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as a modulator of symptom
expression in autism spectrum
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from a structured narrative
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Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder
(ADHD) are increasingly conceptualized as multisystem neurodevelopmental
conditions involving behavioral, gastrointestinal, immune, and metabolic
alterations. The microbiota—gut—brain axis (MGBA) has been proposed as a key
framework linking these systems, although evidence from human studies
remains heterogeneous and inconclusive. We conducted a structured narrative
review of pediatric human studies investigating the microbiota-gut-brain axis
(MGBA) in ASD and ADHD, excluding preclinical and animal studies. PRISMA
2020 principles were used as a transparency framework to support reporting of
study identification, screening, and eligibility. Observational, cohort, and
interventional studies were synthesized with particular attention to study design,
methodology, associations with standardized clinical scales, dietary factors, and
therapeutic implications. Across ASD (n =90), most studies were observational,
predominantly cross-sectional or case-control in designs, reporting consistent
associations between ASD symptom severity and gastrointestinal symptoms,
intestinal permeability, immune activation, and dietary selectivity. Evidence in
ADHD (n=21) was substantially more limited and largely observational. Diet
emerged as a major modulating and confounding factor in microbiota—behavior
associations. Interventional studies involving probiotics, microbiota transfer
therapy, and other gut-directed approaches showed more consistent improved
gastrointestinal outcomes but showed modest and heterogeneous effects on
core ASD symptoms, often limited to subgroups with prominent gastrointestinal
comorbidities. To strengthen interpretation of interventional findings,
randomized trial reports and non-randomized interventional studies were
appraised according to study design, whereas the predominantly heterogeneous
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observational literature was interpreted narratively. Overall, this review suggests that
MGBA alterations may be better conceptualized as modifiers of symptom
expression, particularly in ASD and with only emerging relevance in ADHD, rather
than as disorder-specific causal mechanisms. This interpretation underscores the
need for stratified, longitudinal, and clinically informed research frameworks, in
line with the focus of the present research topic.
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Introduction
Autism  spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD) are two clinically relevant

neurodevelopmental disorders with partially overlapping features
that may be particularly informative for microbiota-gut-brain-axis
(MGBA) research. ASD and ADHD share several transdiagnostic
dimensions potentially relevant to gut-brain mechanisms, including
behavioral and emotional dysregulation and altered
responsivity (1-3). In addition to core behavioral symptoms, both
ASD and ADHD are frequently associated with gastrointestinal

stress

disturbances, immune dysregulation, metabolic alterations, and
atypical dietary patterns, suggesting the involvement of systemic
biological pathways interacting with neurodevelopment (4, 5).
Moreover, both conditions have been associated with alterations in
systems,  particularly  serotonergic  and
dopaminergic pathways, which may be influenced by gut microbial

neurotransmitter

signalling through neural, endocrine, immune, and metabolic routes
(6, 7). Within this framework, ASD and ADHD can be viewed as
complementary neurodevelopmental models through which to
explore whether MGBA-related alterations primarily modulate
symptom expression across neurodevelopmental phenotypes, rather
than representing disorder-specific causal signatures.

Over the past decade, the microbiota—gut-brain axis (MGBA)
has emerged as a key conceptual framework linking intestinal
microbial communities with neural development, immune
signaling, and behavior through bidirectional communication
pathways involving neural, endocrine, and immune mechanisms
(8, 9). Human studies in ASD have reported alterations in gut
microbiota composition compared with neurotypical controls;
however, findings remain heterogeneous and no reproducible,
ASD-specific microbial signature has been consistently identified
across cohorts (10, 11).

Importantly, gastrointestinal symptoms and dietary selectivity
are highly prevalent in children with ASD and may strongly
influence observed microbiota profiles, raising questions about the
directionality and clinical significance of microbiota-behavior
associations (12, 13). Similar but far more limited evidence exists
for ADHD, where available studies suggest potential MGBA
involvement, but they are characterized by small sample sizes and
predominantly observational designs (14, 15).

Beyond postnatal factors, emerging evidence implicates
immune mechanisms, including maternal immune activation and
immune dysregulation in affected children, as contributors to
altered neurodevelopmental trajectories that may interact with gut
microbiota composition and function (16, 17). Collectively, these
observations support the view that MGBA-related alterations may
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act as modulatory factors influencing symptom expression, rather
than as primary disorder-specific causal mechanisms.

Based on this rationale, we conducted a structured narrative
review of the pediatric human literature on the microbiota—gut—
brain axis in ASD and ADHD. The primary aim of the present
structured narrative review is to explore clinically relevant pediatric
human studies investigating the microbiota—gut—brain axis in ASD
and ADHD. Specifically, this review aims to: (i) describe the design
of available study; (ii) summarize the available evidence on the
associations between microbiota-related findings, gastrointestinal
symptoms, dietary patterns, and standardized clinical scales; and
(iii) discuss the potential therapeutic implications of microbiota-
and diet-targeted interventions in relation to both gastrointestinal
outcomes, core neurodevelopmental symptoms, and the available
evidence on these associations.

Methods
Search strategy and study selection criteria

This manuscript was designed as a structured narrative review,
and PRISMA 2020 principles were used solely to enhance
transparency in the reporting study identification and selection,
without implying a formal systematic review methodology (18).
The literature search was designed to identify clinically relevant
pediatric human studies investigating the MGBA in individuals
diagnosed with ASD and ADHD, in order to support a focused
and transparent narrative synthesis. Studies published between
2015 and 2025 were considered in order to capture the most
recent decade of research, reflecting the rapid expansion of
microbiome—gut-brain axis studies following the widespread
adoption of next-generation sequencing technologies and the
consolidation of diagnostic criteria after the introduction of DSM-
5. Relevant studies were identified through searches in PubMed/
MEDLINE, Web of Science, and PsycINFO using combinations of
free-text terms and Medical Subject Headings (MeSH), including,
“autism spectrum disorder,” “ASD,” “attention-deficit/hyperactivity
disorder,” “ADHD,” “gut microbiota,” “
gut-brain axis,” “gastrointestinal symptoms,” and “diet.”

» «

microbiome,” “microbiota—

Studies were included if they: (i) involved human participants
aged 0-18 years with a diagnosis of ASD or ADHD; (ii) investigated
gut microbiota composition, MGBA-related mechanisms, and/or
microbiota-targeted interventions; and (iii) were original research
articles employing observational or interventional designs, including
cross-sectional, case—control, and cohort study,, as well as open-
label or randomised control trials (RCTs).
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Preclinical and animal studies were intentionally excluded
because the primary aim of this review was rather to synthesize
clinically relevant human evidence on how MGBA-related
alterations may be associated with symptom expression and
treatment response in pediatric population with ASD and
ADHD conditions. Given the substantial translational gap
between preclinical findings and clinically observable
neurodevelopmental phenotypes, restricting the evidence base to
pediatric human studies was considered necessary to preserve
the clinical applicability and interpretive consistency of the review.

To ensure clinical relevance and consistency of interpretation,
adult-only samples and non-English publications were explicitly
excluded. Narrative reviews, systematic reviews, and meta-
along with  conference abstracts, editorials,

commentaries, letters to the editor, case reports, and studies

analyses,

lacking original data, were excluded to maintain the focus on
primary pediatric human data.

Since this paper is a narrative review rather than a systematic
one, the final selection of articles was guided by the authors’
qualitative judgment of relevance and methodological robustness
of the studies. Given the narrative nature of this review and its
aim to provide a qualitative and conceptually driven synthesis of
the literature, a formal risk of bias or quality assessment of
individual studies was not performed (130).

Results

A total of 412 records published between 2015 and 2025 were
identified through the databases search. After removal of 96
duplicate records, 316 articles remained and were screened at the
title and abstract level. During this phase, records were excluded
at the title and abstract screening stage (n=137) for the following
reasons: studies addressing neurological or psychiatric conditions
other than ASD or ADHD; articles focusing on peripheral
microbiota without reference to gut-brain interactions; studies not
involving pediatric populations; and publications that were
reviews, commentaries, opinion pieces, or conference abstracts
lacking original data. Full texts of 179 articles were subsequently
assessed for eligibility. Of these, 70 studies were excluded for the
following reasons: (i) systematic review and meta-analyses (n = 33),
to avoid the risk of duplication data; (i) single case report (1); (iii)
studies not reporting a clear outcome on gut-brain axis (n=9);
(iv) preclinical or animal studies (n=13); (v) protocol papers,
conference abstracts, editorials, commentaries and studies without
original data (n=11); and (vi) studies not involving pediatric
populations (n=3), in line with the predefined inclusion criteria.
Following full-text screening, 109 studies met all inclusion criteria
and were included in the qualitative synthesis (Figure 1).

Study characteristics and distribution by
diagnostic group

Among the included studies, 90 focused on individuals with
ASD and 21 on individual with ADHD. Two studies were
counted in both the ASD and ADHD groups because they
included mixed clinical samples comprising participants with
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both diagnoses and therefore contributed data relevant to both
diagnostic categories.

Supplementary Table 1 (4, 5, 11-13, 19-103) and
Supplementary Table 2 (14, 15, 63, 77, 104-120) summarize the
characteristics of the ASD and ADHD studies, respectively. Across
both diagnostic groups, the evidence base was predominantly
observational, with most studies adopting cross-sectional or case-
control designs, whereas interventional studies represented a
substantially smaller and methodologically more heterogeneous
subset. The temporal distribution of publications showed a clear
increase in the number of ASD-related studies over the last
decade, ADHD-focused
comparatively sparse throughout the entire study period.

whereas investigations  remained

Study design distribution

Of the 109 included studies, 89 (81.65%) employed
observational designs, including cohort, case-control or cross-
sectional design, whereas 20 (18.35%) were interventional
reports. Because several interventional publications represented
secondary analyses of previously reported randomized trial
datasets rather than independent trials, intervention-related
study designs were further classified to distinguish unique
randomized controlled trials (RCTs) from secondary analytical
reports and other non-randomized interventional studies.
Accordingly, the interventional literature comprised 3 unique
RCTs, 6 secondary analyses derived from randomized trial
datasets, and 11 study. This
distribution confirms that the evidence base was predominantly
while the

limited and methodologically heterogeneous, particularly about

open-label interventional

observational, interventional literature remained
the distinction between unique randomized trials, secondary
analytical reports, and exploratory open-label studies. Two
studies included both ASD and ADHD populations and were
therefore relevant to both diagnostic groups, while being
counted once in the total number of included studies.

Among the 90 ASD studies, 78 were observational and 12 were
interventional. Cross-sectional studies (n=68) were the most
frequent, followed by case-control studies (n=9). Interventional
in ASD included both

randomized designs, specifically 2 randomized secondary reports

evidence randomized and non-
derived from previously reported trial dataset and 10 open-label

studies, 4 of which were explicitly described as pilot

investigations; 1 of the open-label reports represented a
secondary analysis of a previously reported dataset. Specifically,
most cross-sectional and case—control studies compared children
with ASD with neurotypical or sibling controls, whereas
retrospective studies relied on previously collected biological
samples, clinical charts, or registry-based datasets.

Among the 21 ADHD studies, the majority were observational
studies (n=13), whereas 8 were interventional, comprising 3
unique RCTs, 4 secondary analyses derived from previously
reported randomised trial datasets, and 1 open-label study.
Although the ADHD evidence base remained numerically
limited overall, it included a proportionally higher share of
interventional reports than the ASD literature; however, several
of these were secondary analyses of previously reported
randomized trial datasets rather than independent trials.
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Identification of studies via databases and registers
)
Records removed before
c screening:
2 Duplicate records removed
® Records identified from*: P
3 ' (n = 96)
= Databases (n = 412) —> L
= ) _ Records marked as ineligible
c Registers (n = 0) ; ~
K by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
4 N\ "
Records screened » | Records excluded*™*
(n = 316) (n=137)
A4
Reports sought for retrieval Reports not retrieved
g? (n=179) . (n=0)
c
()
()
3
) \4
R Reports excluded (n = 70):
Reports assessed for eligibility | Systematic reviews and meta-analyses (n
(n = 179) = 33)
Single case control study (n = 1)
No MGBA-related outcomes assessed (9)
Preclinical/animal studies (n = 13)
Protocol papers, conference abstracts,
editorials, commentaries and studies
without original data (n = 11)
Studies not involving pediatric populations
S Studies included in review (n=3)
2 (n=109) .
% Reports of included studies
2 (n = 109)
ASD =90 | ADHD = 21
FIGURE 1
PRISMA 2020 flow diagram of the study selection process. The diagram illustrates the selection workflow from the initial search to the final inclusion
A total of 412 initial records were identified from databases (2015-2025). After the removal of 96 duplicates, 316 articles were screened, leading to the
exclusion of 137 records due to a lack of relevance (e.g., conditions other than ASD or ADHD, lack of original data, non-pediatric populations). Of the
179 articles assessed in full text, 70 were excluded for specific reasons; systematic reviews/meta-analyses (n = 33), preclinical/animal studies (n = 13),
protocol papers or editorials (n = 11), absence of outcomes related to the microbiodata-gut-brain axis (n = 9), non-pediatric studies (n = 3), and a
single case study (n =1). A total of 109 studies were included in the final review (90 for ASD and 21 for ADHD)
From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffman TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ 2021; 372:n71. doi: 10.1136/bmj.n71
For more information, visit http://www.prisma-statement.org/

Methodological approaches across studies

Across both ASD and ADHD studies, case definitions were
heterogeneous, and diagnostic ascertainment procedures was not
uniformly described across cohorts. Gut microbiota composition was
most commonly assessed using 16S rRNA gene sequencing, with a
smaller number of studies employing shotgun metagenomic
sequencing to achieve higher taxonomic or functional resolution (5, 13).
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While 16S-based approaches enabled broad characterization
of microbial community structure, the limited taxonomic
targeted  hypervariable

resolution and variability in

regions likely contributed to inconsistent findings
across studies (10). From a clinical perspective, this
methodological ~ heterogeneity  limits the immediate

translatability of specific microbial signatures into diagnostic
or prognostic tools.
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TABLE 1 Characteristics of pediatric human studies investigating microbiota-gut-brain axis-related mechanisms, gastrointestinal features, dietary factors, and intervention outcomes in attention-deficit/hyperactivity disorder.

Citation

(Author, year)

Reference

Study

design

Sample size

DSM and/or
1CD
diagnostical

features

Methodological

approaches across studies

Behavioural

scale

Clinical associations 1nvolving

ADHD symptoms,

gastrointestinal features, and

diet

Interventional
studies and

clinical outcomes

Main findings

(Lactobacillus rhamnosus GG);

Diet: NA

Pirtty et al. (104) RCT - secondary Birth-13 75 (probiotic 40; | ICD10 Randomized early-life NR Early probiotic exposure~ADHD Probiotic Early-life probiotic
(2015) 1038/ analysis placebo 35) probiotic supplementation risk: |; GI features: NA; Diet: NA supplementation 1n supplementation associated with
pr.2015.51 (Lactobacillus rhamnosus GG); Infancy; outcome: lower risk of later ADHD diagnosis
long-term follow-up; later diagnosis of
psychiatric diagnosis 6a 1CD- ADHD or ASD
10
Ozyurt et al. (105) C-CS 7-12 81 (ASD 40; CG DSM-5 serum zonulin (ELISA); DuPaul Zonulin 1 ADHD vs CG; Zonulin— | NA Higher serum zonulin levels in
(2018) 41) DuPaul ADHD Rating Scale; ADHD-RS-1V; | ADHD SS (hyperactivity): 1; ADHD associated with greater
SRS; K-SADS-PL; correlation SRS; K-SADS- Zonulin—SRS: 1; GI features: NA; hyperactivity and social
and linear regression analyses PL Diet: NA dysfunction
Prehn-Kristensen (14) C-CS 7-14 31 (ADHD 14; DSM-IV FSC; 16S rRNA GS; BTA; CBCL; FBB- GMC alpha-diversity | ADHD vs NA Reduced gut microbiome alpha
et al. (2018) CG 17) alpha and beta diversity HKS; WURS- CG; GI features: NA; Diet: NA diversity observed in children with
analyses; differential taxa k; ADHS-SB ADHD compared with controls
analysis
Stevens et al. (106) RCT - secondary 7-12 17 children (10 NR Micronutrient ADHD-RS-1V; | Micronutrients-GMC: # Micronutrient Micronutrient supplementation
(2019) analysis treatment/7 supplementation; FSC CGAS (longitudinal change); supplementation (10 | altered gut microbiome
placebo) (longitudinal); 16S rRNA GS; Micronutrients—ADHD SS: |; Diet weeks); GMC composition during treatment;
BTA; GMC diversity analyses; quality-ADHD SS: @; GI features: modulation during ADHD symptom improvement
ADHD clinical rating scales NA treatment was reported and appeared
independent of overall diet quality.
Fernandez-Lopez (107) Prospective 5-14 179 (ADHD 130; DSM-IV-TR BSC (evening and morning); EDAH; CDI; Indole metabolites~ADHD SS: Methylphenidate ADHD associated with altered
et al. (2020) controlled CG 49) urine collection; LC-MS/MS d2 Test profile alteration; Indole (~4.6 months); diurnal indole tryptophan
observational ADHD sample for indole and tryptophan- metabolites—depressive symptoms normalization of metabolite profiles;
study with size differs derived metabolites; S100B (PHI): 1 baseline, | post-treatment; diurnal indole methylphenidate partially restored
repeated measures between Methods measurement (ELISA); GI features: NA; Diet: NA metabolite profiles; control-like rhythms, especially in
and Tables (107 methylphenidate treatment; S100B diurnal PHI with depressive symptoms
vs 130). factorial ANOVA; subgroup profile modulation
analyses (PAD; PHI)
Kumperscak (108) pilot RCT not 4-17 32 DSM-5 Randomized allocation; ADHD-RS-1V; | ADHD SS post-LGG vs baseline: |; | Lactobacillus LGG supplementation was safe but
et al. (2020) registered probiotic supplementation PedsQL 4.0; LGG vs placebo: @; GI features: NA; | rhamnosus GG did not significantly improve

supplementation; no

(Continued)
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TABLE 1 Continued

Citation

(Author, year)

Reference

Study

design

Age

range

Sample size

DSM and/or
1CD

diagnostical

features

Methodological

approaches across studies

Behavioural

scale

Clinical associations 1nvolving
ADHD symptomes,
gastrointestinal features, and

diet

Interventional
studies and

clinical outcomes

Main findings

and trace elements; clinical

ADHD diagnostic assessment

ADHD Rating Scale; Conners’ | CBCL 6-18; significant benefit vs | ADHD symptoms compared with
Parent Rating Scale; adverse TRF; ASEBA placebo on ADHD placebo
event monitoring core symptoms;
good tolerability
Pan et al. (2020) (109) CS-CO-TWIN 4-17 382 DSM-5 Parent-reported CBCL;ABCL- GI conditions T ADHD vs non- NA ADHD associated with increased
questionnaires; CBCL/ABCL AP; K-SADS- ADHD co-twins; Physical health physical and gastrointestinal health
Attention Problems subscale; PL; DIVA 2.0; problems 1 ADHD vs non-ADHD problems after controlling for
structured physical health ASEBA co-twins; Diet: NA shared genetic and environmental
questionnaires; co-twin control factors
analyses
Jung TH et al. (110) C-CS 11-12 40 (ADHD 7; NR — ADHD 16S rRNA; qPCR; GC-MS K-ARS Rating | Processed food diet T ADHD score; | NA Processed food dietary pattern
(2022) CG 33) defined by (SCFA); BTA Scale (ARS)- ADHD group: | a-diversity; T associated with GMC dysbiosis and
K-ARS (scale- VI Enterobacter, 1 Escherichia; | | SCFA; ADHD symptoms
based) Bifidobacterium, | correlated with altered GMC and |
Faecalibacterium, | Ruminococcus; diversity.
| acetate, | butyrate
Lee (2022) (111) C-CS 6-18 76 (ADHD 54; DSM-5 16S rRNA; OTU (97%); SNAP-1V; a-diversity @; p-diversity # NA ADHD associated with altered
CG 22) UniFrac; LEfSe; BTA; QIIME CBCL (UniFrac, p <0.001); ADHD: 1 GMC (B-diversity #, a-diversity
Proteobacteria; 1 Agathobacter; 1 ). Specific genera (Agathobacter,
Ruminococcus_gnavus_group; CG: Ruminococcus_gnavus_group)
1 Alistipes; 1 Rikenellaceae; GMC associated with emotional—
< SNAP-IV @; Agathobacter 1 < behavioral symptoms independent
Withdrawn/Depressed (CBCL); of core ADHD severity.
Ruminococcus_gnavus_group 1 <
Externalizing (CBCL).
Perham et al. (112) EXPLORATORY- 7-12 107 (55 ADHD; NR Hair sample collection; ADHD-RS-1V; | Hair elemental profiles # ADHD vs | NA Altered hair elemental balance
(2022) CC 52 CG) elemental analysis of metals KSADS-PL CG; GI features: NA; Diet: NA observed in children with ADHD

compared with controls

(Continued)
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TABLE 1 Continued

Citation

(Author, year)

Reference

Study

design

Sample size

DSM and/or
1CD

diagnostical

Methodological

approaches across studies

Behavioural

scale

Clinical associations 1nvolving
ADHD symptomes,

gastrointestinal features, and

Interventional
studies and

clinical outcomes

Main findings

features diet
Yang et al. (2022) (113) C-CS children: 269 (ADHD 233; | ICD10 ICD-10 ADHD diagnosis NR Plasma SCFA | ADHD vs CG NA People with ADHD showed
5-17 GC 36) (F90); plasma SCFA (adults); Plasma SCFA-antibiotic reduced plasma SCFA levels, partly
years; quantification (LC-MS); exposure: |; Plasma SCFA-ADHD related to antibiotic exposure and
adults up antibiotic exposure history; SS: @; Plasma SCFA—dietary PC2 dietary patterns, with no
to 55 ADHD medication data; BMI; (acetic acid): 1; GI features: @; Diet: association with ADHD symptom
years serum vitamin D; dietary FFQ assoc (PC-specific) severity.
with PCA; correlation and
multivariable regression
analyses
Elhossiny et al. (114) RCT 6-16 80 (INT 40; CG DSM-5 Computer-based CPRS-R; ADHD | (INT vs CG); GI: NA; Probiotic: Significant ADHD | (CPRS-R,
(2023) 40); Aalyzed 76 randomization; assessor- CBCL 6-18 diet: NA; GMC: hypothesized (GBA | Lactobacillus CBCL); sustained attention 1; EF 1
(INT 36; CG 40) blinded; INT rationale) acidophilus partial; adverse events @ relevant;
(probiotic + atomoxetine) vs LB + atomoxetine — GI NA
CG (atomoxetine); baseline ADHD |; focused
and follow-up attention 1 (CPT);
EF 1 partial
(WCST);
impulsivity: NSA
Kurokawa et al. (63) C-CS 6-12 n 98 (ASD 18; DSM-5 FSC; 16S rRNA GS; BTA; Conners-3; Dietary diversity | ADHD vs CG: 1; | NA Lower dietary diversity was
(2024) ADHD 19; GMG; alpha diversity (Chaol, SSP GMC alpha-diversity | ADHD vs associated with reduced gut
ASD + ADHD Shannon, Faith’s PD); dietary CG: 1; Dietary diversity-GMC: 1; microbial diversity in children with
20; Siblings 13; questionnaire; GSS; ADOS-2; GI features (GSRS): NA; Diet— ADHD and other
Unrelated CARS ADHD SS: NA neurodevelopmental conditions
control 28)
Petropoulos et al. (77) C-CS 4-12 n 120 (ASD 40; DSM-5 Hair elemental analysis; CBCL FGIDs 1 ADHD vs CG; Biological NA ADHD associated with increased
(2024) ADHD 40; CG salivary cortisol; functional GI profiles (hair elements, cortisol) # functional gastrointestinal
40) symptom questionnaire; group ADHD vs CG; Diet: NA symptom burden and distinct
comparisons biological profiles compared with
controls
Robinette et al. (115) RCT - secondary 6-12 124 DSM-5 Randomized multinutrient CGI-S; CGI-I; | Multinutrients—~ADHD SS: |; Diet Broad-spectrum Multinutrient supplementation
(2024) analysis (multinutrients supplementation; clinician- CASI-5 quality-ADHD SS: @; Vegetable multinutrient improved ADHD clinical outcomes
69; placebo 55) rated CGI-I; CGI-S; dietary supplementation independent of overall diet quality
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TABLE 1 Continued

Citation

(Author, year)

Reference

Study

design

Sample size

DSM and/or
1CD

diagnostical

features

Methodological

approaches across studies

assessment (Healthy Eating

Index-2015); moderator

Behavioural

scale

Clinical associations 1nvolving
ADHD symptomes,
gastrointestinal features, and
diet

intake—treatment response: 1; GI

features: NA

Interventional
studies and

clinical outcomes

(8 weeks); higher
CGI-I/CGI-S

Main findings

tyrosine-, and L-dopa—
derived); urinary heavy metals
(As, Cd, Pb, Hg); urinary
catecholamines (NA/A ratio);

parent- and teacher-reported

dysfunction—metabolites: 1; GI

features: NA; Diet: NA

analyses improvement vs
placebo
Steckler (2024) (117) C-CS 6-18 73 (ADHD 42; DSM-5 16S rRNA; QIIME2; LEfSe; NA a-diversity | (Shannon; Faith PD; NA ADHD associated with GMC
CG 31) GC-MS (SCFA); BTA Observed species); B-diversity NSA dysbiosis (| a-diversity) and |
(trend Weighted UniFrac); ADHD: SCFA levels, suggesting altered
1 Blautia; 1 Lachnospiraceae; CG: 1 microbial-metabolic profile within
Verrucomicrobia; 7 Akkermansia; 1 MGBA.
Ruminococcaceae; SCFA: | acetate;
| propionate; | isobutyrate; |
isovalerate; | valerate; butyrate NSA
Ast (2025) (116) RCT - secondary 6-12 44 DSM-5 16S rRNA; QIIME2; ASV; CASI-5; CGI- Baseline GMC # responders vs Micronutrient Micronutrient treatment
analysis LEfSe; BTA S; CGI-I non-responders; Treatment- treatment vs placebo | modulates GMC; baseline
associated GMC shifts; No (8 weeks); Clinical microbial profile associated with
consistent baseline a-diversity improvement treatment response in ADHD.
differences” associated with
specific GMC
signatures
Boonchooduang (15) CS 6-12 25 ADHD (NO DSM-5 Clinical ADHD diagnosis; SNAP-1V; Fecal SCFA-ADHD SS: #; Fecal NA Altered fecal SCFA profiles
et al. (2025) CG) sleep questionnaires; FSC; fecal | CSHQ SCFA-sleep disturbances: 1; GI associated with greater ADHD
SCFA quantification; features: NA; Diet: NA symptom severity and sleep
microbiota-derived metabolite disturbances
analysis
Krajewski et al. (118) COH-P 8.9-10.0 87 NR Urine collection; LC-MS/MS FBB-ADHS; Microbiome-associated NA Higher urinary microbiome-
(2025) for microbiome-associated BRIEF; LSL; metabolites—FADHD SS: 1; NA/A associated metabolites and altered
metabolites (phenylalanine-, SDQ ratio~ADHD SS: 1; Executive catecholamine ratios associated

with worse executive functioning,
higher ADHD symptoms, and

reduced social behavior
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TABLE 1 Continued

Citation

(Author, year)

Reference

Study

design

Sample size

DSM and/or
1CD
diagnostical

features

Methodological

approaches across studies

questionnaires; correlation and

path analysis

Behavioural

scale

Clinical associations 1nvolving

ADHD symptomes,

gastrointestinal features, and

diet

Interventional
studies and

clinical outcomes

Main findings

Lawrence et al. (119) RCT 8-13 53 ADHD (NO DSM-1V/ Randomized allocation; SWAN; Go/ Kefir-sleep outcomes: 1; Kefir— Kefir Fermented dairy intervention
(2025) CG) DSM-5 fermented dairy (kefir) NoGo task ADHD SS: exploratory; GMC supplementation; modulated gut microbiota and
intervention; parent-reported changes post-intervention: 1; GI improvement in improved sleep outcomes in
ADHD rating scales; sleep features: NA; Diet: intervention sleep-related children with ADHD; effects on
questionnaires; FSC; gut only outcomes; core ADHD symptoms were
microbiota sequencing-based microbiota exploratory
analysis modulation; ADHD
symptom effects
exploratory
Niu et al. (2025) (120) INT-OL single NR 42 ADHD DSM-5 Probiotic supplementation; BRIEF; SNAP- | ProbioticcADHD SS: |; Probiotic- | Probiotic mixture Probiotic supplementation reduced
arm (children) BRIEF-II; SNAP-IV; repeated- | IV executive dysfunction (BRIEF-II): |; | (B. animalis executive dysfunction and ADHD

measures ANOVA; adverse GI features: NA; Diet: NA BLa80 + L. symptom severity over 8 weeks

event monitoring (CTCAE); rhamnosus LRa05, 8
blood biochemistry weeks); BRIEF-II
GEC |; SNAP-IV
Inattention |;
SNAP-IV
Hyperactivity—

Impulsivity |

1, increase/higher; |, decrease/lower; #, different/altered; @, no association; NSA, non-significant (statistically); NA, not assessed; NR, not reported; ASD, autism spectrum disorder; ADHD, attention-deficit/hyperactivity disorder; CG, control group; GI, gastrointestinal;
GSS, gastrointestinal symptoms; ADOS-2, Autism Diagnostic Observation Schedule, Second Edition; CARS, Childhood Autism Rating Scale; SRS, Social Responsiveness Scale; SSP, Short Sensory Profile; TRF, Teacher Report Form; GSRS, Gastrointestinal Symptom
Rating Scale; CSHQ, Children’s Sleep Habits Questionnaire; CGAS, Children’s Global Assessment Scale; BRIEF, Behavior Rating Inventory of Executive Function; BRIEF-II, Behavior Rating Inventory of Executive Function, Second Edition; CGI-S Clinical Global
Impressions—Severity; CGI-I, Clinical Global Impressions-Improvement; SNAP-IV, Swanson, Nolan and Pelham Rating Scale-IV; SDQ, Strengths and Difficulties Questionnaire; LSL, teacher Checklist of Social and Learning Behaviour; PedsQL 4.0, Pediatric
Quality of Life Inventory, Version 4.0; CBCL 6-18, Child Behavior Checklist, Ages 6-18; ABCL-AP, Adult Behavior Checklist-Attention Problems subscale; CASI-5, Child and Adolescent Symptom Inventory—5; ADHD-RS-IV, Attention-Deficit/Hyperactivity
Disorder Rating Scale IV; CPRS-R, Conners’ Parent Rating Scale-Revised; Conners-3 Conners, Third Edition; DIVA 2.0, Diagnostic Interview for ADHD in Adults, Version 2.0; K-SADS-PL/KSADS-PL, Kiddie Schedule for Affective Disorders and
Schizophrenia; ADHS-SB, German ADHD Self-Rating Scale; FBB-ADHS, Foreign Rating Scale for ADHD; FBB-HKS, German teacher-rated ADHD symptom checklist; ARS, ADHD Rating Scale-IV; K-ARS, Korean ADHD Rating Scale; SWAN, Strengths and
Weaknesses of ADHD Symptoms and Normal Behavior Scale; WCST, Wisconsin Card Sorting Test; WURS-k, Wender Utah Rating Scale, German short version; CPT, Continuous Performance Test; CDI, Children’s Depression Inventory; FFQ, Food Frequency
Questionnaire; BMI, body mass index; DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD, International Classification of Diseases; ICD-10, International Classification of Diseases, 10th revision; 16S rRNA, 16S ribosomal RNA gene sequencing;
qPCR, quantitative polymerase chain reaction; GC-MS, gas chromatography—mass spectrometry; QIIME/QIIME2, microbiome bioinformatics pipeline; LEfSe, Linear discriminant analysis Effect Size; UniFrac, unique fraction metric (phylogenetic distance);
Chaol, species richness estimator; PCA, principal component analysis; PD, phylogenetic diversity; BTA, bioinformatic taxonomic analysis; GMC, gut microbiota composition; OTU, operational taxonomic unit; ASV, amplicon sequence variant; COH, cohort
study; COH-P, prospective; CS, cross-sectional study; CC, case—control study; C-CS, comparative cross-sectional study; RCT, randomized controlled trial; INT-OL, open-label interventional study.
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Sample collection procedures, DNA extraction protocols,
sequencing platforms, and bioinformatic pipelines varied
substantially across studies, often without harmonization or
cross-validation (11).

Gastrointestinal symptoms were assessed using parent-
reported questionnaires, structured clinical interviews, or
validated gastrointestinal symptom scales, although the specific
instruments used varied substantially across studies (4, 91). ASD
symptom severity was evaluated using standardized clinical
instruments, most frequently the Childhood Autism Rating Scale
(CARS) (121), Autism Behavior Checklist (ABC) (122), and the
(123), thereby enabling

behavioral

Social Responsiveness Scale (SRS)

correlation  analyses  between severity and
gastrointestinal or microbiota-related variables (4, 5). In ADHD
studies, symptom-related outcomes were more variably
operationalized and often relied on parent- or caregiver-reported
instruments, with fewer studies incorporating structured
multidimensional clinical characterization comparable to that
reported in the ASD literature. However, not all observational
studies included standardized behavioral measures, thereby
limiting the ability to draw clinically meaningful inferences
across the full body of evidence.

Dietary intake and feeding behaviors were assessed in a subset
of studies through food frequency questionnaires, dietary recalls,
or caregiver-reported measures of food selectivity (12, 13). The
inconsistent inclusion and operationalization of dietary variables
represent a critical methodological limitation, given the strong
influence of diet on gut microbiota composition. Clinically, this
highlights the risk of misattributing diet-driven microbial
differences to neurodevelopmental pathology in the absence of

systematic dietary assessment (12).

Methodological appraisal and risk of bias
considerations

Formal methodological appraisal was focused on
interventional studies and is summarized in the Supplementary
Tables. The 9 reports derived from randomized designs
(3 unique RCTs and 6 secondary analyses of previously reported
randomized trial datasets) were appraised using the RoB 2
framework. Overall, 3 of the 9 reports were judged at high risk
of bias, whereas the remaining 6 raised some concerns, with no
randomized report meeting an overall low-risk profile. Across
these studies, the most frequent concerns did not primarily arise
from randomization procedures or deviations from intended
interventions, which were often adequately described, but rather
from missing outcome data, selective reporting, and the
exploratory nature of secondary or post hoc analyses. In
particular, secondary analyses derived from parent RCTs
frequently relied on non-prespecified outcomes, subgroup
analyses, or mechanistic sub studies, limiting their interpretive
weight as independent confirmatory evidence.

The 11 non-randomized open-label interventional studies
were appraised using MINORS, with scores ranging from 8 to
13 out of 16 (median: 11/16), indicating overall moderate
methodological quality consistent with early-phase exploratory
designs. The most recurrent strengths were clearly stated aims,

prospective data collection in most studies, and endpoints
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generally appropriate to the exploratory objectives. However,
common limitations included the absence of blinded outcome
assessment, frequent reliance on parent- or caregiver-reported
measures, small sample sizes, incomplete or >5% loss to follow-
up in several studies, and the absence of prospective sample size
calculation in most reports. Collectively, these findings indicate
that the interventional evidence base is methodologically
informative but remains constrained by exploratory designs,
secondary outcome analyses, and limited protection against
performance, attrition, and reporting bias. Accordingly, findings
from interventional studies were interpreted cautiously and
considered primarily hypothesis-generating, particularly with
regard to behavioral outcomes.

Given the predominance of observational designs in the overall
evidence base (89/109 studies), no formal study-by-study risk-of-
bias tool was applied to the remaining literature because of the
marked heterogeneity in design, biological matrices, sequencing
platforms, phenotypic characterization, and outcome definitions.
Instead, these studies were interpreted through a structured
narrative methodological appraisal. Across the observational
literature, the most consistent limitations were the predominance
of cross-sectional and case—control designs, which precluded
temporal or causal inference; frequent use of relatively small or
uneven samples, despite some larger cohort-based datasets; and
substantial heterogeneity in case definition and diagnostic
ascertainment, which was not uniformly described across cohorts.
Methodologically, most microbiome studies relied on 16S rRNA
sequencing, while a smaller subset used shotgun metagenomics,
metabolomics, or non-fecal biological matrices (e.g., urine,
plasma, saliva, oral samples, or biopsy-based approaches),
resulting in limited comparability across studies. In addition,
sample collection procedures, DNA extraction methods,
sequencing  targets, and bioinformatic pipelines varied
considerably, often without harmonization or cross-validation.

From a clinical interpretive perspective, gastrointestinal
symptoms and dietary variables were not handled consistently
Gastrointestinal features

approaches,

validated symptom scales to parent-reported questionnaires or

across observational studies. were

assessed using heterogeneous ranging from
were not assessed at all, particularly in ADHD studies. Similarly,
dietary intake or food selectivity was systematically examined
only in a subset of studies, whereas in many reports diet was
either not assessed, not reported, or only indirectly described,
despite its likely influence on microbiota-related findings.
Finally, not all observational studies incorporated standardized
neurobehavioral instruments, and several reported biological
group differences without parallel symptom-level correlations,
further limiting the strength and clinical translatability of
repeated associations. Overall, the observational evidence was
therefore interpreted as hypothesis-generating and correlational
rather than confirmatory, and any apparent convergence across
studies was weighed against the recurrent influence of design-
related and measurement-related sources of uncertainty.

Associations between ASD symptoms,
gastrointestinal features, and diet

Among ASD observational studies employing standardized
clinical measures, several reported associations between ASD
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symptom severity and gastrointestinal symptom burden. Higher
scores on the CARS (121) were associated with increased
prevalence and severity of constipation, abdominal pain, and
diarrhea in preschool children with ASD (4). Similarly, studies
using the ABC (122) reported higher behavioral severity scores
in children with ASD presenting with clinically significant
gastrointestinal symptoms compared with those
gastrointestinal involvement (5). These findings support the
of
symptoms in ASD care pathways, as gastrointestinal comorbidity
may identify subgroups with greater overall clinical burden and

without

clinical relevance routinely assessing  gastrointestinal

potentially distinct treatment needs (4, 5).

Biological correlates of gastrointestinal dysfunction were also
associated to ASD symptom severity. Increased serum zonulin
levels, as a marker of intestinal permeability, were positively
correlated with autism severity scores measured using the CARS
(38). Additional studies reported between
inflammatory or immune-related markers and greater ASD

associations

severity, particularly in children with co-occurring gastrointestinal
symptoms (55). From a clinical perspective, these findings suggest
that ASD subgroups characterized by gastrointestinal symptoms
and biomarkers of altered barrier function or inflammation may
warrant more integrated gastroenterological and immunological
assessment, although biomarker-driven stratification requires
validation in prospective studies (38, 55).

Dietary selectivity and restrictive eating patterns were
frequently examined in observational studies. Children with
ASD exhibiting higher degrees of food selectivity showed altered
gut microbiota composition and reduced microbial diversity,
alongside higher ASD symptom severity scores (13). A large
study demonstrated that dietary patterns

significantly mediated associations between ASD diagnosis, gut

multi-omics

microbiota composition, and behavioral traits, with adjustment
for diet attenuating several microbiota—behavior associations
(12). These findings have clinical implications: dietary
assessment should be considered a key component of MGBA-
informed clinical evaluation in ASD, both to reduce nutritional
risk and to support appropriate interpretation of microbiome
findings given that diet may confound or modulate microbiota—
behavior relationships (12, 13).

Collectively, these studies indicate recurrent associations
between gastrointestinal symptoms, dietary patterns, and ASD
related symptom severity when measured using standardized
clinical measures are available; however, the predominantly cross-
sectional nature of most investigations limits causal inference.
Accordingly, any clinical translation should prioritize phenotype-
informed screening (gastrointestinal symptom burden and dietary
selectivity) and prospective evaluation of targeted interventions
rather than universal microbiota-directed treatments (4, 12).

Associations between ADHD symptoms,
gastrointestinal features, and diet

Evidence linking ADHD-related symptoms dimensions to
gastrointestinal features and dietary patterns remained limited
and methodologically heterogeneous. Cross-sectional analyses
reported differences in gut microbial profiles between children
with ADHD and typically developing controls, with some taxa

associated with inattention and hyperactivity scores (14).
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However gastrointestinal symptoms were not systematically
assessed across studies, limiting interpretation of whether these
microbiota findings related to behavioral dimensions of ADHD
or to broader gut-related clinical variability.

A population-based cohort study further examined early-life
exposures relevant to the gut-brain axis, reporting that maternal
and early childhood antibiotic exposure was associated with an
increased risk of ADHD diagnosis in offspring (124). Because
gastrointestinal symptoms and direct microbiota measures were
not assessed, this study should be interpreted as indirect
suggesting  that  microbiota-related
perturbations during critical developmental windows may be

contextual  evidence
relevant to ADHD risk, rather than as direct evidence of
MGBA-related symptom mechanisms

Dietary factors were explicitly addressed in a limited number
of ADHD studies. Exploratory analyses suggest that dietary
patterns and nutrient intake may modulate gut microbiota
composition and may be associated with ADHD-related
behaviors; however, standardized dietary assessments were
inconsistently applied, and findings remained largely descriptive
(15). The absence of systematic dietary control limits the
interpretation of microbiota—behavior associations in ADHD
and underscores the need for integrated dietary assessment in
future studies.

From a clinical perspective, the available evidence raises the
possibility that, similar to ASD, ADHD may encompass
subgroups in which gastrointestinal features or diet-related
factors interact with behavioral symptom expression. However,
the limited number of studies, heterogeneity of methodologies,
and the fact that several interventional reports were secondary
analyses of previously reported randomized trial datasets rather
than independent trials preclude definitive conclusions regarding
clinical screening or microbiota-targeted treatment strategies in
ADHD at present (14, 124).

Interventional studies and clinical
outcomes

Interventional studies included in this review were conducted
in both ASD and ADHD populations and primarily targeted the
gut microbiota through probiotic supplementation, dietary
modification, or fecal microbiota transplantation (FMT).

In the ASD-focused literature,
comprised 12 reports, including2 randomized secondary analysis

interventional evidence
of a previously reported randomized trial dataset) and 10 open-
label studies, 4 of which were explicitly described as pilot
investigations; 1 of the open-label reports represented a
secondary analysis of a previously reported dataset. Across these
ASD interventional studies, , gastrointestinal outcomes were

the most consistently improved domain, with reductions in

constipation, abdominal pain, and overall gastrointestinal
symptom burden (28, 91).

Several studies employing probiotic or gut-directed
interventions reported improvements in  gastrointestinal

symptom scales (51, 73, 85), whereas effects on core ASD
symptoms were less consistent and were generally reported as
secondary outcomes (28, 85). In a prospective study of
chronically constipated children with ASD, gut mobilization was
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associated with both improved bowel function and reductions in
ASD symptom severity scores, alongside modulation of urinary
p-cresol levels, suggesting a link between gastrointestinal
improvement and behavioral outcomes (91). Similarly, pilot
probiotic studies reported modest changes in behavioral
measures, although gastrointestinal outcomes remained the
primary and most robust effects (28).

More invasive microbiota-targeted approaches, such as fecal
microbiota transplantation, were investigated mainly through
trial protocols and early-phase studies (11, 51, 53). Protocol-
based RCTs proposed comprehensive assessment of microbiota
remodeling alongside behavioral and gastrointestinal outcomes
measured using standardized scales including the ABC (122)
and CARS (121), although definitive efficacy data remain limited
at present (125).

Across interventional studies, behavioral improvements were
generally reported as secondary outcomes, were modest in
magnitude, and showed substantial inter-individual variability
(85, 87). Importantly, behavioral benefits were more frequently
observed in subgroups of children presenting with prominent
gastrointestinal symptoms at baseline, suggesting a phenotype-
specific response to microbiota-targeted interventions (28, 91).

In contrast, the ADHD literature on microbiota—gut—brain
but
proportionally more interventional in orientation. Of the 21
ADHD studies included (Supplementary Table 2), 13 were
observational designs (61.90%), whereas 8 were interventional

axis  interactions  remain  comparatively  smaller

reports (38.10%), including 3 original-data RCTs, 4 secondary
analyses of previously reported randomized datasets and 1 open-
label interventional study (4.76%). By comparison, within the
ASD field only 2 out of 90 studies were randomized secondary
reports derived from previously reported randomized trial
datasets (2.22%). Thus, although the ADHD evidence base
numerically overall, it
proportionally higher share of interventional reports than the

remained limited included a
ASD literature; however, several of these represented secondary
analyses rather than independent confirmatory trials.

Observational ADHD  studies predominantly

cross-sectional

employed
comparative or case—control methodologies.
Several investigations reported altered gut microbial community
structure, including reduced alpha diversity in some cohorts and
significant beta-diversity shifts across samples (11, 107, 108, 114).
Specific taxa differences were described—such as increased
Proteobacteria,  Enterobacter,  Escherichia,  Blautia, and
Ruminococcus_gnavus_group, alongside reductions in
Bifidobacterium, Faecali bacterium, and Akkermansia—yet no
reproducible ADHD-specific microbial signature emerged across
studies (107, 108, 114). Metabolic profiling further suggested
alterations in short-chain fatty acids (SCFAs) and microbiome-
associated tryptophan metabolites (12, 104, 110, 114). Reduced
plasma or fecal SCFA concentrations were observed in several
cohorts; however, associations with core ADHD symptom severity
were inconsistent (12, 110). Instead, SCFA alterations were more
robustly linked to sleep disturbances, antibiotic exposure history,
and dietary patterns than to inattentive or hyperactive-impulsive
scores per se (12, 110). Markers of intestinal

permeability and somatic comorbidity were explored in a subset

symptom

of studies (12, 110). Elevated serum zonulin levels were associated
with greater hyperactivity and social dysfunction, while co-twin
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control analyses demonstrated increased gastrointestinal and
broader physical health problems in children with ADHD
compared with non-ADHD co-twins, even after controlling for
shared genetic and environmental factors (102, 106). These
findings support the notion that, in ADHD, MGBA-related
alterations may intersect with somatic vulnerability dimensions
than exclusively with symptoms.
Interventional studies in ADHD were largely centered on

rather core attentional
nutraceutical or probiotic approaches (102). Early-life probiotic
supplementation was associated with a reduced risk of later
ADHD diagnosis in long-term follow-up (101). Broad-spectrum
multinutrient supplementation trials demonstrated significant
improvements in clinician-rated global functioning and symptom
severity, independent of baseline diet quality (112). Combined
probiotic—pharmacological approaches showed greater symptom
reduction compared with medication alone, whereas single-strain
probiotic trials reported good tolerability but limited superiority
over placebo (105). Fermented dairy (kefir) interventions were

primarily associated with improvements in sleep-related
outcomes, with exploratory effects on core ADHD symptoms (116).
Consequently,  despite  the  proportionally  greater

representation of interventional reports in ADHD compared
with ASD, evidence regarding the therapeutic potential of
or diet-based in ADHD remains
insufficient to support clinical recommendations.

microbiota- interventions

Summary of findings

This structured narrative review synthesizes clinically relevant
human evidence on the MGBA in children and adolescents with
ASD and ADHD, and should be interpreted as a focused
narrative synthesis rather than as a formal systematic review or
comprehensive scoping evidence map. The interpretation of the
present findings is grounded in the full set of included primary
pediatric human studies. Narrative reviews, systematic reviews,
and meta-analyses were not considered part of the formal
evidence base, but selected background literature was cited where
useful to contextualize the broader field (4, 5, 10-14, 91, 124,
125). Overall, the included evidence is characterized by a strong
predominance of observational studies, substantial methodological
heterogeneity, and a limited number of interventional studies.

Across ASD studies, observational evidence consistently
indicates that gastrointestinal symptoms, dietary selectivity, and
microbiota-related alterations are associated with greater ASD
symptom severity when assessed using standardized clinical
scales, such as CARS, ABC, and SRS.

Methodologically, most studies relied on 16S rRNA gene
sequencing and varied widely in sample processing, sequencing
platforms, and analytical pipelines. Assessment of diet and
gastrointestinal symptoms was inconsistent across studies.

ASD
gastrointestinal

Interventional  studies in reported  consistent

improvements  in outcomes  following
microbiota- or diet-targeted interventions, whereas effects on
core ASD symptoms were modest, heterogeneous, and typically
secondary outcomes. Behavioral improvements were more
frequently observed in children with prominent gastrointestinal
symptoms at baseline, supporting a phenotype-specific rather

than universal therapeutic effect.
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In ADHD, the evidence base remained substantially smaller
and more heterogeneous, although it included a proportionally
higher share of interventional reports than the ASD literature.
However, several ADHD interventional reports represented
secondary analyses rather than independent confirmatory trials.
Available findings suggest possible links between microbiota-
related factors, diet, symptom
dimensions, including sleep and somatic vulnerability, but

and broader associated
current evidence remains insufficient to support clinically
actionable microbiota-targeted strategies.

Taken together, the current evidence supports a model in
which microbiota—gut-brain interactions act as modulatory
factors influencing symptom expression in ASD and ADHD
rather than primary causal mechanisms.

Discussion

This structured narrative review summarizes pediatric human
evidence on the MGBA in ASD and ADHD, highlighting both areas
of convergence and substantial gaps in current knowledge. Overall,
the findings support the relevance of MGBA-related mechanisms as
plausible modulatory factors associated with neurodevelopmental
symptom expression; however, it remains unclear whether these
mechanisms operate in a predominantly protective, compensatory,
or predictive manner with respect to symptom onset and severity.
This uncertainty reflects not only the biological complexity of
MGBA-related pathways, but also important methodological and
conceptual limitations that currently constrain clinical translation.
From a clinical perspective, the marked heterogeneity across studies
continues to limit the translatability of specific microbial signatures
into diagnostic or prognostic tools.

Interpreting main findings, we can resume that in ASD, the
accumulated evidence—largely derived from observational studies
—consistently indicates associations between gastrointestinal
symptom burden, dietary patterns, gut microbiota composition,
and greater severity of core behavioral symptoms (4, 12, 67, 74,
90). These associations appear more evident in studies employing
standardized clinical scales and are particularly pronounced in
subgroups of children with clinically significant gastrointestinal
comorbidities (4, 72, 90). This pattern supports the concept of
biologically and clinically meaningful ASD sub-phenotypes, in
which gut-related factors may interact with neurobehavioral
manifestations rather than act as primary causal drivers. Indeed,
the MGBA operates through multiple interconnected pathways,
including neuroanatomical (vagal and spinal afferent signaling),
axis),

neuroendocrine (hypothalamic-pituitary-adrenal

immunological (cytokine-mediated signaling), and metabolic

pathways (microbial-derived metabolites), thereby providing
biologically plausible pathways through which gut microbes may
be linked to brain development, function, and behaviour (77). In
addition, alteration in gut microbial composition have been
linked to impaired intestinal barrier function, contributing to
more severe gastrointestinal symptoms and a systemic
inflammatory response, which in turn has been hypothesized to
be associated with altered blood-brain barrier permeability and
neurodevelopmental processes.

Interventional studies further suggest that microbiota or diet

targeted approaches are more consistently associated with
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improvements in gastrointestinal symptoms, while effects on
core ASD symptoms are generally modest, heterogeneous, and
frequently reported as secondary outcomes (28, 51, 73, 85, 87).
behavioral

Importantly, improvements in broader

associated clinical dimensions appear more evident in children

or

with prominent gastrointestinal symptoms at baseline, whereas
effects on core ASD symptoms remain limited and variable,
reinforcing the hypothesis that therapeutic responsiveness may
depend on individual clinical profiles rather than a uniform
ASD phenotype (37, 51, 53, 91). These broader changes may
reflect indirect benefits on associated symptom burden or overall
clinical regulation rather than direct modification of core ASD
symptom domains.

In contrast, the specific ADHD literature about the association
of gastrointestinal symptoms, diet, and behaviour phenotype,
remains still limited both in quantity as in methodological depth
as well. Although the overall evidence base is still small and
heterogeneous, and many findings remain exploratory, and
characterized by small sample sizes and heterogeneous outcome
measures. While preliminary findings suggest potential links
between microbiota-related factors, early-life exposures, diet, and
ADHD-related behaviors (63, 77, 104, 106), the current evidence
base is insufficient to support definitive mechanistic conclusions
or clinical recommendations.

Current findings suggest that MGBA research in ASD has
been primarily oriented toward the identification of candidate
biomarkers and mechanistic pathways potentially associated with
symptom  expression. Notably, higher proportion of
nutraceutical or probiotic supplementation approaches were
identified in ADHD studies (104, 106, 108, 114, 115, 119),
compared to ASD studies, highlighting a relative imbalance in
research efforts addressing the role of MGBA in ASD and in
ADHD. Within the ASD field, investigations of the gut-brain
axis are primarily oriented toward the identification of potential
pathogenetic biomarkers and mechanistic pathways to manage
ASD core- symptoms (29, 36, 39, 65, 81, 95, 98).

In contrast, in ADHD research, the use of nutraceutical
interventions appears to be predominantly associated with

a

changes in associated symptom dimensions and broader
functional outcomes, including sleep disturbances, anxiety, and
related measures, rather than with consistent improvement in
core ADHD symptoms such as inattention, hyperactivity, or
impulsivity (15, 119, 120).

should likewise

When reported, gastrointestinal
be interpreted separately from
change,

outcomes

disorder-specific =~ symptom as improvement in

gastrointestinal burden or associated not
imply modification

neurodevelopmental phenotype.

symptoms does

necessarily of the core

Across the interventional literature, outcomes are more
appropriately interpreted across distinct clinical domains rather
than as equivalent indicators of treatment response. First,

gastrointestinal outcomes appear to be the most consistently

improved domain across microbiota- or diet-targeted
interventions, particularly in ASD, where reductions in
gastrointestinal symptom burden were more reproducibly

reported than changes in neurobehavioral endpoints (28, 41, 51,
73, 85, 91).
symptoms remain limited and heterogeneous in both disorders.
In ASD, changes in core symptom domains were generally

Second, effects on core neurodevelopmental
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modest, variable, and often reported as secondary outcomes (28, 51,
73, 85, 87), while in ADHD the available evidence remains too
limited and methodologically heterogeneous to support consistent
effects on core symptoms such as inattention, hyperactivity, or
impulsivity (15, 104, 106, 108, 114, 115, 119). Third, some studies
reported improvements in associated symptom dimensions,
including  sleep  disturbances, anxiety-related symptoms,
irritability, or broader behavioral dysregulation, particularly in
clinically selected subgroups or in children with prominent
gastrointestinal symptoms at baseline (15, 37, 51, 53, 91, 119,
120). These changes may reflect indirect benefits on associated
symptom burden or overall clinical regulation rather than direct
modification of core neurodevelopmental symptom domains.
Finally, broader functional outcomes, when reported, should be
interpreted separately from both core and associated symptom
changes, global functioning or parent-reported clinical
improvement may capture non-specific or downstream effects

as

that do not necessarily indicate disorder-specific therapeutic
efficacy. This distinction is particularly relevant in child and
adolescent psychiatry, where symptom expression and treatment
response are strongly shaped by developmental level, comorbidity
burden, and environmental context.

Some methodological considerations and research gaps should
be acknowledged. First, by restricting the present synthesis to
pediatric human studies, we prioritized clinical relevance and
translational applicability, but this necessarily reduced the breadth
of mechanistic evidence that could be considered, particularly
with regard to preclinical MGBA pathways. Therefore, biological
interpretations should remain cautious and should not be
regarded as mechanistic confirmation. In addition, the available
literature was markedly heterogeneous in terms of study design,

phenotypic  characterization, sequencing methods, dietary
exposures, gastrointestinal symptom burden, intervention
protocols, and outcome measures. Dietary factors deserve

particular methodological caution, as they were frequently
invoked as relevant confounders but were not consistently or
rigorously handled across the included studies. In many reports,
dietary intake, food selectivity, or feeding-related behaviors were
assessed using non-standardized parent-reported measures, broad
clinical descriptors, or incompletely described dietary exclusion
criteria rather than structured nutritional assessment. In addition,
few studies systematically controlled for dietary composition,
restrictive eating patterns, supplementation history, or concurrent
dietary interventions when interpreting microbiota-related
findings. This limitation is particularly relevant in ASD, where
food selectivity and feeding difficulties are common and may
independently affect both microbiota profiles and behavioral
presentation, thereby complicating interpretation of MGBA-
related associations (77, 111). This heterogeneity also affected the
interpretability of intervention outcomes, which required cautious
domain-specific consideration within the narrative synthesis, and
limited comparability across studies, thereby constraining the
possibility of more formal stratified analyses within the scope of
the present review. For this reason, findings were synthesized
using a structured narrative approach, while interventional studies
were further interpreted through formal methodological appraisal,
including RoB 2 for reports derived from randomized designs,
MINORS for open-label interventional studies, and narrative
methodological consideration of the predominantly observational
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literature. Overall, the methodological approaches used across
studies, support the exploratory characterization of microbiota—
gut-brain interactions but currently lack the standardization
required for clinical implementation.

Across both ASD and ADHD, many studies have used cross-
sectional and/or retrospective designs, which preclude causal
inference and limit understanding of temporal relationships
between microbiota alterations and neurodevelopmental outcomes.
Accordingly, observed associations between gut-related factors and
neurobehavioral features should be interpreted as correlational
rather than causal, and should not be taken as evidence that
MGBA-related alterations directly determine symptom onset,
severity, or treatment response. Sample sizes are frequently modest,
and methodological inter-study heterogeneity—particularly in
microbiome sequencing approaches, dietary assessment, and
gastrointestinal phenotyping—complicates comparison
studies and contributes to inconsistent findings, underscoring the

across

need for standardized methodologies before microbiota-based
clinical applications can be reliably considered.

From a child and adolescent psychiatry perspective, additional
clinically relevant sources of heterogeneity should also be
considered when interpreting MGBA-related findings (77, 111).
Developmental and cognitive level may influence dietary
selectivity, treatment adherence, caregiver-reported symptom
burden, and performance on standardized behavioral scales,
thereby affecting the apparent relationship between gut-related
127). Likewise,
common associated dimensions such as sensory abnormalities,
feeding difficulties, sleep disturbances, and anxiety or mood

factors and neurobehavioral outcomes (126,

symptoms may independently affect both gastrointestinal
function and microbiota-related profiles, while also shaping
behavioral presentation (77, 111, 119). In ADHD particularly,
medication exposure represents a further important confounder,
as stimulant and non-stimulant treatments may alter appetite,
weight trajectory, sleep, and gastrointestinal symptoms, thereby
complicating interpretation of MGBA-related associations (107,
110). These factors reinforce the need to interpret microbiota-
related  findings  within a  broader  developmental
psychopathology framework, in which biological, behavioral, and
environmental factors interact to shape symptom expression.
Future research should prioritize well-designed prospective
longitudinal studies with larger and more representative sample sizes
to clarify the directionality and stability of MGBA-related
associations. In addition, RCTs employing standardized microbiome
methodologies, rigorous dietary control, and clearly defined clinical
endpoints are essential to determine whether microbiota- or diet-
targeted interventions can meaningfully influence
neurodevelopmental symptoms beyond gastrointestinal outcomes.
Despite these limitations, the current evidence carries cautious
clinical implications. In ASD, assessment of gastrointestinal
symptoms and dietary patterns should be routinely considered,
as these factors are frequently associated with greater symptom
severity and may identify subgroups more likely to benefit from
more individualized assessment and
interventions (12, 37, 41, 63, 77).
Interventions targeting the gut ecosystem through dietary

targeted adjunctive

modification, probiotics, prebiotics, or microbiota transplants may
be associated with reduction in gastrointestinal symptom burden
and in selected cases, may indirectly support improvements in
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associated behavioral or functional dimensions rather than
consistent change in core ASD symptoms (28, 41, 51, 73, 85, 91).

However, the current evidence does not support these
approaches stand-alone therapeutic strategies for

neurodevelopmental symptoms, and any clinical use should be

as core
considered exploratory, adjunctive and individualized rather
than universally applied.

For ADHD, potential clinical implications remain largely
hypothetical, and the available evidence is insufficient to support
microbiota-targeted clinically  established
therapeutic options. While MGBA-related mechanisms may

interventions  as

eventually inform novel therapeutic strategies, the current
evidence base remains preliminary and heterogeneous, limiting
confident clinical implementation. Although outside the
predefined scope of this pediatric-focused review, selected adult
and meta-analytic literature, including an adult double-blind RCT
in ADHD and a recent pooled analysis of microbiota-targeted
interventions (128, 129), may provide broader contextual support
for the hypothesis that such approaches could exert modest,
symptom-specific effects. However, these studies were not part of
the formal evidence base of the present review and should be
interpreted only as contextual background rather than as direct
support for the pediatric conclusions presented here. More
rigorous research is required before translating microbiota- or

diet-based interventions into ADHD clinical practice.

Conclusions

In conclusion, this structured narrative review highlights a
growing body of pediatric human evidence suggesting that the
microbiota—gut-brain axis may be relevant to symptom expression
and gastrointestinal-related clinical features in ASD, with emerging
but still limited and heterogeneous evidence in ADHD. While
MGBA -related show promise—particularly for
alleviating gastrointestinal symptoms and potentially modulating
selected ASD  subgroups—definitive
conclusions regarding therapeutic efficacy remain premature.

interventions

behavioral outcomes in
Advancing the field will require coordinated efforts to conduct
large-scale prospective studies and RCTs with harmonized
methodologies and clinically meaningful Such
approaches are essential to determine whether MGBA-targeted

outcomes.

strategies can ultimately play a role in reducing neurodevelopmental
symptom burden in ASD and, potentially, in ADHD.
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