

