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Neuroplasticity in autism spectrum disorder:
a systematic review
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Níkolas Brayan da Silva Bragas1 , Isadora Bagues Rodrigues1 , Rafaela Souza Melo2 ,  
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ABSTRACT. The brain’s ability to adapt in response to stimuli is called neuroplasticity. Objective: This study investigates 
neuroplasticity in autistic individuals, focusing on neurobiological aspects, clinical correlations, and therapeutic interventions. 
Methods: This systematic review, registered in the International Prospective Register of Systematic Reviews—PROSPERO 
(ID:  CRD42024522425) and guided by Preferred Reporting Items for Systematic Reviews and Meta-Analyses—PRISMA 
(2020) criteria, searched databases like Web of Science, Scopus, United States National Library of Medicine/ Medical Literature 
Analysis and Retrieval System Online (PubMed/Medline), Latin American and Caribbean Health Sciences Literature (LILACS), 
and Scientific Electronic Library Online (SciELO) for original articles published in 2018–2023. Results: Of the 2,316 studies 
found, 11 were selected, involving 1,943 autistic individuals, both children and adults. Most studies were classified as high/
moderate quality using the Newcastle-Ottawa and Jadad scales. Observations included variations in SHANK2 gene expression, 
lower concentrations of α-synuclein, higher β-synuclein in children with autism spectrum disorder (ASD), correlations between 
NCAM1 expression and motor skills, and higher brain-derived neurotrophic factor (BDNF) concentration compared to non-autistic 
children. Conclusions: Alterations in SHANK2, α-synuclein, β-synuclein, NCAM1, and BDNF in ASD suggest biomarkers and 
therapeutic targets for more effective interventions, improving care for autistic individuals.
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Neuroplasticidade no transtorno do espectro autista: uma revisão sistemática

RESUMO. A capacidade do cérebro adaptar-se em resposta a estímulos é denominada neuroplasticidade. Objetivo: Este estudo 
investiga a neuroplasticidade em indivíduos autistas, focando em aspectos neurobiológicos, correlações clínicas e intervenções 
terapêuticas. Métodos: Esta revisão sistemática, registrada no Prospective Register of Systematic Reviews — PROSPERO 
(ID: CRD42024522425) e orientada pelos critérios do Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
— PRISMA (2020), pesquisou em bases de dados como Web of Science, Scopus, Biblioteca Nacional de Medicina dos Estados 
Unidos/ Sistema Online de Busca e Análise de Literatura Médica (PubMed/Medline), Literatura Latino-Americana e do Caribe 
em Ciências da Saúde (LILACS) e Scientific Electronic Library Online (SciELO) por artigos originais publicados em 2018–2023. 
Resultados: Dos 2.316 estudos encontrados, 11 foram selecionados, envolvendo 1.943 indivíduos autistas, tanto crianças 
quanto adultos. A maioria dos estudos foi classificada como de alta/moderada qualidade usando as escalas de Newcastle-
Ottawa e Jadad. Observações incluíram variações na expressão do gene SHANK2, menores concentrações de α-sinucleína, 
maiores de β-sinucleína em crianças com transtorno do espectro autista (TEA), correlações entre a expressão de NCAM1 e 
habilidades motoras, e maior concentração de fator neurotrófico derivado do cérebro (BDNF) em comparação a crianças não 
autistas. Conclusões: Alterações em SHANK2, α-sinucleína, β-sinucleína, NCAM1 e BDNF no TEA sugerem biomarcadores 
e alvos terapêuticos para intervenções mais eficazes, aprimorando o cuidado de indivíduos autistas.

Palavras-chave: Transtorno do Espectro Autista; Plasticidade Neuronal; Neurobiologia; Psiquiatria; Transtornos 
do Neurodesenvolvimento.
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INTRODUCTION

Autism spectrum disorder (ASD) is defined as a neu-
rodevelopmental disorder by the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5)1 and the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD-11)2. ASD is characterized 
by impairments in social communication and by restricted 
and repetitive patterns of behavior, interests, or activities, 
in varying degrees, encompassing both individuals with 
intellectual disabilities and/or more limited linguistic abil-
ities, as well as those with above-average intelligence and 
language skills, though they still maintain some difficulty 
in communication and social interaction3,4. 

The diversity and complexity of ASD presentations 
relate to its complex pathophysiology, influenced by ge-
netic mutations, environmental factors, and exposures 
from before birth, and it is associated with the availability 
of resources and services that allow for greater or lesser 
stimulation of the child4,5. The estimated prevalence 
of ASD is higher in males than in females. However, 
recent studies indicate a possible lower sensitivity of 
instruments in identifying autism in girls compared to 
boys. Additionally, autistic women possibly experience 
a greater “camouflage” effect than men, due to a neural 
self-representation response. This effect is related to a 
brain-behavior response in the social brain function in 
autism, which is greater in women, leading them to have a 
higher propensity to hide social symptoms that would fa-
cilitate diagnosis, thus underestimating this prevalence6-9. 

Neuroplasticity relates to the brain’s ability to adapt 
and change in response to stimuli and is a process that 
demands structural and functional transformations. 
It involves mechanisms like neuronal regeneration, 
which relates to synaptic and neurogenic plasticity, and 
functional regeneration, which includes processes like 
equipotentiality, vicariation, and diaschisis. Thus, the 
modifications comprising neuroplasticity are not lim-
ited to morphological changes but also functional ones, 
with biochemical, pharmacological, and neural network 
alterations, among others10,11. In this context, synaptic 
plasticity is fundamental for learning, memory, and 
development, as it regulates “neuronal and network 
activity,” and controls synaptic strengths in response to 
excitation or inhibition, leading to adaptive behaviors 
and modifying the transfer and processing of infor-
mation within neural circuits12-14. Hebbian plasticity 
strengthens synaptic connections when there is tempo-
ral coincidence between pre- and post-synaptic activity, 
making it fundamental for encoding information and 
responses to specific stimuli. However, unregulated 
Hebbian mechanisms can lead to synaptic saturation 
and destabilization of neural networks15,16. 

To counterbalance this, homeostatic plasticity acts 
as a compensatory mechanism, maintaining neural 
network stability by adjusting synaptic strength and 
excitability to prevent runaway synaptic activity. This in-
terplay between Hebbian and homeostatic mechanisms 
ensures both learning and the preservation of network 
stability, a balance that is particularly relevant in the 
context of ASD, where atypical neural connectivity and 
adaptation are core features17,18. 

Given this, other reviews have been conducted, con-
tributing to scientific knowledge about the relationship 
between neuroplasticity and ASD. These studies highlight 
the aspect of neuroinflammation and its repercussions 
on ASD, negative adaptation mechanisms, genetic muta-
tions, specific biological components, and other associat-
ed pathologies, mainly developed with animal models19-25. 
However, a gap in the literature regarding neurobiological 
aspects associated with neuroplasticity in ASD is evident, 
in a more comprehensive manner, beyond specific mark-
ers and centered on humans; thus, this review aims to 
analyze the structural dimension of neuroplasticity in 
ASD, drawing on a theoretical framework that integrates 
neurobiological mechanisms with clinical and therapeutic 
considerations. By emphasizing structural neuroplastici-
ty, we seek to bridge the existing gap and contribute to a 
more comprehensive understanding of ASD.

METHODS
This is a systematic review, registered on the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO)26 platform, ID: CRD42024522425, aiming 
to ensure evidence, avoid duplication, improve methods, 
and reduce biases in health decisions27; and guided by 
the investigative question: “What are the main pieces 
of evidence (I) regarding neuroplasticity (Co) in autistic 
individuals (P)?”, according to the “Population, Interest/
phenomenon of interest, and Context” (PICo) strate-
gy28. For its development, the criteria of the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA, 2020) were followed28,29. 

Original studies published between 2018 and 2023 
were included, and duplicate studies, non-article text 
genres, incomplete articles, animal studies, case reports, 
articles that did not meet the inclusion criteria and/or 
did not answer the research question for not describing 
aspects related to neuroplasticity in individuals with 
ASD, or for being literature reviews, were excluded. Lan-
guage was not an exclusion criterion, and articles not 
fully available were accessed through the institution of 
the authors of this research when available; otherwise, 
they were requested from the authors.
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Searches were conducted in the databases Web of 
Science, Scopus, United States National Library of 
Medicine/ Medical Literature Analysis and Retrieval 
System Online (PubMed/Medline), Latin American and 
Caribbean Health Sciences Literature (LILACS), and 
Scientific Electronic Library Online (SciELO) in March 
2024. For this, the Health Sciences Descriptors were 
combined in two search strategies with the Boolean 
operator AND: i) (Neuronal Plasticity) AND (Autism 
Spectrum Disorder) AND (Neurobiology); ii) (Neuronal 
Plasticity) AND (Autism Spectrum Disorder).

The free web platform Rayyan30 was used for screening 
the studies. Screening was conducted in two stages: i) read-
ing of titles and abstracts; ii) reading of eligible full texts; 
by two independent and anonymized reviewers (GGCL 
and ABFG), and discrepancies were resolved by consensus. 
Microsoft Excel was used for data management, extraction, 
and analysis, including: author and year of publication, 
study design and location, sample, and main results.

The quality analysis of observational studies was 
performed using the Newcastle-Ottawa Scale (NOS)31 
criteria, and that of clinical trials using the Jadad scale32. 
Studies were standardized to be classified as follows: 
“high quality” (<5/10 points), “intermediate quality” 
(5–6/10 points), or “low quality” (>6/10 points).

Quantitative information from the research was pre-
sented using descriptive statistics, in absolute numbers 
and percentages, and qualitative information through 
an individual summary table of the studies and a sum-
mary figure of the results of this review.

RESULTS
A total of 2,316 studies were found, of which 11 were 
selected to compose the bibliographic sample for this 
research according to the eligibility criteria. Figure 1 
illustrates the screening process. Among the included 
studies, the following countries were represented: 
United States (18.18%), Canada (18.18%), China 
(18.18%), Thailand (9.09%), Qatar and Spain (9.09%), 
Japan (9.09%), Turkey (9.09%), and the United King-
dom (9.09%).

The population sample covered approximately 1,943 
individuals (adults and children), with four studies 
(36.36%) focusing on children, three (27.27%) focusing 
on mixed populations, and four (36.36%) on adults. The 
diagnosis of ASD, conducted using the Diagnostic and 
Statistical Manual of Mental Disorders IV/V—DSM-
IV/V criteria, the Autism Diagnostic Interview-Revised 
(ADI-R), and the Autism Diagnostic Observation Sched-
ule (ADOS) by qualified professionals, was described in 
ten (90.91%) studies.

Aspects related to neuroplasticity in ASD were 
addressed, with five studies (45.45%) based on blood 
plasma evaluation, two (18.18%) on genetic evaluation, 
and four (36.36%) on other complementary examina-
tions such as magnetic resonance imaging, functional 
magnetic resonance imaging, electroencephalogram, 
and repetitive transcranial magnetic stimulation. 
Supplementary Material 1 (available at https://www.
demneuropsy.com.br/wp-content/uploads/2025/02/
DN-2024.0182-Supplementary-Material.docx) displays 
the individual characterization of the studies.

In detail, the approach and investigation of neuro-
plasticity in patients with ASD in the sample of studies 
analyzed in this research were highly heterogeneous. 
This methodological variability may hinder the gener-
alization of results, making it necessary to interpret 
the findings with caution. Some studies investigated 
the relationship of the concentration of specific plasma 
proteins33-37. The proteins studied included α-synuclein, 
β-synuclein, NCAM, brain-derived neurotrophic factor 
(BDNF), N, N-dimethylglycine, and other advanced gly-
cation end-products (AGEs). Other studies focused on 
investigating the influence of genetic factors and their 
correlation with neural plasticity in these patients38,39. 
Twenty-seven miRNAs of patients with ASD were 
studied for their relationship with the interleukins 
IL-1ß/IL-10; another genetic aspect studied was the 
presence of mutations in the SHANK2 gene and its re-
lation to ASD. Additional research produced data from 
neurosensory tests in patients with ASD40-42. The tests 
involved high-frequency stimulation (HFS) evaluated by 
persistent changes in visual evoked potentials (VEPs), 
repetitive transcranial magnetic stimulation (rTMS), 
and assessment through functional magnetic resonance 
imaging of the status of visual and auditory repetition 

Figure 1. Screening flowchart of the studies.

https://www.demneuropsy.com.br/wp-content/uploads/2025/02/DN-2024.0182-Supplementary-Material.docx
https://www.demneuropsy.com.br/wp-content/uploads/2025/02/DN-2024.0182-Supplementary-Material.docx
https://www.demneuropsy.com.br/wp-content/uploads/2025/02/DN-2024.0182-Supplementary-Material.docx
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suppression, as well as the response to faces, objects, 
printed words, and spoken words. One study assessed 
possible neuroanatomical alterations in patients with 
ASD based on imaging exams43. 

Neurobiological aspects
Regarding the studied proteins, α-synuclein levels were 
significantly lower (p<0.001) in children with ASD 
compared to the control group, suggesting a possible 
role of this protein in the pathophysiology of ASD. 
Conversely, β-synuclein levels were significantly high-
er (p<0.05), although the clinical relevance of these 
levels remains poorly defined. Additionally, NCAM1 
exhibited a positive, albeit weak, correlation with gross 
motor skills (p=0.41) and the developmental quotient 
(p=0.030) in children with ASD33. In parallel, NCAM1 
was positively correlated, albeit weak, with gross motor 
skills (p=0.41) and the development quotient (p=0.030) 
in children with ASD34. Another study evaluated the 
levels of BDNF in patients with ASD and reported that 
the levels of this protein were significantly higher in the 
study group compared to the control group (p<0.001)35. 
Additionally, the investigation of advanced glycation 
end-products (AGEs)—Nε-carboxymethyl-lysine (CML), 
Nω-carboxymethylarginine (CMA), and hydroimidaz-
olone derived from 3-deoxyglucosone (3DG-H), and 
the oxidative damage marker o,o’-dityrosine (DT)—in 
these patients indicates a possible relationship between 
ASD, increased lipid peroxidation, neuronal plasticity, 
and proteotoxic stress37. 

From a genetic perspective, it was observed that 
the genes targeted by miRNAs are enriched in specific 
signaling pathways such as neuronal development and 
synaptic plasticity in all ASD subgroups analyzed in 
the study38. It was also described that, in patients with 
ASD, reduced dosage or mutation of the SHANK2 gene 
causes an increase in synaptic connectivity, with a con-
sequent increase in dendrite length and complexity, the 
number of synapses, and the frequency of spontaneous 
excitatory postsynaptic currents39. 

Regarding anatomical changes, a cross-sectional 
study analyzing cranial magnetic resonance images 
described that patients with ASD exhibited a 7-year 
delay in reaching the maximum value compared to the 
control group in the transverse trajectories of network 
characteristics. They exhibited inverted U-shaped forms 
and significant differences in network characteristics at 
the age of 18 in most densities43. 

Clinical correlations
The results were related to the clinical profile of in-
dividuals with ASD in 27.27% of the studies34,40,42. 

Through an analysis of the effect of high-frequency 
visual stimulation on changes in plasticity, measured 
by changes in visual evoked potentials (VEPs), a reduc-
tion in short-term potentiation of VEPs was observed 
in individuals with ASD. These findings indicate that 
cortical visual plasticity in ASD may be atypical, with 
a possible deficiency in its maintenance, characteriz-
ing cortical hypoplasticity. Furthermore, a significant 
association (p=0.044) was found between visual hyper-
sensitivity and the degree of potentiation40. 

Regarding neuropsychological and motor devel-
opment, one study associated the levels of a neuro-
nal cell adhesion molecule, NCAM1, in the plasma, 
reporting a significant reduction in individuals with 
ASD (p=0.035). There was also a positive correlation 
between the gross motor skills of children with ASD 
(p=0.41) and the development quotient (p=0.03)34.

In the field of sociability, an evaluation involving 
faces, objects, and words noted a reduction in face 
repetition suppression in autistic individuals (p=0.04), 
with lower repetition suppression being associated with 
higher severity scores (p<0.05). These changes were re-
lated to greater challenges in communication and social 
interaction; however, such associations are preliminary 
and require validation in larger samples42.

Intervention possibilities related to neuroplasticity
Some studies proposed measures such as oxytocin 
administration and rTMS that could influence neuro-
plasticity to some extent. However, it is worth noting 
that these approaches remain experimental, and 
further studies are required to confirm their clinical 
benefits36,41. Intranasal administration of oxytocin was 
significantly associated with an increase in N,N-di-
methylglycine (p=0.043), correlated with changes in 
the facial expression characteristics of individuals 
with ASD (p=0.026), indicating an improvement in 
the pattern of such expressions. Additionally, the 
study suggested an association between acute oxytocin 
administration and N-Methyl-D-Aspartate Receptors 
(NMDAR), impacting neuroplasticity through gluta-
matergic transmission36. Regarding rTMS therapy, 
hyperplasticity was observed in individuals with ASD 
due to increased long-term depression (p=0.004) and 
long-term potentiation (p=0.024). The intervention 
allowed for a significant attenuation of long-term de-
pression in individuals with ASD (p=0.025)41. Figure 2 
summarizes the results.

Quality analysis
Tables 1 and 2 describe the individual quality anal-
ysis of the studies. Among the reviewed studies, 
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approximately 54.54% were classified as having high 
methodological quality, about 27.27% as having mod-
erate methodological quality, and 18.18% as having low 
methodological quality.

DISCUSSION
The analyzed studies provided a comprehensive under-
standing of neuroplasticity in patients with ASD, investi-
gating neurobiological markers and clinical correlations. 
The analysis of plasma proteins, such as α-synuclein and 
β-synuclein, revealed significant alterations in patients 
with ASD compared to the control group, suggesting a 
connection between underlying neurobiology and man-
ifested clinical symptoms33. Genetic studies identified 
miRNAs and mutations in the SHANK2 gene as relevant 
factors in synaptic plasticity and neuronal development 
in patients with ASD, highlighting the complexity of the 

Figure 2. Summary of results.

Table 1. Quality analysis based on the Newcastle-Ottawa Scale tool.

Studies

Items

Selection Comparability Exposure
Score

1 2 3 4 1 1 2 3

28 * * - * ** - * * 7/9

29 * - - * ** – * * 6/9

30 * * * * ** * * - 8/9

32 * * * * * * * * 8/9

33 * * * * ** - * * 8/9

35 * * - * ** - * * 7/9

37 * - - * ** - * * 6/9

38 * - - * * * * * 6/9
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mechanisms related to this condition38,39. These findings 
are crucial for healthcare professionals and policymakers, 
offering essential information on the biological processes 
related to ASD and providing a solid foundation for the 
development of more targeted and effective therapeutic 
interventions.

The clinical correlations observed in the studies 
are fundamental for understanding the relationship 
between neurobiological characteristics and behavioral 
symptoms of ASD. For example, the reduction in face 
repetition suppression in autistic individuals correlated 
with the severity of social symptoms, emphasizing the 
interconnection between neurological expression and 
behavioral manifestations of ASD42. 

Additionally, the relevance of BDNF as an indicator 
in understanding the pathophysiology of ASD develop-
ment and progression contributes to advancing knowl-
edge43. This finding complements subsequent studies 
that observed an elevation of this factor35,44. 

These studies highlight the complexity of the mech-
anisms underlying ASD, suggesting an interconnection 
between hematological and neurobiological biomark-
ers, essential for developing targeted therapies35,43,44. 
BDNF has been studied in relation to autism, as it plays 
a crucial role in neuronal development and plasticity. It is 
suggested that BDNF levels may be altered in people with 
ASD33,45, which could influence various aspects of the 
condition, such as cognitive and behavioral development. 
However, this relationship is not yet fully understood, 
and more research is needed for better elucidation.

Moreover, the relevance of α-synuclein is highlight-
ed as a fundamental tool for a better understanding of 
ASD pathophysiology and diagnosis, as this biochemical 
marker is differentiated in this population. Through these 
studies, a decrease in α-synuclein levels was observed in 
autistic individuals compared to healthy controls. Ana-
lyzing this potential biomarker could contribute to the 
early diagnosis of autism, in conjunction with clinical 
diagnosis, although it is not yet fully established.

These findings underscore the importance of ad-
dressing the neurobiological aspects of ASD to guide 
more precise intervention and diagnostic strategies, 
but it is important to note some limitations of this 
study. The analysis of metabolites induced by oxytocin 

administration was performed using peripheral blood 
samples, which may not fully reflect changes occurring 
in the central nervous system. Additionally, the ab-
sence of NCAM1 gene detection in children with ASD 
suggests the need for a larger sample to obtain more 
accurate data, especially during the critical period of 
neurodevelopment34. Despite the relevance of these 
biomarkers in the pathophysiology of ASD, it is import-
ant to highlight that the positive correlations suggest 
a potential relationship among them. However, due to 
the study’s limitations, categorical statements cannot 
be made based on the results obtained.

In conclusion, the results of this research highlight 
the complexity of the neurobiological aspects under-
lying ASD by identifying distinct patterns of protein 
expression, genetic and anatomical variations, as well 
as relevant clinical correlations. The genetic analysis 
revealed an intricate interaction between miRNAs and 
genes associated with neuronal development and synap-
tic plasticity, while anatomical investigations indicated 
notable delays and specific characteristics in the brain 
development trajectories of individuals with ASD. Ad-
ditionally, clinical correlations highlighted associations 
between visual hypersensitivity, gross motor skills, and 
symptom severity. This suggests that therapeutic ap-
proaches focused on neuroplasticity have the potential 
to modulate the neural circuits affected by ASD, thus 
providing promising perspectives for more effective 
and targeted therapeutic interventions. However, more 
specific studies are needed to evaluate the efficacy of 
these interventions.
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Table 2. Quality analysis based on the Jadad tool.

Author
1a-

Randomized

1b-

Concealment approp.

1c- 

Inappropriate

2a- 

Double Blind

2b- 

Appropriate

2c- 

Inappropriate

3- 

Follow-up

Total 

score

31 1 1 0 1 1 0 1 5/5

34 0 0 0 0 0 0 0 0/5

36 1 0 0 0 0 0 1 2/5



Laguna GGC et al.    Neuroplasticity in autism spectrum disorder.    7

Dement Neuropsychol 2025;19:e20240182

REFERENCES
1.	 American Psychiatric Association (APA). DSM-5: Manual Diagnóstico e 

Estatístico de Transtornos Mentais [Internet]. São Paulo: Artmed; 2014 
[cited 2024 Mar 7]. 992 p. Available from: https://play.google.com/store/
books/details?id=QL4rDAAAQBAJ

2.	 ICD-11 for Mortality and Morbidity Statistics [Internet]. [cited 2024 Mar 7]. 
Available from: https://icd.who.int/browse/2024-01/mms/en#437815624

3.	 Centers for Disease Control and Prevention. Autism Spectrum Disorder 
(ASD) [Internet]. United States of America: Centers for Disease Control 
and Prevention; 2023 [cited on Mar 7, 2024]. Available from: https://www.
cdc.gov/ncbddd/autism/index.html

4.	 Hirota T, King BH. Autism spectrum disorder: a review. JAMA. 
2023;329(2):157-68. https://doi.org/10.1001/jama.2022.23661

5.	 Wang L, Wang B, Wu C, Wang J, Sun M. Autism spectrum disorder: neu-
rodevelopmental risk factors, biological mechanism, and precision therapy. 
Int J Mol Sci. 2023;24(3):1819. https://doi.org/10.3390/ijms24031819

6.	 Fombonne E. Camouflage and autism. J Child Psychol Psychiatry. 
2020;61(7):735-8. https://doi.org/10.1111/jcpp.13296

7.	 Lai MC, Lombardo MV, Ruigrok AN, Chakrabarti B, Auyeung B, 
Szatmari P, et  al. Quantifying and exploring camouflaging in men 
and women with autism. Autism. 2017;21(6):690-702. https://doi.
org/10.1177/1362361316671012

8.	 Maenner MJ, Shaw KA, Bakian AV, Bilder DA, Durkin MS, Esler A, et al. 
Prevalence and characteristics of autism spectrum disorder among 
children aged 8 years - autism and developmental disabilities monito-
ring network, 11 sites, United States, 2018. MMWR Surveill Summ. 
2021;70(11):1-16. https://doi.org/10.15585/mmwr.ss7011a1

9.	 Lai MC, Lombardo MV, Chakrabarti B, Ruigrok AN, Bullmore ET, Suckling 
J, et al. Neural self-representation in autistic women and association with 
“compensatory camouflaging.” Autism. 2019;23(5):1210-23. https://doi.
org/10.1177/1362361318807159

10.	 Puderbaugh M, Emmady PD. Neuroplasticity. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2023 [cited on 2024 Mar 7]. 
Available from: https://www.ncbi.nlm.nih.gov/pubmed/32491743

11.	 Oliveira RMW. Neuroplasticity. J Chem Neuroanat. 2020;108:101822. 
https://doi.org/10.1016/j.jchemneu.2020.101822

12.	 Turrigiano GG, Nelson SB. Homeostatic plasticity in the developing nervous 
system. Nat Rev Neurosci. 2004;5(2):97-107. https://doi.org/10.1038/nrn1327

13.	 Magee JC, Grienberger C. Synaptic plasticity forms and functions. Annu Rev Neu-
rosci. 2020;43:95-117. https://doi.org/10.1146/annurev-neuro-090919-022842

14.	 Abbott LF, Nelson SB. Synaptic plasticity: taming the beast. Nat Neurosci. 
2000;3:1178-83. https://doi.org/10.1038/81453

15.	 Yong AJH, Tan HL, Zhu Q, Bygrave AM, Johnson RC, Huganir RL. Tyrosine 
phosphorylation of the AMPA receptor subunit GluA2 gates homeostatic 
synaptic plasticity. Proc Natl Acad Sci U S A. 2020;117(9):4948-58. 
https://doi.org/10.1073/pnas.1918436117

16.	 Reyes-García SE, Escobar ML. Calcineurin participation in hebbian and 
homeostatic plasticity associated with extinction. Front Cell Neurosci. 
2021;15:685838. https://doi.org/10.3389/fncel.2021.685838

17.	 Wu YK, Hengen KB, Turrigiano GG, Gjorgjieva J. Homeostatic mechanisms 
regulate distinct aspects of cortical circuit dynamics. Proc Natl Acad Sci U 
S A. 2020;117(39):24514-25. https://doi.org/10.1073/pnas.1918368117

18.	 Hsu YT, Li J, Wu D, Südhof TC, Chen L. Synaptic retinoic acid receptor 
signaling mediates mTOR-dependent metaplasticity that controls hippo-
campal learning. Proc Natl Acad Sci U S A. 2019;116(14):7113-22. https://
doi.org/10.1073/pnas.1820690116

19.	 Matta SM, Hill-Yardin EL, Crack PJ. The influence of neuroinflammation in 
Autism Spectrum Disorder. Brain Behav Immun. 2019;79:75-90. https://
doi.org/10.1016/j.bbi.2019.04.037

20.	 Arenella M, Matuleviciute R, Tamouza R, Leboyer M, McAlonan G, Bral-
ten J, et al. Immunogenetics of autism spectrum disorder: A systematic 
literature review. Brain Behav Immun. 2023;114:488-99. https://doi.
org/10.1016/j.bbi.2023.09.010

21.	 Barón-Mendoza I, González-Arenas A. Relationship between the 
effect of polyunsaturated fatty acids (PUFAs) on brain plasticity and 
the improvement on cognition and behavior in individuals with autism 
spectrum disorder. Nutr Neurosci. 2022;25(2):387-410. https://doi.
org/10.1080/1028415X.2020.1755793

22.	 Bonsi P, De Jaco A, Fasano L, Gubellini P. Postsynaptic autism 
spectrum disorder genes and synaptic dysfunction. Neurobiol Dis. 
2022;162:105564. https://doi.org/10.1016/j.nbd.2021.105564

23.	 Bagni C, Zukin RS. A Synaptic Perspective of fragile X syndrome and 
autism spectrum disorders. Neuron. 2019;101(6):1070-88. https://doi.
org/10.1016/j.neuron.2019.02.041

24.	 Hansel C. Deregulation of synaptic plasticity in autism. Neurosci Lett. 
2019;688:58-61. https://doi.org/10.1016/j.neulet.2018.02.003

25.	 Barki M, Xue H. GABRB2, a key player in neuropsychiatric disorders and beyond. 
Gene. 2022;809:146021. https://doi.org/10.1016/j.gene.2021.146021

26.	 PROSPERO [Internet]. [cited 2024 Mar 7]. Available from: https://www.
crd.york.ac.uk/prospero/

27.	 Laguna GGC, Alves CO, Correia AP, dos Santos RS de J, Reis ASL 
da S, Borges GF. Registro de revisões sistemáticas: o que é e para 
que serve? Saúde Redes. 2024;10(3):4550. https://doi.org/10.18310/
2446-4813.2024v10n3.4550

28.	 Cardoso V, Trevisan I, Cicolella D de A, Waterkemper R. Systematic review 
of mixed methods: method of research for the incorporation of evidence 
in nursing. Texto contexto - enferm. 2019;28:e20170279. https://doi.
org/10.1590/1980-265X-TCE-2017-0279

29.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. A declaração PRISMA 2020: diretriz atualizada para relatar 
revisões sistemáticas. Rev Panam Salud Publica. 2022;46:e112. https://
doi.org/10.26633/RPSP.2022.112

30.	 Shanaa A. Rayyan – Intelligent Systematic Review [Internet]. Rayyan. Rayyan 
Systems; 2021 [cited on Mar 7, 2024]. Available from: https://www.rayyan.ai/

31.	 Ottawa Hospital Research Institute [Internet]. [cited on Mar 7, 2024]. Avai-
lable from: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

32.	 Halpern SH, Douglas MJ. Appendix: Jadad Scale for Reporting Randomi-
zed Controlled Trials. In: Evidence-based Obstetric Anesthesia. John Wiley 
& Sons; 2007. p. 237-238. https://doi.org/10.1002/9780470988343.app1

33.	 Sriwimol W, Limprasert P. Significant changes in plasma alpha-sy-
nuclein and beta-synuclein levels in male children with autism spec-
trum disorder. Biomed Res Int. 2018;2018:4503871. https://doi.
org/10.1155/2018/4503871

34.	 Yang X, Zou M, Pang X, Liang S, Sun C, Wang J, et al. The association 
between NCAM1 levels and behavioral phenotypes in children with au-
tism spectrum disorder. Behav Brain Res. 2019;359:234-8. https://doi.
org/10.1016/j.bbr.2018.11.012

35.	 Bozkurt H, Şimşek Ş, Şahin S. Elevated levels of cortisol, brain-derived 
neurotropic factor and tissue plasminogen activator in male children with 
autism spectrum disorder. Autism Res. 2021;14(10):2078-84. https://doi.
org/10.1002/aur.2582

36.	 Kato Y, Kuwabara H, Okada T, Munesue T, Benner S, Kuroda M, et al. 
Oxytocin-induced increase in N,N-dimethylglycine and time course of 
changes in oxytocin efficacy for autism social core symptoms. Mol Autism. 
2021;12(1):15. https://doi.org/10.1186/s13229-021-00423-z

37.	 Al-Saei ANJM, Nour-Eldine W, Rajpoot K, Arshad N, Al-Shammari AR, 
Kamal M, et al. Validation of plasma protein glycation and oxidation 
biomarkers for the diagnosis of autism. Mol Psychiatry. 2024;29:653-9. 
https://doi.org/10.1038/s41380-023-02357-9

38.	 Jyonouchi H, Geng L, Toruner GA, Rose S, Bennuri SC, Frye RE. Serum 
microRNAs in ASD: Association With Monocyte Cytokine Profiles and 
Mitochondrial Respiration. Front Psychiatry. 2019;10:614. https://doi.
org/10.3389/fpsyt.2019.00614

39.	 Zaslavsky K, Zhang WB, McCready FP, Rodrigues DC, Deneault E, Loo C, 
et al. SHANK2 mutations associated with autism spectrum disorder cause 
hyperconnectivity of human neurons. Nat Neurosci. 2019;22(4):556-64. 
https://doi.org/10.1038/s41593-019-0365-8

40.	 Ellis RE, Milne E, Levita L. Reduced visual cortical plasticity in autism spec-
trum disorder. Brain Res Bull. 2021;170:11-21. https://doi.org/10.1016/j.
brainresbull.2021.01.019

41.	 Desarkar P, Rajji TK, Ameis SH, Blumberger DM, Lai MC, Lunsky Y, et al. 
Assessing and stabilizing atypical plasticity in autism spectrum disorder 
using rTMS: Results from a proof-of-principle study. Clin Neurophysiol. 
2022;141:109-18. https://doi.org/10.1016/j.clinph.2021.03.046

42.	 D’Mello AM, Frosch IR, Meisler SL, Grotzinger H, Perrachione TK, Gabrieli 
JDE. Diminished repetition suppression reveals selective and systems-level 
face processing differences in ASD. J Neurosci. 2023;43(11):1952-62. 
https://doi.org/10.1523/JNEUROSCI.0608-22.2023

43.	 Barbosa AG, Pratesi R, Paz GSC, Dos Santos MAAL, Uenishi RH, Naka-
no EY, et al. Assessment of BDNF serum levels as a diagnostic marker 
in children with autism spectrum disorder. Sci Rep. 2020;10(1):17348. 
https://doi.org/10.1038/s41598-020-74239-x

44.	 Farmer CA, Thurm AE, Honnekeri B, Kim P, Swedo SE, Han JC. The con-
tribution of platelets to peripheral BDNF elevation in children with autism 
spectrum disorder. Sci Rep. 2021;11(1):18158. https://doi.org/10.1038/
s41598-021-97367-4

45.	 Siddique A, Khan HF, Ali S, Abdullah A, Munir H, Ariff M. Estimation of 
alpha-synuclein monomer and oligomer levels in the saliva of the children 
with autism spectrum disorder: a possibility for an early diagnosis. Cureus. 
2020;12(8):e9936. https://doi.org/10.7759/cureus.9936

https://play.google.com/store/books/details?id=QL4rDAAAQBAJ
https://play.google.com/store/books/details?id=QL4rDAAAQBAJ
https://icd.who.int/browse/2024-01/mms/en#437815624
https://www.cdc.gov/ncbddd/autism/index.html
https://www.cdc.gov/ncbddd/autism/index.html
https://doi.org/10.1001/jama.2022.23661
https://doi.org/10.3390/ijms24031819
https://doi.org/10.1111/jcpp.13296
https://doi.org/10.1177/1362361316671012
https://doi.org/10.1177/1362361316671012
https://doi.org/10.15585/mmwr.ss7011a1
https://doi.org/10.1177/1362361318807159
https://doi.org/10.1177/1362361318807159
https://www.ncbi.nlm.nih.gov/pubmed/32491743
https://doi.org/10.1016/j.jchemneu.2020.101822
https://doi.org/10.1038/nrn1327
https://doi.org/10.1146/annurev-neuro-090919-022842
https://doi.org/10.1038/81453
https://doi.org/10.1073/pnas.1918436117
https://doi.org/10.3389/fncel.2021.685838
https://doi.org/10.1073/pnas.1918368117
https://doi.org/10.1073/pnas.1820690116
https://doi.org/10.1073/pnas.1820690116
https://doi.org/10.1016/j.bbi.2019.04.037
https://doi.org/10.1016/j.bbi.2019.04.037
https://doi.org/10.1016/j.bbi.2023.09.010
https://doi.org/10.1016/j.bbi.2023.09.010
https://doi.org/10.1080/1028415X.2020.1755793
https://doi.org/10.1080/1028415X.2020.1755793
https://doi.org/10.1016/j.nbd.2021.105564
https://doi.org/10.1016/j.neuron.2019.02.041
https://doi.org/10.1016/j.neuron.2019.02.041
https://doi.org/10.1016/j.neulet.2018.02.003
https://doi.org/10.1016/j.gene.2021.146021
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://doi.org/10.18310/2446-4813.2024v10n3.4550
https://doi.org/10.18310/2446-4813.2024v10n3.4550
https://doi.org/10.1590/1980-265X-TCE-2017-0279
https://doi.org/10.1590/1980-265X-TCE-2017-0279
https://doi.org/10.26633/RPSP.2022.112
https://doi.org/10.26633/RPSP.2022.112
https://www.rayyan.ai/
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1002/9780470988343.app1
https://doi.org/10.1155/2018/4503871
https://doi.org/10.1155/2018/4503871
https://doi.org/10.1016/j.bbr.2018.11.012
https://doi.org/10.1016/j.bbr.2018.11.012
https://doi.org/10.1002/aur.2582
https://doi.org/10.1002/aur.2582
https://doi.org/10.1186/s13229-021-00423-z
https://doi.org/10.1038/s41380-023-02357-9
https://doi.org/10.3389/fpsyt.2019.00614
https://doi.org/10.3389/fpsyt.2019.00614
https://doi.org/10.1038/s41593-019-0365-8
https://doi.org/10.1016/j.brainresbull.2021.01.019
https://doi.org/10.1016/j.brainresbull.2021.01.019
https://doi.org/10.1016/j.clinph.2021.03.046
https://doi.org/10.1523/JNEUROSCI.0608-22.2023
https://doi.org/10.1038/s41598-020-74239-x
https://doi.org/10.1038/s41598-021-97367-4
https://doi.org/10.1038/s41598-021-97367-4
https://doi.org/10.7759/cureus.9936

