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Resumo

Introducdo: A Perturbacdo do Espectro do Autismo (PEA) é uma condicao do neurodesenvolvimento caracterizada por
alteragoes persistentes na comunicagao, no comportamento e na interacao social. Embora a etiologia seja multifatorial,
tem aumentado o interesse em compreender o papel da nutricdo como intervencdo complementar capaz de modular
sintomas comportamentais e gastrointestinais frequentemente associados a PEA. Objetivos: Avaliar o efeito de
intervengdes nutricionais na sintomatologia de individuos diagnosticados com PEA. Material e Métodos: A pesquisa
foi realizada nas bases PubMed, Scopus e Web of Science. Foram incluidos 11 estudos que analisaram intervencoes
nutricionais em criancas e adolescentes com PEA, abrangendo suplementacao e modificagdes dietéticas. Resultados:
A maioria dos estudos, 72,73% (n = 8), investigou suplementos como vitamina D, 6mega-3, acido folinico, sulforafano,
prebidticos e probidticos. As intervencgdes dietéticas — dieta baixa em FODMAPs, dieta sem gluten e dieta sem gluten
e/ou sem caseina — foram avaliadas em 27,27% (n = 3) dos artigos. A dieta baixa em FODMAPs demonstrou melhorias
significativas em sintomas gastrointestinais e em alguns comportamentos associados. Ja as dietas sem gluten e/ou
sem caseina apresentaram resultados inconsistentes. As interven¢des com suplementos evidenciaram redug¢bes em
irritabilidade e hiperatividade, além de melhorias na comunicac¢ao social e na saide intestinal, embora com variacao entre
estudos. Conclusées: As intervencdes nutricionais mostram potencial para influenciar positivamente a sintomatologia
da PEA. Contudo, a heterogeneidade metodolégica e o nimero limitado de estudos exigem investigacdo adicional para
confirmar a eficicia destas abordagens e identificar os subgrupos que podem beneficiar de forma mais consistente.
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Abstract

Introduction: Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized by persistent
alterations in communication, behavior, and social interaction. Although its etiology is multifactorial and complex,
there is growing scientific interest in understanding the role of nutrition as a complementary intervention capable of
modulating behavioral and gastrointestinal symptoms commonly associated with ASD. Objectives: To evaluate the
effect of nutritional interventions on the symptomatology of individuals diagnosed with Autism Spectrum Disorder.
Materials and Methods: A literature search was conducted in PubMed, Scopus, and Web of Science. Eleven studies
investigating nutritional interventions in children and adolescents with ASD were included, encompassing both dietary
supplementation and dietary modifications. Results: Most studies, 72,73% (n = 8), examined the effects of nutritional
supplements such as vitamin D, omega-3, folinic acid, sulforaphane, prebiotics, and probiotics. Dietary interventions —
including low-FODMAP diets, gluten-free diets, and gluten-free and/or casein-free diets — were evaluated in 27,27% (n =
3) of the articles. The low-FODMAP diet demonstrated significant improvements in gastrointestinal symptoms and some
behavioral outcomes, whereas gluten-free and/or casein-free diets produced inconsistent results. Supplement-based
interventions showed reductions inirritability and hyperactivity, improvements in social interaction and communication,
and benefits for intestinal health, although findings varied across studies. Conclusions: Nutritional interventions may
help improve ASD symptoms, but limited and heterogeneous studies mean more research is needed to confirm their
effectiveness and identify who benefits most.
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1.INTRODUGAO

A Perturbacdo do Espectro do Autismo (PEA) é
uma condicdo caracterizada por défices persistentes na
comunicacdo e interagdo social, associados a padrdes
de comportamento repetitivos, restritivos e inflexiveis,
cuja expressao é desproporcional a idade e ao contexto
sociocultural do individuo (Campisi et al. 2018; Organizacao
Mundial da Saude 2024). Estas alteragbes resultam de
perturbacdes precoces em circuitos neurais envolvidos na
socialidade, processamento sensorial, flexibilidade cognitiva e
regulacdo comportamental, refletindo a natureza multifatorial
e heterogénea da PEA (Lord et al; 2020).

Embora o inicio seja tipicamente identificado na infancia,
a apresentacao clinica pode tornar-se mais evidente ao longo
do desenvolvimento, sobretudo quando as exigéncias sociais,
comunicacionais e adaptativas ultrapassam as capacidades
individuais (Campisi et al. 2018; Lord et al. 2018). Assim, a
PEA manifesta-se como um continuum de necessidades que
variam em intensidade e impacto funcional, influenciadas
por fatores genéticos, neurobiolégicos e ambientais,
reforcando a importancia de uma avaliacdo multidimensional
e longitudinal (Lord et al. 2018). Esses défices repercutem-se
no funcionamento pessoal, familiar, social, educacional e
ocupacional, manifestando-se de forma consistente em
multiplos contextos do quotidiano (Yu etal., 2024; Organizagao
Mundial da Saude, 2024). A expressao clinica varia em
funcdo das caracteristicas do ambiente social e educacional,
refletindo diferencas nos niveis de funcionamento intelectual,
nas competéncias linguisticas e na capacidade de adaptacdo
(Qin et al., 2024; Posar & Visconti, 2023). Esta heterogeneidade
confirmaa PEA como uma condicdo dimensional, cujo impacto
funcional resulta da interacdo entre fatores individuais e as
exigéncias contextuais, exigindo abordagens de avaliacdo e
intervencéo sensiveis ao perfil de cada pessoa (Yu et al., 2024).

Em Portugal, um estudo publicado em 2005 estimou
que a prevaléncia da PEA era de aproximadamente 1 em
cada 1.000 criangas em idade escolar (Oliveira et al., 2007).
Contudo, investigagdes mais recentes apontam para valores
substancialmente superiores, em linha com a tendéncia
global de aumento da identificacdo e diagnostico da PEA.
Estudos internacionais publicados entre 2021 e 2024 estimam
prevaléncias entre 1% e 2,8% da populagao infantil, refletindo
maior sensibilidade diagnéstica, melhoria dos sistemas de
vigilancia e ampliacdo dos critérios clinicos (Maenner et al.,
2023; Zeidan et al.,, 2022; Salari et al., 2022).

O aumento da prevaléncia da PEA nas ultimas duas
décadas pode ser atribuida a uma combinacdo de fatores,
como maior frequéncia de triagem em criancas e adultos, a
melhoria dos critérios de diagnésticos e o desenvolvimento de
escalas comportamentais e neuropsicolégicas mais precisas, o
que tem contribuido significativamente para a identificacdo
de casos de PEA (Sharma et al. 2018; Qin et al. 2024).

O diagndstico é um processo complexo que exige
a utilizacdo de instrumentos padronizados e validados,
capazes de captar a heterogeneidade clinica e garantir uma
avaliacdo rigorosa para orientar intervencdes adequadas.
Entre as ferramentas amplamente utilizadas destaca-se a
Developmental, Dimensional and Diagnostic Interview (3Di),
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1.INTRODUCTION

Autism Spectrum Disorder (ASD) is a condition
characterized by persistent deficits in social communication
and interaction, associated with repetitive, restrictive,
and inflexible patterns of behavior, whose expression is
disproportionate to the individual’s age and sociocultural
context (Campisi et al. 2018; World Health Organization
2024).These alterations result from early disruptions in neural
circuits involved in social functioning, sensory processing,
cognitive flexibility, and behavioral regulation, reflecting the
multifactorial and heterogeneous nature of ASD (Lord et al;
2020).

Although onset is typically identified in childhood, clinical
presentation may become more evident over the course of
development, particularly when social, communicative, and
adaptive demands exceed individual capacities (Campisi et al.
2018; Lord et al. 2018). Thus, ASD manifests as a continuum
of needs that vary in intensity and functional impact,
influenced by genetic, neurobiological, and environmental
factors, reinforcing the importance of multidimensional and
longitudinal assessment (Lord et al. 2018). These deficits
affect personal, family, social, educational, and occupational
functioning, consistently manifesting across multiple contexts
of daily life (Yu et al., 2024; World Health Organization, 2024).
Clinical expression varies according to characteristics of the
social and educational environment, reflecting differences
in intellectual functioning, language abilities, and adaptive
capacity (Qin et al, 2024; Posar & Visconti, 2023). This
heterogeneity supports the conceptualization of ASD as a
dimensional condition whose functional impact results from
the interaction between individual factors and contextual
demands, requiring assessment and intervention approaches
tailored to each individual profile (Yu et al., 2024).

In Portugal, a study published in 2005 estimated the
prevalence of ASD to be approximately 1 in 1.000 school-
age children (Oliveira et al., 2007). However, more recent
research indicates substantially higher values, consistent
with the global trend of increased ASD identification and
diagnosis. International studies published between 2021 and
2024 estimate prevalence rates ranging from 1% to 2,8% in
the pediatric population, reflecting improved diagnostic
sensitivity, enhanced surveillance systems, and broader
clinical criteria (Maenner et al., 2023; Zeidan et al., 2022; Salari
etal, 2022).

The increase in ASD prevalence over the past two decades
may be attributed to a combination of factors, including
more frequent screening in children and adults, improved
diagnostic criteria, and the development of more precise
behavioral and neuropsychological assessment scales, all of
which have significantly contributed to case identification
(Sharma et al. 2018; Qin et al. 2024).

Diagnosis is a complex process requiring the use of
standardized and validated instruments capable of capturing
clinical heterogeneity and ensuring accurate evaluation to
guide appropriate interventions. Among the widely used
tools is the Developmental, Dimensional and Diagnostic
Interview (3Di), which enables structured assessment of core
ASD symptoms and potential comorbidities through detailed
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que permite avaliar de forma estruturada os sintomas
nucleares da PEA e possiveis comorbilidades através de
entrevistas detalhadas com pais e cuidadores (Hayes et al.,
2018). Outra medida relevante é a Childhood Autism Rating
Scale (CARS), frequentemente empregue para diferenciara PEA
de outros transtornos do neurodesenvolvimento, avaliando a
gravidade dos sintomas em criancas e adolescentes (Sharma
et al, 2018). Em conjunto, estes instrumentos contribuem
para uma abordagem multidimensional, permitindo integrar
informacdo comportamental, desenvolvimental e contextual,
essencial para um diagndstico preciso num quadro tédo
heterogéneo como a PEA.

A elevada taxa de comorbidades em individuos com
PEA constitui um elemento central para o diagnodstico, a
formulacédo clinica e o planeamento terapéutico. Estima-se
que cerca de trés quartos das criancas com PEA apresentem
simultaneamente outras condicbes médicas, psiquiatricas
ou neuroldgicas (Sharma et al., 2018; Loyacono et al., 2020).
Estudos mais recentes reforcam esta tendéncia, indicando
que entre 70% e 95% das pessoas com PEA apresentam pelo
menos uma comorbidade, e cerca de 40% a 60% apresentam
duas ou mais (Lugo-Marin et al., 2019). Essas comorbidades
interferem negativamente na saude das pessoas, elevando o
custo e a complexidade dos cuidados e maiores exigéncias as
familias dos pacientes. Entre as comorbidades mais frequentes
estdo o Transtorno de Déficit de Atencdo e Hiperatividade,
ansiedade, depressdo, transtorno bipolar, epilepsia,
esquizofrenia, disturbios do sono, disturbios gastrointestinais,
doenca inflamatéria intestinal, neuroinflamacao, disturbios
imunoldgicos e problemas sensoriais (Hyman et al. 2020).

Estudos indicam que pessoas com autismo podem
apresentar caréncias de nutrientes essenciais, incluindo
vitamina B6, magnésio e 4cidos gordos émega-3, nutrientes
envolvidos em vias metabdlicas relacionadas com
neurotransmissdo, plasticidade neuronal e modulagdo
inflamatéria. A suplementacdo destes nutrientes tem sido
associada a melhorias em fun¢des cognitivas, comportamentais
e emocionais em alguns individuos, embora os resultados
variem consoante o perfil clinico e nutricional (Adams et al.,
2011; Mazahery et al,, 2019).

Além disso, intervengdes dietéticas como a dieta isenta
de gluten e caseina tém sido estudadas pela sua potencial
capacidade dereduzir sintomas gastrointestinais — frequentes
na PEA — e, consequentemente, melhorar irritabilidade,
comportamento e bem-estar geral. O estudo de Whiteley et
al. (2013) demonstrou que a remogdo destes componentes
pode beneficiar subgrupos especificos, sobretudo aqueles
com hipersensibilidade gastrointestinal ou alteracdes na
permeabilidade intestinal.

A literatura também destaca o papel da inflamacédo
sistémica e do stress oxidativo na fisiopatologia desta doenca,
sugerindo que estes processos podem contribuir para o
agravamento dos sintomas comportamentais e cognitivos
(Ghanizadeh, 2010; Manivasagam et al., 2020). Assim, padroes
alimentares ricos em antioxidantes — como frutas e horticolas
coloridos, frutos secos, sementes e alimentos ricos em
polifendis — podem ajudar a modular a inflamacéo e reduzir
o dano oxidativo. Estudos recentes reforcam que dietas anti-

interviews with parents and caregivers (Hayes et al., 2018).
Another relevant measure is the Childhood Autism Rating
Scale (CARS), frequently used to differentiate ASD from other
neurodevelopmental disorders by assessing symptom severity
in children and adolescents (Sharma et al., 2018). Together,
these instruments support a multidimensional approach
by integrating behavioral, developmental, and contextual
information, which is essential for accurate diagnosis in a
highly heterogeneous condition such as ASD.

The high rate of comorbidities in individuals with ASD
is a central element in diagnosis, clinical formulation, and
therapeutic planning. It is estimated that approximately
three-quarters of children with ASD present with co-occurring
medical, psychiatric, or neurological conditions (Sharma et al.,
2018; Loyacono et al.,, 2020). More recent studies reinforce this
trend, indicating that between 70% and 95% of individuals
with ASD have at least one comorbidity, and approximately
40% to 60% present with two or more (Lugo-Marin et al., 2019).
These comorbidities negatively impact health, increasing the
cost and complexity of care, as well as the burden on families.
The most frequent comorbidities include attention-deficit/
hyperactivity disorder, anxiety, depression, bipolar disorder,
epilepsy, schizophrenia, sleep disorders, gastrointestinal
disorders, inflammatory bowel disease, neuroinflammation,
immune dysfunction, and sensory processing issues (Hyman
etal. 2020).

Studies indicate that individuals with ASD may
present deficiencies in essential micronutrients, including
vitamin B6, magnesium, and omega-3 fatty acids -
nutrients involved in metabolic pathways related to
neurotransmission, neuroplasticity, and inflammatory
modulation. Supplementation with these nutrients has been
associated with improvements in cognitive, behavioral, and
emotional functions in some individuals, although results
vary depending on clinical and nutritional profiles (Adams et
al., 2011; Mazahery et al., 2019).

In addition, dietary interventions such as gluten-free and
casein-free diets have been investigated for their potential
to reduce gastrointestinal symptoms — common in ASD —
and consequently improve irritability, behavior, and overall
well-being. The study by Whiteley et al. (2013) demonstrated
that the removal of these components may benefit
specific subgroups, particularly those with gastrointestinal
hypersensitivity or altered intestinal permeability.

The literature also highlights the role of systemic
inflammation and oxidative stress in the pathophysiology
of ASD, suggesting that these processes may contribute
to the worsening of behavioral and cognitive symptoms
(Ghanizadeh, 2010; Manivasagam et al., 2020). Thus, dietary
patterns rich in antioxidants - such as fruits, vegetables,
nuts, seeds, and polyphenol-rich foods — may help modulate
inflammation and reduce oxidative damage. Recent studies
further indicate that anti-inflammatory diets, such as the
Mediterranean diet, are associated with improvements in
behavior, sleep, and gastrointestinal health in children with
ASD (Sathe et al., 2017).

The gut microbiota plays essential roles in digestion,
immune function, and overall health (Li et al. 2017). In

inflamatoérias, como a dieta mediterranica, estdo associadas a
melhorias no comportamento, sono e satide gastrointestinal
em criangas com PEA (Sathe et al., 2017).

A microbiota intestinal tem fun¢des essenciais na
digestdo, no sistema imunoldgico e na saude global (Li et al.
2017). Em individuos com PEA, observa-se frequentemente
um desequilibrio na microbiota, que pode resultar em
problemas gastrointestinais, como obstipacdo, diarreia
e outros disturbios do trato digestivo. Esse desequilibrio
aumenta a permeabilidade intestinal, permitindo que
substancias inflamatérias atinjam o cérebro e causem
neuroinflamacdo, exacerbando os sintomas (Strati et al.
2017; Rudzki & Szulc 2018; Fetissov et al. 2019). Além disso,
a microbiota intestinal desempenha um papel central na
regulacdo do eixo intestino-cérebro, sendo responsavel
pela producdo de neurotransmissores, neuromoduladores

e metabolitos bioativos — como serotonina, dopamina,
Gamma-aminobutyric acid (GABA), triptofano e &cidos
gordos de cadeia curta — que influenciam diretamente

0 comportamento, a cogni¢ao, a resposta ao stress e a
modulacdo emocional (Vuong & Hsiao, 2017). Evidéncias
recentes demonstram que alteracbes na composicao,
diversidade e funcionalidade da microbiota podem afetar
a permeabilidade intestinal, a sinalizacdo imunitaria e
processos neuroinflamatoérios, contribuindo para a expressao
e intensidade de sintomas associados a PEA (Cryan et al,
2020; Bundgaard-Nielsen et al.,, 2020). Assim, a microbiota
intestinal emerge como um alvo promissor para intervengdes
nutricionais e terapéuticas, dada a sua capacidade de
influenciar circuitos neurais e processos cognitivos através de
vias metabdlicas, imunoenddcrinas e neuroquimicas.

As intervenc¢des nutricionais, incluindo a suplementacédo
com probidticos, a adocao de dietas especificas e o uso de
vitaminas e sais minerais, tém sido amplamente investigadas
como estratégias complementares para atenuar os sintomas
associados (Mierau & Neumeyer, 2019). Estas abordagens
partem da evidéncia de que muitos individuos com PEA
apresentam alteracbes gastrointestinais, desequilibrios
na microbiota intestinal, défices nutricionais e maior
vulnerabilidade a processos inflamatérios e oxidativos —
fatores que podem influenciar o comportamento, a cognicao
e o bem-estar geral.

A suplementacdo com probiéticos tem demonstrado
potencial paramodularamicrobiotaintestinal,reduzirsintomas
gastrointestinais e melhorar aspetos comportamentais
relacionados com ansiedade, irritabilidade e regulacdo
emocional, através da acdo no eixo intestino-cérebro (Shaaban

et al., 2018). Paralelamente, dietas especificas — como
dietas isentas de gluten e caseina, dietas anti-inflamatérias
ou padrdes alimentares ricos em antioxidantes — tém

sido estudadas pela sua capacidade de reduzir inflamagao
sistémica, melhorar o conforto gastrointestinal e, em alguns
casos, contribuir para melhorias comportamentais (Sathe et
al., 2017; Whiteley et al., 2013). A suplementacéo de nutrientes,
como vitaminas do complexo B, vitamina D, magnésio, zinco e
acidos gordos 6mega-3, também tem sido explorada, dada a
sua relevancia para a neurotransmissao, plasticidade neuronal
e modulag¢do imunitaria. Ensaios clinicos recentes sugerem
que intervengdes nutricionais personalizadas, baseadas no
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individuals with ASD, an imbalance in gut microbiota is
frequently observed, which may result in gastrointestinal
issues such as constipation, diarrhea, and other digestive
disorders. This imbalance can increase intestinal permeability,
allowing inflammatory substances to reach the brain and
induce neuroinflammation, thereby exacerbating symptoms
(Strati et al. 2017; Rudzki & Szulc 2018; Fetissov et al.
2019). In addition, the gut microbiota plays a central role
in regulating the gut-brain axis, being responsible for the
production of neurotransmitters, neuromodulators, and
bioactive metabolites — such as serotonin, dopamine, gamma-
aminobutyric acid (GABA), tryptophan, and short-chain
fatty acids — which directly influence behavior, cognition,
stress response, and emotional regulation (Vuong & Hsiao,
2017). Recent evidence demonstrates that alterations in the
composition, diversity, and functionality of the microbiota
can affect intestinal permeability, immune signaling, and
neuroinflammatory processes, contributing to the expression
and severity of ASD - related symptoms (Cryan et al., 2020;
Bundgaard-Nielsen et al., 2020). Thus, the gut microbiota
emerges as a promising target for nutritional and therapeutic
interventions, given its ability to influence neural circuits and
cognitive processes through metabolic, immunoendocrine,
and neurochemical pathways.

Nutritional interventions, including probiotic
supplementation, specific dietary patterns, and the use of
vitamins and minerals, have been widely investigated as
complementary strategies to alleviate associated symptoms
(Mierau & Neumeyer, 2019). These approaches are based
on evidence that many individuals with ASD present
gastrointestinal alterations, gut microbiota imbalances,
nutritional deficiencies, and increased vulnerability to
inflammatory and oxidative processes - factors that may
influence behavior, cognition, and overall well-being.

Probiotic supplementation has shown potential to
modulate the gut microbiota, reduce gastrointestinal
symptoms, and improve behavior aspects related to anxiety,
irritability, and emotional regulation through its action on
the gut-brain axis (Shaaban et al., 2018). Similarly, specific
diets - such as gluten-free and casein-free diets, anti-
inflammatory diets, or antioxidant-rich dietary patterns
- have been studied for their ability to reduce systemic
inflammation, improve gastrointestinal comfort, and, in
some cases, contribute to behavioral improvements (Sathe
et al., 2017; Whiteley et al., 2013). Nutrient supplementation,
including B-complex vitamins, vitamin D, magnesium, zinc,
and omega-3 fatty acids, has also been explored due to its
relevance in neurotransmission, neural plasticity, and immune
modulation. Recent clinical trials suggest that personalized
nutritional interventions, based on clinical, metabolic,
and gastrointestinal profiles, may represent a valuable
complement to traditional therapeutic approaches (Mazahery
etal, 2019).

By exploring the relationship between nutrition and
ASD symptoms, the present review may highlight dietary
interventions that can contribute to improved symptom
management. In addition, the implementation of appropriate
nutritional strategies may promote more balanced physical
and mental health, positively impacting the overall well-being
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perfil clinico, metabdlico e gastrointestinal, podem constituir
um complemento valioso as abordagens terapéuticas
tradicionais (Mazahery et al., 2019).

Ao explorar a relagdo entre a nutricdo e os sintomas da
PEA, a presente revisao pode destacar intervengdes dietéticas
que contribuam para uma melhor gestdo dos sintomas.
Além disso, a implementacdo de estratégias nutricionais
adequadas pode promover uma saude fisica e mental mais
equilibrada, impactando positivamente o bem-estar geral
destes individuos.

O objetivo da presente revisdao é avaliar o impacto de
intervengdes nutricionais na sintomatologia de individuos
diagnosticados com PEA.

2. MATERIAL E METODOS

Este estudo consiste numa revisdo sistemadtica da
literatura sobre os efeitos de intervencdes nutricionais na
sintomatologia da Perturbacdo do Espectro do Autismo
realizado conforme os critérios Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) (Page et al.
2021).

A questdo da pesquisa foi definida de acordo com
os critérios PICO (Barrington et al. 2024). As intervencbes
nutricionais tem efeito na sintomatologia da Perturbagao do
Espectro do Autismo?

+ P(Populagdo):criancaseadolescentes diagnosticados
com PEA

+ | (Intervencdo): alteracdo da dieta ou suplementacdo
nutricional

« C(Comparacao): nenhum tratamento ou placebo

+ O (Resultados): alteragdbes dos  sintomas
caracteristicos do PEA

A pesquisa foi realizada nas bases de dados PubMed, Web
of Science e Scopus, considerando publicagbes dos ultimos
anos (2019 - 2024), utilizando a seguinte combinacdo de
descritores e operadores booleanos: ((“Autism Spectrum
Disorder” OR “Autistic Disorder”) AND (Nutrition OR supplements
OR “Dietary Supplements” OR “Feeding Behavior”)).

Foramincluidos estudos primarios (ensaios clinicos, coorte
e casos e controlo), publicados em inglés e/ou portugués. A
populacdo-alvo foram criancas e adolescentes diagnosticados
com PEA. Foram incluidos estudos que analisaram
intervengdes nutricionais, como dieta e suplementos, e o seu
impacto na sintomatologia da PEA. Foram excluidos artigos
que nao focassem em intervenc¢des nutricionais, e estudos
que incluiam individuos com diagndsticos multiplos.

A pesquisa identificou 341 artigos, dos quais 163 foram
excluidos por duplicidade ou falta de relevancia com base
no titulo, resultando em 178 artigos para a etapa seguinte.
Apobs a leitura dos resumos, 117 artigos foram excluidos. Além
disso, dos 61 artigos restantes, 11 atenderam aos critérios
de elegibilidade, sendo incluidos nesta revisdo. O processo
de selecdo dos artigos estd ilustrado no fluxograma da
metodologia PRISMA (Fig. 1).

of these individuals.

The objective of this review is to evaluate the effect
of nutritional interventions on the symptomatology of
individuals diagnosed with ASD.

2. MATERIALS AND METHODS

This study consists of a systematic review of literature
examining the effects of nutritional interventions on the
symptomatology of autism spectrum disorder, conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline (Page et al.
2021).

The research question was formulated using the PICO
framework (Barrington et al.2024). Do nutritional interventions
affect symptomatology in autism spectrum disorder?

« P (Population): children and adolescents diagnosed
with ASD

+ | (intervention): dietary modifications or nutritional
supplementation

« C(Comparison): no intervention or placebo
« O (Outcomes): changes in core ASD symptoms

The search was conducted in the PubMed, Web of
Science, and Scopus databases, considering publications
from recent years (2019 - 2024), using the following
combination of descriptors and Boolean operators: ((“Autism
Spectrum Disorder” OR “Autistic Disorder”) AND (Nutrition
OR supplements OR “Dietary Supplements” OR “Feeding
Behavior”)).

Eligible studiesincluded primary research designs (clinical
trials, cohort studies, and case-control studies) published in
english and/or portuguese. The target population comprised
children and adolescents diagnosed with ASD. Studies
included if they evaluated nutritional interventions, such as
dietary modifications or supplementation, and their impact
on ASD symptomatology. Studies were excluded if they did
not focus on nutritional interventions or included participants
with multiple diagnoses.

The search identified 341 articles, of which 163 were
excluded due to duplication or lack of relevance based on the
title, resulting in 178 articles for the next stage. After reading
the abstracts, 117 articles were excluded. In addition, of the
remaining 61 articles, 11 met the eligibility criteria and were
included in the final review. The study selection process is
illustrated in the PRISMA flow diagram (Fig. 1).

[ Identificagdo de estudos a partir de bases de dados e registos ]
Artigos identificadas nas Artigos removidas antes do processo de
!é bases de dados (n =341): selecio:
= PubMed: 23 Artigos duplicados removidos (n =66)
] Scopus: 133 . .
o Artigos removidos por falta de
= Web of Science: 175 . .
l relevancia no titulo {n =97}
Artigos avaliadas por resuma
{n=178) Artigos excluidos (n=117)
E Artigos (texto completo) —| Artigos excluidos (n=50):
o ) N
2 || avaliados para elegibilidade Artigos ndo encontrados ou acesso
S (n=61) restrito (n =11)
N&o avalia uma ou mais teméticas (n =
20)
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Figura/Figure 1: Fluxograma de selecdo dos artigos/Flow diagram of study selection.

As ferramentas da Cochrane RoB 2 e ROBINS-I foram
utilizadas para avaliar de forma sistematica a qualidade
metodoldgica dos estudos incluidos nesta revisdo (Sterne et al.,
2019).

Com a aplicacdo da ferramenta em cada artigo incluido
na revisao, foi possivel determinar o nivel de risco de viés dos
estudos. Dos estudos incluidos, 45,45% (n=5) dos estudos
apresentaram baixo risco de viés (Tabela 1).
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The Cochrane RoB 2 and ROBINS-I tools were used to
systematically assess the methodological quality of the studies
included in this review (Sterne et al., 2019).

By applying the tool to each article included in the review,
it was possible to determine the level of risk of bias in the
studies. Of the studies included, 45,45% (n=5) were classified as
having a low risk of bias (Table 1).

Tabela/Table 1: Resultados da avaliacdo da qualidade dos artigos/Results of the article quality assessment.

AUTOR (ANO)/ RoB 2 para ensaios clinicos randomizados/
AUTHOR RoB for randomized controlled trials
(YEAR) D1 D2 D3 D4 D5 Overall
de I‘a Torre- Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/
Aguilar et al. : - ; : : ;
Low risk Low risk Low risk Low risk Low risk Low risk
(2022)
Javadfar et al. Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/
(2020) Low risk Low risk Low risk Low risk Low risk Low risk
Mazahery et al. Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/
(2019a) Low risk Low risk Low risk Low risk Low risk Low risk
Mazahery et al. Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/
(2019b) Low risk Low risk Low risk Low risk Low risk Low risk
Nogay et al. Baixo risco/ reﬁ?uurgages / Baixo risco/ Baixo risco/ Baixo risco/ reg?uun;a;es y
(2021) Low risk p pag Low risk Low risk Low risk p pag
Some concerns Some concerns
Raghavan etal. reglguun;ages/ Baixo risco/ Baixo risco/ Baixo risco/ Algumas preocupagdes/ reg?uun;a;es/
(2021) P pa¢ Low risk Low risk Low risk Some concerns p pa¢
Some concerns Some concerns
; R . - o . Algumas
Zimmerman et Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Algumas preocupagdes/ reocupacoes/
al.(2020) Low risk Low risk Low risk Low risk Some concerns p pag
Some concerns
Piwowarczyk et Baixo risco/ reﬁ?uuza;es / Baixo risco/ Baixo risco/ Baixo risco/ reglcguurza;es y
al. (2019) Low risk P pag Low risk Low risk Low risk p pag
Some concerns Some concerns
Renard et al Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/ Baixo risco/
(2020) Low risk Low risk Low risk Low risk Low risk Low risk
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RoB 2 para ensaios clinicos cruzados/
RoB 2 for crossover trials
D1 D2 D3 D4 D5 Overall
Gonzélez- Baixo risco/ Baixo risco/ Alguma§ Baixo risco/ Baixo risco/ Algumaf
Domenech. et ; ; preocupacgdes/ X ; preocupacgoes/
Low risk Low risk Low risk Low risk
al. (2020) Some concerns Some concerns
ROBINS-I para ensaios clinicos ndo randomizados/
ROBINS-I for nonrandomized clinical trials
D1.1 D1.2 D1.3 D2 D3 D4 D5 Overall
Gonzslez- Risco moderado/ Baixo risco/ Baixo risco/ Alguma:s Balxo Baixo risco/ Algumaf AIgumaf
Domenech. et X : N preocupacdes/ risco/ N preocupagoes/ preocupagoes/
Moderate risk Low risk Low risk . Low risk
al. (2020) Some concerns | Low risk Some concerns Some concerns

of the reported outcome; DS: Risk of bias from period and transition effects.

Legenda/Legend: D1:Risco de viés decorrente do processo de randomizacao; D1.1: Risco de viés devido a confuséo; D1.2: Risco de viés na selecdo dos participantes do estudo;
D1.3:Risco de viés na classificacdo das intervencdes; D2: Risco de viés devido a desvios das intervencdes pretendidas; D3: Risco de viés devido a falta de dados de resultados; D4:
Risco de viés na medicao do resultado; D5: Risco de viés na selegao do resultado relatado; DS: Risco de viés decorrente de efeitos de periodo e de transi¢ao/D1: Risk of bias from
the randomization process; D1.1: Risk of bias due to confounding; D1.2: Risk of bias in the selection of study participants; D1.3: Risk of bias in the classification of interventions; D2:
Risk of bias due to deviations from intended interventions; D3: Risk of bias due to lack of outcome data; D4: Risk of bias in outcome measurement; D5: Risk of bias in the selection

3. RESULTADOS

As principais caracteristicas dos estudos selecionados
foram resumidas e sintetizadas numa tabela, incluindo
informagdes como o primeiro autor, ano de publicagao, pais,
tipo de estudo, tamanho amostral, varidveis de recolha de
dados, sexo, idade média e objetivo (Tabela 2).

Esta revisao sistemdtica inclui estudos publicados entre
2019 (Mazahery et al. 2019a) e 2022 (Meguid et al. 2022). Os
tipos de estudo variam entre ensaios clinicos randomizados
(n=2; 18,18%) (Nogay et al. 2021; Raghavan et al. 2022), ensaio
clinico randomizado duplo-cego (n=5; 45,45%) (Mazahery et al.
2019a, 2019b; Javadfar et al. 2020; Zimmerman et al. 2021; de la
Torre-aguilar et al. 2022), ensaio clinico randomizado simples-
cego (n=2;18,18%) (Piwowarczyk et al. 2019; Renard et al. 2020),
ensaio clinico cruzado (n=1; 9,09%) (Gonzalez-Domenech et al.
2020) e ensaio clinico ndo randomizado (n=1; 9,09%) (Meguid
etal. 2022).

Os estudos analisados foram conduzidos em diferentes
paises, incluindo Irdo (n=1; 9,09%) (Javadfar et al. 2020),
Espanha (n=2; 18,18%) (Gonzalez-Domenech et al. 2020;
de la Torre-aguilar et al. 2022), Nova Zelandia (n=2; 18,18%)
(Mazahery et al. 2019a, 2019b), Franca (n=1; 9,09%) (Renard
et al. 2020), Estados Unidos (n=2; 18,18%) (Nogay et al. 2021;
Zimmerman et al. 2021), Egito (n=1; 9,09%) (Meguid et al. 2022),
Polénia (n=1; 9,09%) (Piwowarczyk et al. 2019) e india (n=1;
9,09%) (Raghavan et al. 2022).

O tamanho amostral variou entre 15 (Nogay et al. 2021)
e 111 (Mazahery et al. 2019b) participantes, sendo o sexo
masculino predominante. A média de idade dos participantes
variou entre 43,76 meses + 11,2 (de la Torre-aguilar et al. 2022)
e 11,7 anos +3,3 (Nogay et al. 2021).

3.RESULTS

The main characteristics of the included studies were
summarized and synthesized in a table, including information
on the first author, year of publication, country, study design,
sample size, data collection variables, sex distribution, mean
age, and study objectives (Table 2).

This systematic review includes studies published between
2019 (Mazahery et al. 2019a) and 2022 (Meguid et al. 2022).
Study design comprised randomized controlled trials (n=2;
18,18%) (Nogay et al. 2021; Raghavan et al. 2022), double-blind
randomized controlled trials (n=5; 45,45%) (Mazahery et al.
2019a, 2019b; Javadfar et al. 2020; Zimmerman et al. 2021; de
la Torre-aguilar et al. 2022), single-blind randomized controlled
trials (n=2; 18,18%) (Piwowarczyk et al. 2019; Renard et al. 2020),
crossover clinical trial (n=1; 9,09%) (Gonzalez-Domenech et al.
2020) and non-randomized clinical trial (n=1; 9,09%) (Meguid
et al.2022).

The studies analyzed were conducted in different countries,
including Iran (n=1; 9,09%) (Javadfar et al. 2020), Spain (n=2;
18,18%) (Gonzdlez-Domenech et al. 2020; de la Torre-aguilar
et al. 2022), New Zealand (n=2; 18,18%) (Mazahery et al. 2019a,
2019b), France (n=1; 9,09%) (Renard et al. 2020), United States
(n=2; 18,18%) (Nogay et al. 2021; Zimmerman et al. 2021),
Egypt (n=1; 9,09%) (Meguid et al. 2022), Poland (n=1; 9,09%)
(Piwowarczyk et al. 2019) and India (n=1; 9,09%) (Raghavan et
al. 2022).

The sample sizes ranged from 15 (Nogay et al. 2021) to 111
(Mazahery et al. 2019b) participants, with a predominance of
males. The mean age of participants ranged from 43,76 months
+ 11,2 (de la Torre-aguilar et al. 2022) to 11,7 years + 3,3 (Nogay
etal.2021).
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Tabela/Table 2: Principais caracteristicas dos estudos incluidos/Main characteristics of the included studies.

VARIAVEIS DE IDADE MEDIA
AUTOR TIPO DE RECOLHA DE * DESVIO
(ANO)/ PAIS/ ESTUDO/ DADOS/DATA N (AMOSTRA)/ SEXO/ PADRAO/ OBJETIVOS/
AUTHOR COUNTRY N (SAMPLE SIZE) SEX MEAN AGE + OBJECTIVES
STUDY DESIGN COLLECTION
(YEAR) VARIABLES STANDARD
DEVIATION
Ensaio clinico
randomizado ADOS 54 (44 Investigar se a suplementagdo com
de laTorre- duplo-cego/ completaram _az0 43,76 meses/ | dmega-3 melhora os sintomas clinicos
Aguilar et al. Esspa:i:a/ Double-blind Pca?gl o estudo)/ N; _?37[{;((‘;) months + do PEA/To investigate whether
(2022) P randomized sDQ completed the ° 11,2 omega-3 supplementation improves
controlled study) clinical symptoms of ASD
clinical trial
Gonzalez- Ensaio clinico ATEC coms7|ga9ram Avaliar a eficacia da dieta FBCF
Domenech. et Espanha/ cruzado/ ERCAII o er)tudo)/ M - 78%(29) 8,9 anos/years nos principais sintomas da PEA/To
Al (2020)' Spain Crossover ABC completed the F -22%(8) +4,0 evaluate the effectiveness of the GFCF
: clinical trial Sudy) diet in the main symptoms of ASD
Ensaio clinico Examinar os efeitos da suplementacéo
";Sdﬁ:‘;agf ATEC con'lszlgt‘:ram de vitamina D nos principais sintomas
Javadfar et al. Irdo/ DoEbIe—bﬁnd ABC o er)tudo)/ M - 83,7% (36) 8,91 anos/ em criangas com PEA/To examine the
(2020) Iran randomized CARS completed the F-16,3%(7) years + 2,87 effects of vitamin D supplementation
controlled 5udy) on core symptoms in children with
clinical trial ASD
Avaliar a eficacia da vitamina D,
Ensaio clinico émega-3 ou ambos juntos na reducdo
Nova randomizado 117 (73 dos sintomas de irritabilidade e
Mazahery et Zelandia/ duplo cego/ completaram M — 85%(100) 5.2 anos/years hiperatividade em individuos com
al. (201 gya) New Double-blind ABC o estudo)/ Feo 150;(1 7) ! 41 4y PEA/To evaluate the effectiveness
. Zealand randomized completed the ° - of vitamin D, omega-3, or both
controlled study) combined in reducing irritability and
clinical trial hyperactivity symptoms in individuals
with ASD
Ensaio clinico . . . .
X Avaliar a eficacia da vitamina D,
Nova rjzdlc;nllezag;) con1w1 I7e(t7a?am 6mega-3 ou ambos juntos na redugéo
Mazahery et Zelandia/ Dot?ble—bglJind SRS ° eEtudo)/ M -85%(100) | 5,2 anos/years dos principais sintomas da PEA/To
al. (2019b) New randomized SPM completed the F-15%(17) +14 evaluate the effectiveness of vitamin
Zealand controlled sptud ) D, omega-3, or both combined in
clinical trial 4 reducing core ASD symptoms
Investigar a modulagdo da microbiota
Ensaio intestinal na PEA com probidticos
. . clinico néo _ o como uma opgao terapéutica na
Meg(;;(l)c;;t al. Eglto( randomizado/ iADTS 40 Né _22’551;){1237) ND reducéo dos sintomas/To investigate
yp Nonrandomized 270 gut microbiota modulation using
clinical trial probiotics as a therapeutic strategy
for reducing ASD symptoms
Ensaio
EUA/ clinico piloto Avaliar o efeito da dieta baixa em
Nogay etal. United randomizado/ ABC 15 M - 66,7%(10) 11,7 anos/ FODMAP sobre os sintomas da PEA/
(2021) States Randomized PedsQL F -33,3%(5) years + 3,3 To evaluate the effect of a low-
pilot clinical FODMAP diet on ASD symptoms
trial
Ensaio Investigar os efeitos do beta-glucano
clinico piloto AFO-202 derivado de levedura negra
randomizado 18(13 (Nichi Glucan) na pontuacao da Escala
Raghavan et india/ prospectivo completaram de Avaliagcdo do Autismo na Infancia
agll 2021) India e aberto/ CARS o estudo)/ ND ND (CARS)/To investigate the effects
: Prospective, completed the of AFO-202 beta-glucan derived
open-label study) from black yeast (Nichi Glucan) on
randomized childhood autism rating scale (CARS)
pilot trial scores
Ensaio clinico
randomizado,
duplo-cego
e depois
tratamento Determinar a eficacia do sulforafano
) EUA/ aberto/ ABC o na melhora dos sintomas da PEA/
Zé::;?};g;g; United Double-blind SRS 45 N;:??’g]o/;((‘;?) 73 azozséyears To determine the efficacy of
' States randomized OACIS e - sulforaphane in improving ASD
controlled symptoms
clinical trial
followed by
open- label
treatment
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Ensaio clinico
randomizado ADOS 66 (58 Avaliar o efeito do gluten no
Piwowarczyk Polonia/ sirpples—ce;go/ scQ completaram M — 84,8%(56) 48 meses/ fur)cio.n’amento comportamental
etal.(2019) Poland Single-blind ASRS o estudo)/ F-15 '2%(1 0) months + 11 dos individuos com PEA/To evaluate
' randomized VABS completed the ! - the effect of gluten on behavioral
controlled study) functioning in individuals with ASD
clinical trial
Ensaio clinico 6 anos/years Avaliar a eficacia do acido folinico
Renard et al Franca/ simples-cego/ ADOS 19 M -79%(15) e 4 me)s/es / na redugao dos sintomas da PEA/To
(2020) France Single-blind SRS F-21%(4) months evaluate the effectiveness of folinic
clinical trial acid in reducing ASD symptoms

Legenda/Legend: %: Percentagem; ABC: Aberrant Behavior Checklist; ADI-R: Autism Diagnostic Interview - revised; ADOS: Autism Diagnostic Observation Schedule; ASRS:
Autism Spectrum Rating Scales; ATEC: Autism Treatment Evaluation Checklist ; CARS: Childhood Autism Rating Scale; ERC-lIl: Emotional Regulation Checklist ; F: Feminino;
M: Masculino; OACIS: Ohio Autism Clinical Impressions Scale; PDDBI: Pervasive Developmental Disorders Behavior Inventory; PedsQL: Pediatric Quality of Life Inventory; SCQ:
Social Communication Questionnaire; SDQ: Strengths and Difficulties Questionnaire; ; SPM: Sensory Processing Measure ; SRS: Escala de Responsividade Social; PEA: Perturbagédo
do Espectro do Autismo; VABS: Vineland Adaptative Behavior Scales/%: Percentage; ABC: Aberrant Behavior Checklist; ADI-R: Autism Diagnostic Interview — revised; ADOS:
Autism Diagnostic Observation Schedule; ASRS: Autism Spectrum Rating Scales; ATEC: Autism Treatment Evaluation Checklist ; CARS: Childhood Autism Rating Scale; ERC-III:
Emotional Regulation Checklist ; F: Female; M: Male; OACIS: Ohio Autism Clinical Impressions Scale; PDDBI: Pervasive Developmental Disorders Behavior Inventory; PedsQL:
Pediatric Quality of Life Inventory; SCQ: Social Communication Questionnaire; SDQ: Strengths and Difficulties Questionnaire; ; SPM: Sensory Processing Measure ; SRS: Social
Responsive Scale; ASD: Autism Spectrum Disorder; VABS: Vineland Adaptative Behavior Scales.

Para a recolha de dados sobre a evolucao clinica dos
participantes, os instrumentos mais utilizados foram Aberrant
Behavior Checklist (ABC) (N=5; 45,45%) (Mazahery et al. 2019a;
Gonzalez-Domenech et al. 2020; Javadfar et al. 2020; Nogay
et al. 2021; Zimmerman et al. 2021), Childhood Autism Rating
Scale (CARS) (N=4; 36,36%) (Javadfar et al. 2020; de la Torre-
aguilar et al. 2022; Meguid et al. 2022; Raghavan et al. 2022),
Escala de Responsividade Social (SRS) (N=3; 27,27%) (Mazahery
et al. 2019b; Renard et al. 2020; Zimmerman et al. 2021) e
Autism Diagnostic Observation Schedule (ADOS) (N=3; 27,27%)
(Piwowarczyk et al. 2019; Renard et al. 2020; de la Torre-aguilar
etal. 2022).

A tabela 3 sintetiza os resultados dos estudos incluidos,
evidenciando as intervencdées e a evolucdo clinica dos
participantes. Entre os estudos analisados, 27,27% (n=3)
investigaram a modificacdo de dieta. Destes 9,09% (n=1)
avaliaram a dieta baixa em Fermentable Oligosaccharides,
Disaccharides, Monosaccharides and Polyols (FODMAPs)
(Nogay et al. 2021), 9,09% (n=1) analisaram a dieta sem gluten
(Piwowarczyk et al. 2019) e 9,09% (n=1) examinaram a dieta
sem gluten e/ou sem caseina (Gonzélez-Domenech et al. 2020).

Os restantes 72,73% (n=8) focaram-se em suplementos
alimentares. Dentre esses, 18,18% (n=2) investigaram a
suplementacdo de dmega-3, vitamina D e a combinacdo de
ambos (Mazahery et al. 2019a, 2019b), 9,09% (n=1) avaliaram
a suplementagdo exclusiva de vitamina D (Javadfar et al.
2020), 9,09% (n=1) examinaram a suplementac¢ao de dmega-3
isolado, (de la Torre-aguilar et al. 2022), 9,09% (n=1) analisaram
a suplementacao de acido folinico (Renard et al. 2020), 9,09%
(n=1) exploraram a suplementacéo de sulforafano (Zimmerman
et al. 2021), 9,09% (n=1) suplementacdo com Nichi Glucan
(beta-glucano AFO-202) (Raghavan et al. 2022) e 9,09% (n=1)
estudaram probidticos (Meguid et al. 2022). A duragdo do
acompanhamento variou entre 2 semanas (Nogay et al. 2021) e
12 meses (Mazahery et al. 2019a).

No estudo conduzido por Nogay et al. (2021), que avaliou
a dieta baixa em FODMAPS, apés apenas duas semanas de
intervencdo, observou-se uma reducédo expressiva dos sintomas
gastrointestinais, acompanhada por um aumento substancial
da qualidade de vida, que passou de 64,8 + 12,6 para 85,5 +
9,7. Além disso, o estudo identificou melhorias moderadas em

To collect data on the participants clinical evolution,
the most used instruments were the Aberrant Behavior
Checklist (ABC) (N=5; 45,45%) (Mazahery et al. 2019a;
Gonzélez-Domenech et al. 2020; Javadfar et al. 2020; Nogay
et al. 2021; Zimmerman et al. 2021), Childhood Autism Rating
Scale (CARS) (N=4; 36,36%) (Javadfar et al. 2020; de la Torre-
aqguilar et al. 2022; Meguid et al. 2022; Raghavan et al. 2022),
Social Responsive Scale (SRS) (N=3; 27,27%) (Mazahery et
al. 2019b; Renard et al. 2020; Zimmerman et al. 2021) and
Autism Diagnostic Observation Schedule (ADOS)(N=3; 27,27%)
(Piwowarczyk et al. 2019; Renard et al. 2020; de la Torre-aguilar
etal.2022).

Table 3 summarizes the results of the included studies,
highlighting the interventions and associated clinical
outcomes. Among the included studies, 27,27% (n=3)
investigated dietary modifications. Of these, 9,09% (n=1)
evaluated a low - Fermentable Oligosaccharides, Disaccharides,
Monosaccharides and Polyols (FODMAPs) diet (Nogay et al.
2021),9,09% (n=1) analyzed the gluten-free diet (Piwowarczyk
et al. 2019) and 9,09% (n=1) examined a gluten-free and/or
casein-free diet (Gonzalez-Domenech et al. 2020).

The remaining 72,73% (n=8) focused on nutritional
supplementation. Among these, 18,18%(n=2) investigated
omega-3, vitamin D supplementation, and their combination
(Mazahery et al. 2019a, 2019b), 9,09% (n=1) evaluated
vitamin D supplementation alone (Javadfar et al. 2020), 9,09%
(n=1) examined isolated omega-3 supplementation (de la
Torre-aguilar et al. 2022), 9,09% (n=1) analyzed folinic acid
supplementation (Renard et al. 2020), 9,09% (n=1) explored
sulforaphane supplementation (Zimmerman et al. 2021),
9,09% (n=1) supplementation with Nichi Glucan (beta-glucan
AFO-202 ) (Raghavan et al. 2022) and 9,09% (n=1) studied
probiotics (Meguid et al. 2022). The follow-up duration ranged
from 2 weeks (Nogay et al. 2021) to 12 months (Mazahery et
al. 2019a).

In the study conducted by Nogay et al. (2021), they
evaluated a low-FODMAPs diet. After only two weeks of
intervention, a significant reduction in gastrointestinal
symptoms was observed, accompanied by a substantial
improvement in quality of life, which went from 64,8 + 12,6
to 85,5 + 9,7. Moderate improvements were also observed in

sintomas comportamentais, nomeadamente: Irritabilidade: de
17,6 £ 10,4 para 13,4 + 7,8 e Hiperatividade: de 18,8 + 13,0 para
16,0 £12,5.

Poroutrolado, o estudo do Piwowarczyk et al.(2019), focado
nadieta sem gluten, ndo observou diferencas significativas entre
0s grupos, mas o grupo que seguiu a dieta sem gluten teve uma
reducdao nos escores do Social Communication Questionnaire
(SCQ) de 16,55+5,51 para 13,85 * 4,94, no Vineland Adaptative
Behavior Scales (VABS) de 20,11+6,21 para 17,57+6,57 e Autism
Spectrum Rating Scales (ASRS) de 67,09+10,06 para 62,27+7,99.

O estudo de Gonzilez-Domenech et al. (2020), que
avaliou os efeitos da dieta isenta de gluten e caseina (GFCF),
reportou resultados globalmente semelhantes entre os grupos
analisados. O Grupo A, que iniciou o ensaio com uma dieta
habitual e, apds seis meses, passou a seguir a dieta GFCF, ndo
apresentou alteracdes significativas nos escores ao longo
do estudo. J4 o Grupo B, que comecou com a dieta GFCF e
posteriormente regressou a dieta normal, evidenciou uma
reducdo nos escores do Autism Treatment Evaluation Checklist
(ATEC) de 62,3+27,4 para 54,9+20,9 durante o periodo em que
seguiu a dieta GFCF. Contudo, ap6s o retorno a dieta habitual,
verificou-se um ligeiro aumento para 55,7+£26,7. Apesar de o
Grupo B ter demonstrado uma melhoria sintomatica durante
a fase de intervencdo dietética, a magnitude das diferencas,
a variabilidade dos escores e o desenho do estudo nao
permitem estabelecer conclusdes definitivas sobre a eficacia
da dieta GFCF. Os autores destacam que os efeitos observados
podem refletir respostas individuais, fatores gastrointestinais
concomitantes ou flutuagdes naturais dos sintomas, reforcando
a necessidade de ensaios clinicos mais robustos, com maior
duracao e amostras mais representativas.

O estudo de La Torre-Aguilar et al. (2022) comparou
os efeitos da suplementacdo de 6mega-3 com os de um
placebo, utilizando a Childhood Autism Rating Scale (CARS) e o
Pervasive Developmental Disorders Behavior Inventory (PDDBI)
como medidas de avaliacdo. No grupo placebo, os escores
da CARS mantiveram-se relativamente estaveis, passando
de 33,01+6,84 no inicio para 28,98+5,48 apds seis meses.
No PDDBI observou-se uma ligeira reducdo, de 48,96+8,857
para 46,38+7,161. No grupo que recebeu suplementacdo de
omega-3, verificou-se igualmente uma pequena diminuicao
nos escores: a CARS reduziu de 32,22+8,68 para 28,69+7,74,
enquanto o PDDBI passou de 49,3+12,4 para 48,3+12,9.

Javadfar et al. (2020) investigou a suplementacdo com
vitamina D, utilizando as escalas CARS e Autism Treatment
Evaluation Checklist (ATEC), para avaliar a sua eficacia, apos
15 semanas de suplementacdo, o escore de CARS reduziu
de 40,90+5,21 para 38,79 + 5,52, enquanto o ATEC passou
de 71,09+21,12 para 66,40+21,51, indicando melhorias nos
sintomas do autismo.

Mazahery et al. (2019a, 2019b) conduziu dois estudos que
analisaram o efeito da suplementacao com vitamina D, 6mega-3
e uma combinacéo dos dois, na hiperatividade, irritabilidade e
nos sintomas em geral. No grupo que recebeu vitamina D, os
escores de irritabilidade diminuiram de 17+7,8 para13+7,7,
enquanto a hiperatividade de 22+9,6 para 17+11. Os escores
de Escala de Responsividade Social (SRS) passaram de 101+24
para 90+30 e o Sensory Processing Measure (SPM) de 116+31

Artigo de Revisdao | Review Article

behavioral symptoms, namely, Irritability: from 17,6 £ 10,4 to
13,4 + 7,8 and Hyperactivity: from 18,8 + 13,0 to 16,0 + 12,5.

In contrast, Piwowarczyk et al. (2019), who focused on
the gluten-free diet, did not observe significant differences
between the groups, but the group that followed the gluten-
free diethad areductionin scores on the Social Communication
Questionnaire (SCQ) from 16,55 + 5,51 to 13,85 + 4,94, on the
Vineland Adaptative Behavior Scales (VABS) from 20,11 + 6,21
to 17,57 £ 6,57 and on the Autism Spectrum Rating Scales
(ASRS) from 67,09 + 10,06 to 62,27+7,99.

The study by Gonzdlez-Domenech et al. (2020), which
evaluated the effects of gluten-free and casein-free (GFCF),
reported globally similar results between the groups
analyzed. Group A, which started the trial with its regular
diet and, after six months, began following the GFCF diet, did
not show significant changes in scores throughout the study.
Group B, which started with the GFCF diet and later returned
to a regular diet, showed a reduction in Autism Treatment
Evaluation Checklist (ATEC) scores from 62,3 + 27,4 to 54,9 +
20,9 during the period in which they followed the GFCF diet.
However, after returning to the regular diet, a slight increase
to 55,7 £ 26,7 was observed. Although group B demonstrated
symptomatic improvement during the dietary interventional
phase, the magnitude of the differences, the variability of
the scores, and the study design do not allow for definitive
conclusions about the effectiveness of the GFCF diet. The
authors emphasize that the observed effects may reflect
individual responses, concomitant gastrointestinal factors,
or natural fluctuations in symptoms, reinforcing the need for
more robust clinical trials with longer durations and more
representative samples.

The study by La Torre-Aguilar et al. (2022) compared
the effects of omega-3 supplementation with those of a
placebo, using the Childhood Autism Rating Scale (CARS) and
the Pervasive Developmental Disorders Behavior Inventory
(PDDBI) as assessment measures. In the placebo group, CARS
scores remained relatively stable, going from 33,01 + 6,84 at
baseline to 28,98 + 5,48 after six months. In the PDDB, a slight
reduction was observed, from 48,96 + 8,857 to 46,38 + 7,161.
In the group that received omega-3 supplementation, a small
decrease in scores was also observed: the CARS decreased
from 32,22 + 8,68 to 28,69 + 7,74, while the PDDBI decreased
from 49,3 +12,4t048,3 £ 12,9.

Javadfar et al. (2020) investigated vitamin D
supplementation, using the CARS and Autism Treatment
Evaluation Checklist (ATEC) scales to assess its effectiveness.
After 15 weeks of supplementation, the CARS score decreased
from 40,90 + 5,21 to 38,79 + 5,52, while the ATEC score
decreased from 71,09 + 21,12 to 66,40 + 21,51, indicating
improvements in autism symptoms.

Mazahery et al. (2019a, 2019b) conducted two studies
that analyzed the effects of supplementation with vitamin D,
omega-3, and their combination on hyperactivity, irritability,
and symptoms in general. In the group that received vitamin
D, irritability scores decreased from 17 £ 7,8 to 13 + 7,7, while
hyperactivity decreased from 22 + 9,6 to 17 + 11. Social
Responsive Scale (SRS) scores decreased from 101 + 24 to
90 + 30, and Sensory Processing Measure (SPM) from 116 + 31
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para 109+£29. No grupo que recebeu 6mega-3, a irritabilidade
reduziu de 14+8,0 para 9,1+7,4 e a hiperatividade de 17+9,2
para 14+8,8, com o SRS diminuindo de 99+25 para 82+29
e 0 SPM de 112427 para 98+29. Para o grupo que recebeu a
combinacdo de vitamina D e 6mega-3, a irritabilidade diminuiu
de 13+8,2 para 11+8,4, a hiperatividade de 21+12 para 16£11,
o SRS de 96429 para 84+33 e o SPM de 109421 para 100+26.
Esses resultados indicam melhorias significativas dos sintomas
apds a suplementacgado, sugerindo que tanto a vitamina D
quanto o 6mega-3, separadamente ou combinados, podem
melhorar os sintomas comportamentais e sociais (Mazahery et
al. 2019b, 2019a).

O estudo de Meguid et al. (2022) investigou o efeito da
suplementacdo de probidticos. Apés 3 meses de tratamento,
houve uma diminuicao nos escores de CARS de 32,68+0,94 para
28,94+0,84. Isso indica uma melhoria nos sintomas da PEA nos
participantes do estudo, sugerindo que os probiéticos podem
ter efeitos positivos na redugdo dos sintomas comportamentais
associados a PEA.

Raghavan et al. (2022) analisaram o tratamento com Nichi
Glucan, observando uma reducdo no escore de CARS, em casos
de autismo leve e moderado de 33,5+2,5 para 32,5+0,5 e em
casos de autismo grave de 43,71£4,80 para 40,1+5,96 apds 90
dias de tratamento. O estudo sugere que o Nichi Glucan pode
contribuir para a melhoria dos sintomas da PEA independente
da gravidade.

Zimmerman et al. (2021) investigaram o impacto do
sulforafano (SF) na reducdo dos escores de SRS e Aberrant
Behavior Checklist (ABC) ao longo de 36 semanas. Inicialmente
houve uma reducdo dos escores tanto no grupo placebo,
quando no grupo suplementado com SF, mas apdés a
suplementacao ser suspensa, houve um aumento dos escores.
Isso sugere que, embora o SF possa ter efeitos benéficos na
reducao dos sintomas, esses efeitos ndo sao permanentes e os
sintomas retornam apds a suspenséo da suplementagao.

O estudo de Renard et al. (2020) analisou o efeito da
suplementacdo de acido folinico através dos escores de Autism
Diagnostic Observation Schedule (ADOS) e SRS, ap6s 12 semanas,
o escore de ADOS reduziu de 16,8+4,4 para 14,0+5,0 e o de SRS
diminui de 92,2+13,6 para 83,9 £14,6.

4.DISCUSSAO

Diversos estudos tém investigado a relacdo entre dietas
restritivas e a PEA, sugerindo que determinadas abordagens
alimentares podem exercer efeitos diferenciados sobre os
sintomas comportamentais, gastrointestinais e neurofuncionais
em pessoas com autismo (Hyman et al. 2012).

O estudo de Nogay et al. (2021) demonstrou que a ado¢do
de uma dieta pobre em FODMAPs resultou numa reducdo
significativa dos sintomas gastrointestinais em criangas com
PEA. A influéncia dos FODMAPs na sintomatologia da PEA
estd intimamente ligada ao papel que estes carboidratos
fermentéveis desempenham na microbiota intestinal, uma vez
que sao rapidamente metabolizados por bactérias coldnicas,
produzindo gases e &4cidos gordos de cadeia curta que
podem exacerbar sintomas gastrointestinais em individuos
com disbiose ou sensibilidade visceral (Hill et al, 2017). Em
pessoas com PEA, que frequentemente apresentam alteracdes

to 109 + 29. In the group that received omega-3, irritability
scores decreased from 14 + 8,0 to 9,1 + 7,4 and hyperactivity
from 17 + 9,2 to 14 £ 8,8, with the SRS decreasing from 99
+ 25 to 82 + 29 and the SPM from 112 + 27 to 98 + 29. For
the group that received the combination of vitamin D and
omega-3, irritability scores decreased from 13£8,2to 11 + 8,4,
hyperactivity from 21 +£12to 16 £ 11, SRS from 96 + 29 to 84 +
33, and SPM from 109 + 21 to 100 + 26. These results indicate
significantimprovements in symptoms after supplementation,
suggesting that both vitamin D and omega-3, separately or
combined, can improve behavioral and social symptoms
(Mazahery et al. 2019b, 2019a).

The study by Meguid et al. (2022) investigated the effect
of probiotic supplementation. After 3 months of treatment,
there was a decrease in CARS scores from 32,68 + 0,94 to
28,94 + 0,84. This indicates an improvement in ASD symptoms
in study participants, suggesting that probiotics may have
positive effects in reducing behavioral symptoms associated
with ASD.

Raghavan et al. (2022) analyzed treatment with Nichi
Glucan, observing a reduction in CARS scores in cases of mild
and moderate autism from 33,5 + 2,5t0 32,5+ 0,5 and in cases
of severe autism from 43,71 + 4,80 to 40,1 + 5,96 after 90
days of treatment. The study suggests that Nichi Glucan may
contribute to the improvement of ASD symptoms regardless
of severity.

Zimmerman et al. (2021) investigated the impact of
sulforaphane (SF) on reducing SRS and Aberrant Behavior
Checklist (ABC) scores over 36 weeks. Initially, there was
a reduction in scores in both the placebo group and the
group supplemented with SF, but after supplementation was
discontinued, there was an increase in scores. This suggests
that, although SF may have beneficial effects in reducing
symptoms, these effects are not permanent, and symptoms
return after supplementation is discontinued.

The study by Renard et al. (2020) analyzed the effect of
folinic acid supplementation using the Diagnostic Observation
Schedule (ADOS) and SRS scores. After 12 weeks, the ADOS
score decreased from 16,8 + 4,4 to 14,0 = 5,0 and the SRS score
decreased from 92,2 + 13,6 to 83,9 + 14,6.

4. DISCUSSION

Several studies have investigated the relationship
between restrictive diets and ASD, suggesting that specific
dietary approaches may exert differentiated effects on
behavioral, gastrointestinal, and neurofunctional symptoms
in people with autism (Hyman et al. 2012).

The study by Nogay et al. (2021) demonstrated that
adopting a low-FODMAPs diet resulted in a significant
reduction in gastrointestinal symptoms in children with ASD.
The effects of FODMAPs on ASD symptomatology are closely
linked to the role that these fermentable carbohydrates
play in the gut microbiota, as they are rapidly processed by
colonic bacteria, producing gases and short-chain fatty acids
that can exacerbate gastrointestinal symptoms in individuals
with dysbiosis or visceral sensitivity (Hill et al., 2017). In
people with ASD, who frequently present with microbial
alterations such as lower diversity and a greater abundance

microbianas, como menor diversidade e maior abundancia de
géneros potencialmente inflamatérios, a reducdo de FODMAPs
pode diminuir a fermentagdo excessiva e a inflamacao local,
contribuindo para maior conforto gastrointestinal (Vuong &
Hsiao, 2017; Berding & Donovan, 2018). A resposta individual
a intervencdo dietética pode depender de multiplos
fatores, incluindo o perfil microbiano basal, a presenca de
comorbidades gastrointestinais e a integridade da barreira
intestinal, aspetos que tém sido amplamente associados a
variabilidade clinica observada na PEA (Berding & Donovan,
2016). Os autores sugerem que a melhoria comportamental
observada pode ser secundaria a reducdo do desconforto
gastrointestinal, reforcando a ligacdo entre sintomas digestivos,
bem-estar emocional e comportamento em criangas com PEA.
Outros estudos sugerem também que a reducdo de sintomas
gastrointestinais pode, indiretamente, melhorar irritabilidade,
ansiedade e padrdes de sono, sobretudo em individuos com
marcada sensibilidade gastrointestinal (Holingue et al., 2018).

A dieta sem gluten, estudada por Piwowarczyk et al. (2019)
nao demonstrou diferengas entre os grupos com dieta normal
e dieta sem gluten nos principais sintomas. Outro estudo que
avaliou a dieta GFCF, também nao apresentou resultados
significativos (Gonzalez-Domenech et al. 2020). Duas revises
sistematicas e meta-analise sugeriram que a dieta GFCF
pode reduzir comportamentos estereotipados e melhorar a
cogni¢cao em criangas com PEA (Keller et al. 2021; Quan et al.
2022). Um estudo realizado por Pennesi & Klein (2012) analisou
criangas com PEA que seguiram a dieta GFCF. Os resultados
mostraram que algumas delas apresentaram melhorias
significativas nos sintomas gastrointestinais, como diarreia e
dor abdominal, que sdo comuns em muitos individuos com
autismo. A melhoria nesses sintomas pode ter levado a uma
melhora no comportamento e na qualidade de vida geral. Um
ensaio piloto conduzido por Knivsberg et al. (1995), indicou
que a dieta GFCF resultou em melhorias comportamentais
em algumas criangas com PEA, como maior atencdo, menos
comportamentos repetitivos e melhora nas interacdes
sociais. Estes resultados podem estar relacionados com varios
mecanismos fisioldgicos e comportamentais descritos na
literatura. Um dos mais discutidos é a hipétese dos peptideos
opidides, que sugere que a digestdo incompleta do gluten e
da caseina pode originar peptideos bioativos com atividade
semelhante a de opidides enddgenos, capazes de influenciar
a funcdo cerebral e, consequentemente, o comportamento
(Whiteley et al., 2013). Além disso, muitos individuos com PEA
apresentam comorbidades gastrointestinais, permeabilidade
intestinal aumentada e disbiose, fatores que podem amplificar
a resposta a intervencbes dietéticas (Berding & Donovan,
2016). A eliminacéo de gluten e caseina pode reduzir processos
inflamatérios locais, melhorar o conforto gastrointestinal
e, consequentemente, diminuir irritabilidade, agitacdo e
comportamentos repetitivos, que frequentemente se agravam
em situa¢ées de desconforto digestivo (Holingue et al., 2018).

A suplementacdo de dmega-3 e vitamina D demonstrou
ser eficaz no controlo dos sintomas da PEA. Mazahery et
al. (2019a, 2019b), relataram melhorias significativas na
reducdo da irritabilidade, hiperatividade, no funcionamento
sociocomunicativo e nos problemas sensoriais. Javadfar et
al. (2020) observaram que a vitamina D isolada melhorou
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of potentially inflammatory genera, reducing FODMAPs intake
may decrease excessive fermentation and local inflammation,
thereby improving gastrointestinal comfort (Vuong & Hsiao,
2017; Berding & Donovan, 2018). The individual response
to dietary interventions may depend on multiple factors,
including baseline microbiota composition, the presence of
gastrointestinal comorbidities, and intestinal barrier integrity,
all of which have been associated with the clinical variability
observed in ASD (Berding & Donovan, 2016). The authors
suggest that the observed behavior improvement may be
secondary to the reduction of gastrointestinal discomfort,
reinforcing the link between digestive symptoms, emotional
well-being, and behavior in children with ASD. Other studies
also suggest that the reduction of gastrointestinal symptoms
may indirectly improve irritability, anxiety, and sleep patterns,
especially in individuals with marked gastrointestinal
sensitivity (Holingue et al., 2018).

The gluten-free diet study by Piwowarczyk et al. (2019)
did not demonstrate differences between the groups with a
normal diet and the gluten-free diet in the main symptoms.
Another study that evaluated the GFCF diet also did not
present significant results (Gonzélez-Domenech et al. 2020).
Two systematic review and meta-analyses suggested that the
GFCF diet may reduce stereotyped behaviors and improve
cognition in children with ASD (Keller et al. 2021; Quan
et al. 2022). A study conducted by Pennesi & Klein (2012)
analyzed children with ASD who followed the GFCF diet.
The results showed that some of them presented significant
improvements in gastrointestinal symptoms, such as diarrhea
and abdominal pain, which are common in many individuals
with autism. The improvement in these symptoms may have
led to an improvement in behavior and overall quality of life.
A pilot trial conducted by Knivsberg et al. (1995) indicated
that the GFCF diet resulted in behavioral improvements in
some children with ASD, such as increased attention, fewer
repetitive behaviors, and improved social interactions.
These results may be related to several physiological and
behavioral mechanisms described in the literature. One
of the most discussed is the opioid peptide hypothesis,
which suggests that the incomplete digestion of gluten and
casein may originate bioactive peptides with activity like
that of endogenous opioids, capable of influencing brain
function and, consequently, behavior (Whiteley et al., 2013).
In addition, many individuals with ASD have gastrointestinal
comorbidities, increased intestinal permeability, and
dysbiosis, factors that can amplify the response to dietary
interventions (Berding & Donovan, 2016). The elimination of
gluten and casein may reduce local inflammatory processes,
improve gastrointestinal comfort, and consequently decrease
irritability, agitation, and repetitive behaviors, which often
worsen in situations of digestive discomfort (Holingue et al.,
2018).

Omega-3 and vitamin D supplementation has been
shown to be effective in controlling ASD symptoms. Mazahery
et al. (2019a, 2019b) reported significant improvements
in reducing irritability, hyperactivity, sociocommunicative
functioning, and sensory problems. Javadfar et al. (2020)
observed that vitamin D supplementation alone improved
almost all symptoms related to neurodevelopmental defects.
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quase todos os sintomas relacionados com defeitos de neuro
desenvolvimento. Esses achados sobre a vitamina D estdo de
acordo com revisdes anteriores, que relataram reducbes de
hiperatividade em individuos com PEA apds suplementagao
com vitamina D (Li et al. 2022). A vitamina D tem efeitos
neuroprotetores ao estimular a producdo de neurotroficos
e reduzir a inflamagdo cerebral, o que pode ser benéfico
na mitigacdo dos sintomas comportamentais associados a
PEA (Mazahery et al. 2016). O estudo de la Torre-aguilar et
al. (2022) sobre a suplementacdo de dmega-3 ndo obteve
resultados estatisticamente significativos, mas observaram
uma ligeira melhoria dos sintomas. Os acidos gordos 6mega-3,
especialmente o eicosapentaendico (EPA) e docosahexaendico
(DHA), desempenham um papel crucial na regulagdo da
inflamacédo e na saude do sistema nervoso central (Sinn et al.
2010).

Alémdisso, 0 6mega-3 podeinfluenciaraneurotransmissao,
alterando os sistemas dopaminérgico e serotoninérgico, que
desempenham papéis fundamentais no comportamento
e nas emocgdes, sistemas frequentemente afetados em
individuos com autismo (De La Presa Owens & Innis 1999;
Patrick & Ames 2015). Outros estudos sobre a suplementacdo
de 6mega-3 apontaram benéficos minimos e destacaram a
falta de evidéncias conclusivas sobre o potencial terapéutico
do 6mega-3 para individuos com PEA (Agostoni et al. 2017;
Horvath et al. 2017).

A suplementacao com sulforafano, um composto derivado
de sementes de brécolos, revelou ter potencial no tratamento
dos sintomas do autismo, embora os sintomas retornarem
apds a suspensdo da suplementacdo (Zimmerman et al.,
2021). O sulforafano é um fitoquimico multifuncional que atua
em diversas vias bioquimicas e moleculares envolvidas no
autismo, como estresse oxidativo, disfuncdo mitocondrial
e neuroinflamacdo, como demonstrado em outros estudos
(Innamorato et al. 2008; Tarozzi et al. 2013; Liu et al. 2016). O
estudo de Liu et al. (2020) avaliou o seu efeito em individuos
com PEA e concluiu que o sulforafano pode melhorar os
sintomas comportamentais do autismo, apesar do resultado ter
sido estatisticamente insignificativo.

O acido folinico também demonstrou eficacia num
pequeno numero de criangas com PEA, revelando melhorias
significativas no escore de ADOS, particularmente na interagao
social e comunicacdo (Renard et al., 2020). Essa substancia
é uma forma reduzida do folato (vitamina B9), sendo mais
facilmente absorvida pelo organismo e pode atravessar
a barreira hematoencefdlica. Em alguns individuos com
PEA é observada a presenca de autoanticorpos, anticorpos
produzidos pelo sistema imune, que interferem no transporte
de folato para o cérebro, resultando na sindrome de deficiéncia
de folato cerebral. Essa condicdo é caracterizada pela regressao
do neurodesenvolvimento, sendo diagnosticada pela baixa
concentracgao de folato no liquido cefalorraquidiano (Ramaekers
et al. 2005). A suplementacdo em altas doses de acido folinico
tem-se mostrado eficaz na melhoria dos sintomas neurolégicos,
na comunicacdo e os comportamentos repetitivos (Mierau
& Neumeyer, 2019). Essas descobertas sugerem que o acido
folinico pode ser uma intervencdo promissora, especialmente
em casos de individuos que apresentam alteracdes no
metabolismo do folato.

These findings on vitamin D are consistent with previous
reviews reporting reductions in hyperactivity in individuals
with ASD after vitamin D supplementation (Li et al. 2022).
Vitamin D has neuroprotective effects by stimulating the
production of neurotrophy and reducing brain inflammation,
which may be beneficial in mitigating behavioral symptoms
associated with ASD (Mazahery et al. 2016). The study by de
la Torre-aguilar et al. (2022) on omega-3 supplementation did
not obtain statistically significant effects, but they observed
a slight improvement in symptoms. Omega-3 fatty acids,
especially eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), play a crucial role in regulating inflammation and
the health of the central nervous system (Sinn et al. 2010).

Additionally, omega-3 may influence neurotransmission
by modulating dopaminergic and serotonergic systems,
which play fundamental roles in behavior and emotions,
systems frequently affected in individuals with autism (De
La Presa Owens & Innis 1999; Patrick & Ames 2015). Other
studies on omega-3 supplementation have shown minimal
benefits and highlighted the lack of conclusive evidence on
the therapeutic potential of omega-3 for individuals with ASD
(Agostoni et al. 2017; Horvath et al. 2017).

Supplementation with sulforaphane, a compound
derived from broccoli seeds, has shown potential in
treating autism symptoms, although symptoms return after
supplementation is discontinued (Zimmerman et al., 2021).
Sulforaphane is a multifunctional phytochemical that acts
on several biochemical and molecular pathways involved in
autism, including oxidative stress, mitochondrial dysfunction,
and neuroinflammation, as demonstrated in other studies
(Innamorato et al. 2008; Tarozzi et al. 2013; Liu et al. 2016). The
study by Liu et al. (2020) evaluated its effect on individuals
with ASD and concluded that sulforaphane may improve
the behavioral symptoms of autism, although the result was
statistically insignificant.

Folinicacidhasalsodemonstrated efficacyinsomechildren
with ASD, revealing significant improvements in the ADOS
score, particularly in social interaction and communication
(Renard et al., 2020). This substance is a reduced form of folate
(vitamin B9), being more easily absorbed by the body and
able to cross the blood-brain barrier. In some individuals with
ASD, the presence of autoantibodies, antibodies produced
by the immune system, is observed, which interferes with
the transport of folate to the brain, resulting in cerebral
folate deficiency syndrome. This condition is characterized
by neurodevelopmental regression and is diagnosed by low
folate concentration in the cerebrospinal fluid (Ramaekers et
al. 2005). High-dose folinic acid supplementation has been
shown to be effective in improving neurological symptoms,
communication, and repetitive behaviors (Mierau &
Neumeyer, 2019). These findings suggest that folinic acid may
be a promising intervention, especially in cases of individuals
with alterations in folate metabolism.

The use of prebiotics and probiotics has also shown
promising effects in ASD symptom management. Nichi Glucan
significantly improved ASD symptoms as assessed by the
CARS score, especially in emotional and sleep-related aspects.
Although the findings point to a potential multimodal effect,

O uso de prebidticos e probidticos também se mostrou
eficaz no controlo dos sintomas da PEA. O Nichi Glucan
melhorou significativamente os sintomas da PEA avaliados
no escore do CARS, especialmente nos aspetos emocionais e
relacionados com o sono. Embora os achados apontem para
um potencial efeito multimodal, imunomodulagéo, reducao de
neuroinflamacdo e melhoria da satde intestinal, séo necessarios
estudos independentes e de maior escala para confirmar estes
efeitos.

Os probidticos demonstraram uma melhoria significativa
nos escores de CARS, especialmente no controle corporal,
percecao visual, capacidade de comunicacdo e capacidade
intelectual. Houve ainda melhorias na capacidade de se adaptar
as mudancas, redugao do terror e da inquietacdo, e efeitos
positivos nos sintomas gastrointestinais, como dor abdominal,
mudanca na consisténcia das fezes, diminuicdo na diarreia,
obstipagao e outros desconfortos (Meguid et al., 2022).

O estudo de Ligezka et al. (2021) também apresentou
resultados semelhantes em que houve a reducdo dos sintomas
gastrointestinais e nos sintomas da PEA. Os prebidticos atuam
aumentando o numero ou a atividade das bactérias benéficas
no intestino, diminuindo os microrganismos patogénicos e as
suas atividades metabdlicas prejudiciais, podendo influenciar
a funcdo imunoldgica. Os probidticos afetam o ecossistema
intestinal, estimulam a resposta imunoldégica da mucosa
intestinal, competem com microrganismos patogénicos e
produzem acidos gordos de cadeia curta (Guarner et al. 2023).
Prebidticos e probidticos apresentam efeitos benéficos na
microbiota intestinal, reforcam a barreira intestinal, regulam a
inflamacéo e a resposta imune, também tém efeitos benéficos
reduzindo sintomas gastrointestinais como a reducdo da
incidéncia e gravidade da diarreia (Guarner et al. 2023). Esses
mecanismos tornam-se relevantes no contexto da PEA, pois os
disturbios gastrointestinais sdo frequentemente observados
nesses individuos. A capacidade dos probidticos e prebiodticos
de modular a microbiota e influenciar o sistema imunolégico
sugere que podem impactar ndo apenas a saude intestinal,
mas também os sintomas comportamentais do autismo (Li
et al. 2017). A modulacdo da microbiota emerge como uma
intervencdo promissora para a melhoria dos sintomas da PEA.

Esta revisdo apresenta algumas limitacdes que devem
ser consideradas na interpretacdo dos resultados. A
heterogeneidade metodoldgica dos estudos incluidos, limita a
robustez e a comparabilidade das conclusdes. As intervengdes
analisadas diferem amplamente quanto ao tipo, composicédo e
dosagem dos suplementos e duragcdo dos protocolos (variando
entre 2 semanas e 12 meses). A maioria dos estudos apresenta
tamanhos amostrais reduzidos, o que diminui o poder
estatistico e aumenta a probabilidade de resultados instaveis ou
nao generalizaveis. Além disso, foram utilizados instrumentos
de avaliagdo distintos, dificultando a comparacdo direta
entre estudos e contribuindo para variacdes nas conclusdes
apresentadas. Esta diversidade metodoldgica, aliada ao risco
de viés identificado em alguns estudos, reforca a necessidade
de ensaios clinicos mais rigorosos, padronizados e com maior
representatividade para permitir conclusdées mais sélidas sobre
o impacto das intervengdes nutricionais na sintomatologia da
PEA.
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immunomodulation, reduction of neuroinflammation, and
improvement of gut health, independent and larger-scale
studies are needed to confirm these effects.

Probiotics demonstrated significant improvement in
CARS scores, especially in body control, visual perception,
communication skills, and intellectual capacity. There were
also improvements in the ability to adapt to changes, a
reduction in terror and restlessness, and positive effects on
gastrointestinal symptoms, such as abdominal pain, changes
in stool consistency, decreased diarrhea, constipation, and
other discomforts (Meguid et al., 2022).

The study by Ligezka et al. (2021) also presented similar
results in which there was a reduction in gastrointestinal
symptoms and in ASD symptoms. Prebiotics act by promoting
the growth or activity of beneficial bacteria in the gut,
decreasing pathogenic microorganisms and their harmful
metabolic activities, and may influence immune function.
Probiotics affect the intestinal ecosystem, stimulate the
immune response of the intestinal mucosa, compete with
pathogenic microorganisms, and produce short-chain
fatty acids (Guarner et al. 2023). Prebiotics and probiotics
have beneficial effects on the gut microbiota, strengthen
the intestinal barrier, regulate inflammation and the
immune response, and have beneficial effects in reducing
gastrointestinal symptoms such as the incidence and severity
of diarrhea (Guarner et al. 2023). These mechanisms become
relevant in the context of ASD, as gastrointestinal disorders
are frequently observed in these individuals. The ability of
probiotics and prebiotics to modulate the gut microbiota
and influence the immune system suggests that they may
impact not only gut health but also the behavioral symptoms
of autism (Li et al. 2017). Microbiota modulation represents a
promising intervention for improving ASD symptom:s.

This review has several limitations that should be
consideredwheninterpretingthefindings.Themethodological
heterogeneity of the included studies limits the robustness
and comparability of the results. Interventions varied widely
in type, composition, dosage, and duration (ranging from 2
weeks to 12 months). Most studies had relatively small sample
sizes, reducing statistical power and increasing the likelihood
of unstable or non-generalizable findings. Additionally, the
use of diverse outcome measures hindered direct comparisons
across studies and contributed to variability in reported
results. This methodological diversity, combined with the risk
of bias identified in some studies, underscores the need for
more rigorous, standardized, and large-scale clinical trials to
establish more definitive conclusions regarding the impact of
nutritional interventions on ASD symptomatology.

5. CONCLUSIONS

This systematic review suggests that several nutritional
interventions - including probiotics, prebiotics, folinic acid,
omega-3, and vitamin D - may contribute to improvements
in specific domains of ASD symptomatology, particularly
hyperactivity, irritability, social communication, and
gastrointestinal well-being. Although the observed effects
varied across studies, the available evidence indicates that
these interventions may play a complementary role in
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5. CONCLUSOES

Esta revisdo sistematica indica que diversas intervencdes
nutricionais — incluindo probidticos, prebidticos, acido folinico,
6mega-3 e vitamina D — podem contribuir para melhorias em
determinados dominios da sintomatologia da PEA, sobretudo
emadreascomo hiperatividade, irritabilidade, comunicacaosocial
e bem-estar gastrointestinal. Embora os efeitos observados
variem entre estudos, a evidéncia disponivel sugere que estas
intervencdes podem desempenhar um papel complementar
no tratamento multidimensional da PEA, especialmente em
individuos com comorbidades gastrointestinais ou défices
nutricionais identificados. Pesquisas futuras sao essenciais
para confirmar a eficicia destas intervencbes e identificar
quais subgrupos de individuos com PEA podem beneficiar
de forma mais consistente, considerando fatores como idade,
perfil nutricional, severidade dos sintomas, estado inflamatdrio
e caracteristicas da microbiota intestinal. E igualmente
fundamental que estudos futuros incluam a monitorizacdo
sistematica de potenciais efeitos adversos, bem como analises
de dose-resposta, duracdo ideal da intervencdo e interacbes
com outras terapias comportamentais ou farmacoldgicas. A
personalizacdo das intervengdes nutricionais, baseada em
marcadores clinicos e bioldgicos, representa um passo crucial
para o desenvolvimento de abordagens mais eficazes, seguras
e alinhadas com as necessidades individuais de cada paciente.
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Tabela/Table 3: Intervencao e resultados FOLLOW-UP/Intervention and results FOLLOW-UP.
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RESULTADOS/RESULTS FOLLOW-UP

3 meses/12 Semanas/90 dias/

AUTOR (ANO)/ . P 2 semanas/weeks 7 Semanas/weeks 15 semanas/weeks 22 semanas/weeks 6 meses/weeks 30 Semanas/weeks 36 semanas/weeks 12 meses/weeks
AUTHOR (YEAR) - . Pré-intervengao média (dp)/ 3 months/12 weeks /90 days
Intervencao/ Intervention Baseline Mean (SD)
P P P INDICADOR CLINICO INDICADOR CLINICO INDICADOR CLINICO INDICADOR CLINICO INDICADOR CLINICO INDICADOR CLINICO
INDICADOR CLINICO INDICADOR CLINICO INDICADOR CLINICO 5 % x 5 5 -
M M M VARIACAO/CLINICAL INDICATOR VARIACAO/CLINICAL VARIACAO/CLINICAL VARIACAO/CLINICAL VARIACAO/CLINICAL VARIACAO/CLINICAL INDICATOR
VARIACAO/CLINICAL INDICATOR VARIATION VARIACAO/CLINICAL INDICATOR VARIATION VARIACAO/CLINICAL INDICATOR VARIATION VARIATION INDICATOR VARIATION INDICATOR VARIATION INDICATOR VARIATION INDICATOR VARIATION VARIATION
CARS=33,01+6,84 CARS=28,98+548
Placebo ND ND ND ND ND - - -
de laTorre-Aguilar et PDDBI=48,96+8,857 PDDBI=46,38+7,161
al.(2022) CARS=32,22+8,68 CARS=2869+7,74 )
6mega-3/ omega-3 ND ND ND ND ND - -
PDDBI=49,3+12,4 PDDBI=483+129
Gonzélez-Domenech GRUPO A/ GROUP A ATEC=64,1+28,7 ND ND ND ND ND ATEC=62,9+289 ND ND ATEC=63,8+29,7
etal. (2020) GRUPO B/ GROUP B ATEC=623+274 ND ND ND ND ND ATEC=54,9+209 ND ND ATEC=55,7+26,7
CARS=40,40+5,84 CARS=40,07+5,75
Placebo ND ND ND - - - - -
ATEC=76,28+24,76 ATEC=75,52+24,6
Javadfar et al. (2020)
CARS=40,90+5,21 CARS 38,79+5,52 - - - - -
Vitamina D/ Vitamin D ND ND ND
ATEC=71,09+21,12 ATEC 66,40+21,51 - - - - -
Irritabilidade/Irritability =13 +8,7 Irritabilidade/Irritability = 14+10
Placebo ND ND ND ND ND ND ND ND
Hiperatividade/Hyperactivity =20+11 Hiperatividade/Hyperactivity=19+12
Irritabilidade/Irritability = 17+7,8 Irritabilidade/Irritability =13+7,7
Vitamina D/ Vitamin D ND ND ND ND ND ND ND ND
Hiperatividade/Hyperactivity=22+9,6 Hiperatividade/Hyperactivity=17+1
Mazahery et al.(2019a)
Irritabilidade/Irritability =14+8,0 Irritabilidade/Irritability =9,1+7,4
6mega-3/ omega-3 ND ND ND ND ND ND ND ND
Hiperatividade/Hyperactivity=17 + 9,2 Hiperatividade/Hyperactivity=14+8,8
Irritabilidade/Irritability =13+8,2 Irritabilidade/Irritability = 11+8,4
Vitamina D e 6mega-3 ND ND ND ND ND ND ND ND
Hiperatividade/Hyperactivity=21+12 Hiperatividade/Hyperactivity= 16+11
SRS=108+27 SRS=102+24
Placebo ND ND ND ND ND ND ND ND
SPM=112+26 SPM=104+27
SRS=101+24 SRS=90+30
Vitamina D/ Vitamin D ND ND ND ND ND ND ND ND
SPM=116+31 SPM=109+29
Mazahery et al. (2019b
SRS=99+25 SRS=82+29
6mega-3/ omega-3 ND ND ND ND ND ND ND ND
SPM=112+27 SPM=98+29
. . VLY T SRS=96+29 SRS=84+33
Vitamina D e 6mega 3§V|tam|nDand ND ND ND ND ND ND ND ND
omega- SPM=109+21 SPM=100+26
Meguid et al. (2022) Probidtico/ Probiotics CARS=32,68+0,94 ND ND CARS=28,94+0,84 - - - - - -
PedsQL=66,7+13,9
Controle/ Control Irritabilidade/Irritability =20,0+7,5 - - - - - - - - -
Hiperatividade/Hyperactivity =22,7+7,7
Nogay etal.(2021)
PedsQL 64,8+ 12,6 PedsQL 855+9,7
Dieta baixo em FODMAP/ Low-
FODMAP Irritabilidade/Irritability =17,6 +10,4 Irritabilidade/Irritability =13,4+7,8 - - - - - - - -
diet
Hiperatividade/Hyperactivity =188 + 13,0 Hiperatividade/Hyperactivity =16,0+12,5
Controle/ Control CARS=42,75+5,76 ND ND CARS=42,5+5,4 - - - - - -
CARS autismo leve a moderado/CARS CARS autismo leve a moderado/
Raghavan etal. (2021) mild to moderate autism 33,5+2,5 CARS mild to moderate autism 32,5+0,5
Nichi Glucan ND ND - - - - - -
CARS autismo grave/ CARS autismo grave/
CARS severe autism 43,71+4,80 CARS severe autism 40,1£5,96
ABC=61,47+25,15 ABC=-11,00£16,99 ABC=-2,92+16,10 ABC=-21,30+11,45 ABC=-11,73£25, ABC=1,00+14,97
Placebo ND ND ND -
Zimmerman et SRS-=116,59+18,04 SRS-=-9,73+15,9 SRS-=-9,75 +16,22 SRS-=-14,54 £15,60 SRS-=-19,90+23,13 SRS-=-4,75+14,34
al(2020) ABC=74,53 %2532 ABC=-2,00+18,68 ABC=-19,50£1847 ABC=-25,60 £24,41 ABC=-1291+18,15 ABC=-4,00+27,23
Sulforafano/ Sulforaphane ND ND ND -
SRS-=119,53 28,30 SRS=1,47+17,06 SRS=14,00+18,49 SRS=14,92+16,6 SRS=-14,20+16,67 SRS-=-7,00+10,61
ADOS-=13,16+6,18 ADOS=13,00+5,69
. . g s SCQ=14,78+4,22 SCQ=14,334+5,95
Dieta com Gluter;/l thuten containing ND ND ND ND ND ~ ~ R
€ ASRS=64,90+5,21 ASRS=63,59+11,40
Piwowarczyk et al. VABS-=19,17+7,06 VABS-=18,50+6,11
(2019) ADOS-=12,112483 ADOS-=11,38+596
SCQ=16,55+5,51 SCQ=13,85+4,94
Dietas Sem Gluten/ Gluten-free diet ND ND ND ND ND - - -

ASRS=67,09+10,06

VABS =20,11+6,21

ASRS=62,27+7,99

VABS-=17,57+6,57
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Renard et al (2020)

Placebo

ADOS=16,3+3,2

SRS=93,4+16,0

ND

ND

ADOS=159+3,7

SRS=85,5+16,3

Acido folinico/ Folinic Acid

ADOS=16,8+4,4

SRS=92,2+13,6

ND

ND

ADOS=14,0+5,0

SRS=839+14,6

Legenda/Legend:: 1 Aumento do indicador clinico em relagdo a avaliacao anterior; | Diminuicdo do indicador clinico em relagéo a avaliagdo anterior; ABC: Aberrant Behavior Checklist; ADI-R: Autism Diagnostic Interview — revised; ADOS: Autism Diagnostic Observation Schedule; ASRS: Autism Spectrum Rating Scales; ATEC: Autism Treatment Evaluation Checklist ; CARS: Childhood

Autism Rating Scale; ERC-Ill: Emotional Regulation Checklist ; F: Feminino; M: Masculino; OACIS: Ohio Autism Clinical Impressions Scale; PDDBI: Pervasive Developmental Disorders Behavior Inventory; PedsQL: Pediatric Quality of Life Inventory; SCQ: Social Communication Questionnaire; SDQ: Strengths and Difficulties Questionnaire; ; SPM: Sensory Processing Measure ; SRS: Escala de
Responsividade Social;VABS: Vineland Adaptative Behavior Scales; Grupo A: iniciou com a dieta normal e terminou com a dieta da GFCF(cada interveng¢do durante 6 meses); Grupo B: iniciou com a dieta GFCF e terminou com a dieta da normal (cada intervencao durante 6 meses); ND: Nao Definido/1 Increase in clinical indicator compared to previous assessment; | Decrease in
clinical indicator compared to previous assessment; ABC: Aberrant Behavior Checklist; ADI-R: Autism Diagnostic Interview — revised; ADOS: Autism Diagnostic Observation Schedule; ASRS: Autism Spectrum Rating Scales; ATEC: Autism Treatment Evaluation Checklist ; CARS: Childhood Autism Rating Scale; ERC-IIl: Emotional Regulation Checklist ; OACIS: Ohio Autism Clinical Impressions
Scale; PDDBI: Pervasive Developmental Disorders Behavior Inventory; PedsQL: Pediatric Quality of Life Inventory; SCQ: Social Communication Questionnaire; SDQ: Strengths and Difficulties Questionnaire; ; SPM: Sensory Processing Measure ; SRS: Social Responsive Scale VABS: Vineland Adaptative Behavior Scales; Grupo A: Started with a regular diet and then switched to a GFCF diet
(6 months each phase); Grupo B: Started with a GFCF diet and then switched to a regular diet (6 months each phase); ND: Not Described;
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