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Abstract

:

Autism spectrum disorder (ASD) is the most common neurodevelopmental disorder with a huge prevalence increasing every year (1/44 children). Still diagnosed as a mental disorder, the last 10 years of research found possible causes, risks, genetics, environmental triggers, epigenetics, metabolic, immunological, and neurophysiological unbalances as relevant aetiology. Umbrella methodology is the highest level of scientific evidence, designed to support clinical and political decisions. A literature search for autism aetiology, pathophysiology, or causes, conducted in the last 10 years, at PubMed, Embase, Cochrane, Scopus, and the Web of Science, resulted in six umbrella reviews. Nevertheless, only one quantitative analysis reported risk factors and biomarkers but excluded genetics, experiments on animal models, and post-mortem studies. We grouped ASD’s multi-factorial causes and risks into five etiological categories: genetic, epigenetic, organic, psychogenic, and environmental. Findings suggest that autism might be evaluated as a systemic disorder instead of only through the lens of mental and behavioural. The overview implications of included studies will be qualitatively analysed under ROBIS and GRADE tools. This umbrella review can provide a rational basis for a new urgent health policy to develop better and adequate integrated care services for ASD. The methodological protocol has the register CRD42022348586 at PROSPERO.
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1. Introduction


1.1. Autism Spectrum Disorder


Autism spectrum disorder (ASD) is the most common neurodevelopmental disorder, affecting 1/44 children in 2018 [1,2]. It is diagnosed as a mental disease, but research from the last 10 years reports more and more biological causes. Autism costs an estimated USD 3.2 million [3] in a lifetime per child, according to the Centers for Disease Control and Prevention in the USA [1].



ASD is a behavioural condition with mental implications, according to the criteria defined in the Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-5; APA 2013). It is diagnosed by impairments in social communication or the presence of restricted or repetitive behaviours/interests, or both. Diagnosis is made according to classification systems. Tests to diagnose ASD have been developed using a parent or caregiver interview, child observation, or a combination of both, being the so-called validated psychometric scales [4]. Despite that, research advancements confirm that ASD aetiology is multifactorial.




1.2. Genetic Aetiology


A systematic review of sex differentiation found interesting links between risk genes and the potential role of estrogens as modulators of biological pathways in ASD, and highlights relevant molecular and cellular pathways downstream of estrogen signaling as potential avenues for further investigation [5].



Moreover, environmental and genetic risk factors, such as maternal exposure to pesticides [6,7] and women aged above 35 years old [8], may intensify vulnerability to oxidative stress [8,9,10,11].




1.3. Epigenetic Aetiology


So, the development of ASD pathogenesis and clinical symptoms are probably connected to increased oxidative stress.



Oxidative stress at a membrane level, the antioxidant products involved in the defense system against reactive oxygen species (ROS), the detoxifying agents (like glutathione), and the products of lipid peroxidation, are some of the studied epigenetic possible causes. Other studies indicate some alterations in the antioxidant enzymes activities may be involved, such as superoxide dismutase, glutathione peroxidase, and catalase [5,12,13]. It is also suggested that there can be alterations in homocysteine/methionine metabolism and glutathione levels, mitochondrial and immune dysfunction, excitotoxicity, as well as increased inflammation [8,9].



Furthermore, increased oxidative stress seems to be linked to the development of ASD in terms of both pathogenesis and clinical symptoms. On the other hand, antioxidant supplementation, or ways to improve the altered metabolite levels in the interconnected transmethylation and transsulfuration pathways, has been associated with decreased autistic behaviours and severity [12].



Darko Sarovic recently proposed a “unifying theory for Autism” focusing on the interaction between exogenous and immunological burdens affecting ASD people, and concluded by applying the framework of a pathogenic triad to the scientific literature. It proposes a deconstruction of autism into three contributing features: (1) an autistic personality dimension; (2) cognitive compensation; and (3) neuropathological risk factors. It delineates how they interact to cause a maladaptive behavioural phenotype [14].




1.4. Organic Aetiology


Research concerning biochemical biomarkers [15,16] reported immune system alterations [17], mitochondrial function [18,19], and, oxidative stress pathways [12], as common issues in ASD. In the last years, special attention to gut dysbiosis, microbiota imbalances/abnormal pathogenic bacterial proliferation, and interaction with brain disorders, has been increasing. Indeed, some authors are so convinced about the huge influence of the “gut-brain axis” over emotions, behaviour, biochemical, and neurophysiological regulation, that they name the gut the “second brain” [20,21]. The U.S.A. medical emergency services often diagnose a bacterial predisposed psychiatric disease known as PANDAS (Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections) characterized mostly by sudden behaviour alterations/OCD (obsessive-compulsive and/or tic disorder) after streptococcal (strep) infection, such as strep throat or scarlet fever [6,22,23]. This indicates a strong interdependent two-way link between gut and behaviour, thus relevant enough to inspire deeper research about the path-ways involved.



These changes in the mechanisms of absorption, or the permeability of the intestinal epithelial mucosa, can lead to an inflow of toxic or foreign organic or inorganic substances causing changes in immunological or metabolic defenses. That can ultimately affect the nerve pathways at the level of the large gastrointestinal nervous complex, or extend directly or indirectly to the central nervous system [24,25].




1.5. Psychogenic Aetiology


In terms of brain electrophysiology, autism has been characterized by atypical task-related brain activation and functional connections, coinciding with deficits in socio-communicative abilities [26] and several neurotransmitter systems [27,28].



The endocannabinoid system is a hot topic on mental disorders pathways; an interesting review indicates overlapping bio-behavioural aberrancies between autism and schizophrenia. In addition, common cannabinoid-based pharmacological strategies have been identified, exerting epigenetic effects across genes and controlling neural mechanisms [29].




1.6. Environmental Aetiology


People with ASD are exposed to the negative effects of chemical and environmental risks, such as aluminium from food packaging and cadmium from air pollution [7]. Since several studies report that ASD people struggle to eliminate toxins from the body, there may be an increased probability of a positive effect from taking antioxidant supplements [24,25].




1.7. Future Steps for Integrated Care Services


Searching the literature for umbrella reviews about possible causes, pathological pathways, and/or aetiology of ASD, the authors obtained six papers related to umbrella methodology on this topic. Nevertheless, only one is aetiology concerned. That review quantitively analyzed biomarkers and risk factors but excluded genetics and experiments in animal models, as well as in vitro and postmortem studies. As the authors decided on these exclusions, a big part of recent research contributing to the understanding of ASD pathways was not reported. Moreover, several possible biomarkers are not described because studies with less than 1000 participants were considered insignificant. The main conclusion of this study was that pre-maternal obesity, metabolic, circulatory, and psychiatric disorders (such as depression and anxiety or the pre-pregnant use of antidepressant drugs, such as serotonin recaption inhibitors, as a confounding factor) are correlated with more ASD newborns [30].



Despite all the recent holistic frameworks, ASD is still being clinically addressed as a mental disorder, leading to treatment mostly based on cognitive behaviour-based therapies. These seem to be effective, however, only when given many hours (e.g., 40 h/week for ABA Therapy) [31].



Pervasive neurodevelopmental diseases dramatically increased over the last decades and most of the available therapies are, as mentioned above, tailored to modulate behaviour, support emotional regulation, and change environmental contexts to be more autistic friendly. The extreme relevance of all these validated therapies is undiscussable; however, they work mostly outside-oriented. Many international evidence-based clinical practice guideline programs have highlighted ASD as one of the top health priorities [32].



Pragmatic awareness and clinical staff education about organic/systemic aetiology need to be urgently discussed in order to define an updated and integrative therapeutic approach.



With this neurodevelopment disorder’s prevalence increasing, it is vital that we change the way of looking into it. The knowledge of risks, causes, biomarkers, and all the already discovered pathophysiology mechanisms in the last years, contributes to a great improvement in ASD aetiology understanding. Nevertheless, politicians, decision-makers, and clinicians need to have access to this information. This review intends to highlight an important summary to help them to act faster. To effectively ameliorate ASD people’s quality of life and to reduce family/caregiver stress related to the management of autism-challenging behaviours, this umbrella review evidence report aims to provide a rational basis to contribute to new health policies and better-integrated care.





2. Materials and Methods


This protocol was developed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) guidelines. Following these guidelines, the present umbrella review protocol has been registered in the International Prospective Register of Systematic Reviews with CRD42022348586. Protocol amendments will be documented in PROSPERO. The procedures, steps, team, and tasks of the umbrella review, to which this protocol refers, are shown in Figure 1.



2.1. Search Strategy


2.1.1. Database Search


Five independent researchers will search Pubmed, Embase, Cochrane, Scopus, and the Web of Science databases for the last three years of published meta-analysis and systematic reviews. Although we will filter publishing dates to 2020, 2021, and 2022, data extracted will be exclusively from meta-analysis and systematic reviews, and the study methodologies report enough information regarding, at least, the last 10 years of findings.



The PICOT (population, issue/intervention, conditions, outputs, and timeframe) assessment of objectives was performed to assure keywords and commands are enough to retrieve significant data, as reported in Table 1.



Endnote references software will be used to export and format all the citations. Duplicate references will be automatically selected and deleted.




2.1.2. Search Terms


The following keywords will be searched: (autism, ASD) AND (a*etiology, causes, association*(s), risk factors, biomarkers, pathophysiology, pathogenesis, pathological mechanism*(s), and pathway*(s)).



Filters: last three years of the publication date, only meta-analysis, and systematic reviews as methodological designs. In the PubMed database to ensure that only those two designs are searched, we will use the command ‘systematic[sb]’.





2.2. Eligibility Criteria


2.2.1. Study Design


This study protocol is a review of reviews design using qualitative analysis. This design type is the highest level of evidence and is best known as the umbrella review [33,34].




2.2.2. Inclusion/Exclusion Criteria


In this methodology, only meta-analysis and systematic reviews are accepted for inclusion.



To answer our objectives, reviews addressing the possible causes and aetiology of autism spectrum disorders are eligible. ASD people, genetics, experiments in animal models, postmortem, as well as in vitro studies, were to be included.



Other review types (not systematic) and isolated clinical trials will be excluded. Systematic reviews or meta-analyses that do not bring any clear etiological insight related to ASD, or are not published in English full text, will be also excluded.




2.2.3. Study Selection


The study selection is to be handled in EndNote and in the intelligent systematic review software program named Rayyan. The first author will perform the initial search and the removal of duplicates. In all the identified publications, five independent researchers, in blinded mode, will carry out a screening of titles and abstracts for inclusion and exclusion criteria. If the eligibility of the publication is unsure, the publication must be identified with a maybe tag on the Rayyan software and should be enrolled in the next selection step, to be decided by all the researchers in the final selection meeting. All papers identified as potentially relevant by at least one researcher must be retrieved in full text and assessed for eligibility by the four other independent researchers. In case of disagreement, the five researchers discuss it and, if necessary, a senior invited researcher might be included in the final decision.



Finally, the reference lists of the included publications are manually screened to identify manuscripts which are eligible, according to the inclusion criteria. If both an original version and an updated version of a systematic review are identified, both papers should be included and discussed in the umbrella review. In our review of reviews, a PRISMA flow diagram was to show the selection flow and the number of included publications.




2.2.4. Data Extraction


Citations saved at EndNote software will be exported in RIS format and uploaded to a Rayyan shared folder. The Rayyan software was chosen to decide under a blinded methodology between the five researchers on the inclusion and exclusion of articles after title, keywords, and abstract reading individually.



Disagreements are to be solved at a meeting between all researchers.



To summarize the process, a PRISMA flowchart presenting the sequence of manuscripts selected at each screening level will be included according to the procedures of several authors, such as Catallo et al., 2022 [35].



After the selection of articles according to eligibility criteria, they will be randomly distributed among the five researchers for full reading and qualitative analysis.



A shared excel table, exported from Rayyan and automatically screening including: (a) citation, (b) title, (c) abstract, and (d) classification (1 to 5 stars), according to a significance level of keywords of inclusion, must be completed per article with a summary of evidence to extract.




2.2.5. Assessment of Methodological Quality


To avoid quality assessment bias, the ROBIS tool for umbrella reviews will be used. A checklist of ROBIS questions should be provided to the five researchers for bias risk and the quality control of each article included in the final report [36].



Three researchers were to screen and judge the quality of each selected review or meta-analysis, according to GRADE guidelines using the GRADEpro GDT software from McMaster University and Evidence Prime (2022) to generate, record, and publish the following tables: evidence profile; a summary of findings; evidence to decision framework and an interactive summary of findings. This is a grading system to reduce bias by methodological qualifying findings as very low, low, moderate, or high evidence [37].




2.2.6. Results


From the five databases searched, 9911 registers were obtained. After EndNote duplicates removal, 663 records remain. Applying Rayyan’s ineligible automation tool, 442 references were excluded and 241 were included at level 1 screening.



Research results will be presented in a complete PRISMA flowchart. To date, two, of the five researchers completed the first level of blinded screening at Rayyan software. Researcher 1 included 189 articles but researcher 2 selected only 159 papers. Those previous results are reported in Figure 2, a PRISMA flowchart.



Tables for synthesis presenting each of the five etiologic categories will be carried out according to the GRADE summary of findings guidelines, like the example in Table 2. A biorender picture must be designed to summarize pathways and physiological mechanisms implicated in ASD development. If moderate to high GRADEs of evidence are founded, evidence to decision framework tables was to be also included [37].



Figure 3 schematic presents our proposal for the arrangement of Results in five etiologic categories.






3. Discussion


The literature reports several advantages regarding this type of protocol publishing: (a) increased clarity surrounding systematic review conduct and reporting [33,38]; (b) it helps to reduce the bias of “positive” reviews selection; and (c) avoids the duplication of the research team’s efforts by making protocol publicly available, while conducting with more time the umbrella review.



In a study where five researchers independently search for the same criteria, it is highly important to precisely define, step by step, objectives, methodology, search strategy, filters, and resources. For that purpose, a protocol is a useful guideline. Moreover, other researchers might benefit from accessing this kind of publication to help structure methodological reproducibility for umbrella reviews in mental or psychiatric conditions [39,40]. Even though the definition of research questions, population, outputs, and timeframe, are well described in the PICOT table, in previous protocols, researchers report a moderate level of disagreement about which articles to include or exclude [35]. This suggests that reliability across researchers should be improved after further meetings to discuss disagreements under this protocol application



Results have to be discussed with the methodological quality assessment guided by the ROBIS and GRADE tools [36,37].



The umbrella review should provide a high-level field synthesis and discuss the results from systematic reviews and meta-analyses for each possible risk or cause of autism spectrum disorder. Pathways and pathological mechanisms identified in the included systematic reviews and meta-analyses must be equally described and addressed.



We will also focus on several suggestions of therapeutic and treatment options to address the aetiology discussed in the systematic reviews and meta-analysis.



The authors hope that this umbrella review might contribute to helping decision-makers, politicians, and clinicians, to address the urgent restructuration of ASD diagnosis with consequently more effective tailor-made care services.




4. Conclusions


ASD is a complex multifactorial disorder. In the last decade, there have been huge findings concerning genetic, epigenetic, organic/immunological deficits, and chemical/environmental burdens as evident causes of neuro-inflammation arouse.



A framework of evidence is urgently needed as a clinical and political decision-making tool.







Author Contributions


Conceptualization, L.T.L.; methodology L.T.L.; software, L.T.L., Z.C.A. and J.M.R.; validation, C.B., M.A., V.R. and K.O.; formal analysis, L.T.L. and Z.C.A.; investigation, L.T.L., C.B., M.A., V.R. and K.O.; resources, L.T.L. and J.M.R.; data curation, L.T.L., J.M.R. and Z.C.A. writing—L.T.L.; writing—review and editing, L.T.L. and Z.C.A.; visualization, L.T.L., J.P.M., J.M.R., C.B., M.A., V.R. and K.O.; supervision, Z.C.A. and J.P.M.; project administration, L.T.L. and J.M.R. All authors have read and agreed to the published version of the manuscript.




Funding


Zélia Anastácio acknowledges the support by Portuguese national funds through the FCT (Foundation for Science and Technology) within the framework of the CIEC (Research Center on Child Studies of the University of Minho) project under the reference UIDB/00317/2020.




Data Availability Statement


Lara Lopes, Jorge Rodrigues, Celeste Baccarin, Victor Ribeiro, Manuela Abreu, Zélia Caçador, Jorge Machado. Autism Spectrum Disorder (ASD) aetiology: an umbrella review. PROSPERO 2022 CRD42022348586 Available from: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022348586 (accessed on 30 October 2022).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Zablotsky, B.; Black, L.I.; Maenner, M.J.; Schieve, L.A.; Blumberg, S.J. Estimated Prevalence of Autism and Other Developmental Disabilities Following Questionnaire Changes in the 2014 National Health Interview Survey. Natl. Health Stat. Rep. 2015, 87, 1–20. [Google Scholar]

	



Maenner, M.J.; Shaw, K.A.; Bakian, A.V.; Bilder, D.A.; Durkin, M.S.; Esler, A.; Furnier, S.M.; Hallas, L.; Hall-Lande, J.; Hudson, A. Prevalence and Characteristics of Autism Spectrum Disorder Among Children Aged 8 Years—Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2018. MMWR CDC Surveill. Summ. 2021, 2021, 1–16. [Google Scholar] [CrossRef] [PubMed]

	



Amendah, D.; Grosse, S.D.; Peacock, G.; Mandell, D.S. The Economic Costs of Autism: A Review; Amaral, D., Geschwind, D., Dawson, G., Eds.; Oxford University Press: Oxford, UK, 2011; p. 1347. [Google Scholar]

	



Han, G.T.; Trevisan, D.A.; Abel, E.A.; Cummings, E.M.; Carlos, C.; Bagdasarov, A.; Kala, S.; Parker, T.; Canapari, C.; McPartland, J.C. Associations between sleep problems and domains relevant to daytime functioning and clinical symptomatology in autism: A meta-analysis. Autism Res. 2022, 15, 1249–1260. [Google Scholar] [CrossRef] [PubMed]

	



Enriquez, K.D.; Gupta, A.R.; Hoffman, E.J. Signaling Pathways and Sex Differential Processes in Autism Spectrum Disorder. Front. Psychiatry 2021, 12, 716673. [Google Scholar] [CrossRef] [PubMed]

	



Bransfield, R.C.; Wulfman, J.S.; Harvey, W.T.; Usman, A.I. The association between tick-borne infections, Lyme borreliosis and autism spectrum disorders. Med. Hypotheses 2008, 70, 967–974. [Google Scholar] [CrossRef]

	



Wang, L.; Tang, S.; Wu, S.; Yao, L.; Su, D.; Wang, Y. Maternal Exposure to Pesticides and Risk of Autism Spectrum Disorders in Offspring: A Meta-analysis. J. Autism Dev. Disord. 2021, 52, 1640–1651. [Google Scholar] [CrossRef]

	



Baranova, A.; Wang, J.; Cao, H.; Chen, J.H.; Chen, J.; Chen, M.; Ni, S.; Xu, X.; Ke, X.; Xie, S.; et al. Shared genetics between autism spectrum disorder and atten-tion-deficit/hyperactivity disorder and their association with extraversion. Psychiatry Res. 2022, 314, 114679. [Google Scholar] [CrossRef]

	



Mpoulimari, I.; Zintzaras, E. Synthesis of genetic association studies on autism spectrum disorders using a genetic model-free approach. Psychiatr. Genet. 2022, 32, 91–104. [Google Scholar] [CrossRef]

	



Mpoulimari, I.; Zintzaras, E. Identification of Chromosomal Regions Linked to Autism-Spectrum Disorders: A Meta-Analysis of Genome-Wide Linkage Scans. Genet. Test. Mol. Biomark. 2022, 26, 59–69. [Google Scholar] [CrossRef]

	



Al-Gadani, Y.; El-Ansary, A.; Attas, O.; Al-Ayadhi, L. Metabolic biomarkers related to oxidative stress and antioxidant status in Saudi autistic children. Clin. Biochem. 2009, 42, 1032–1040. [Google Scholar] [CrossRef]

	



Manivasagam, T.; Arunadevi, S.; Essa, M.M.; SaravanaBabu, C.; Borah, A.; Thenmozhi, A.J.; Qoronfleh, M.W. Role of Oxidative Stress and An-tioxidants in Autism. Adv. Neurobiol. 2020, 24, 193–206. [Google Scholar]

	



Faraone, S.V.; Banaschewski, T.; Coghill, D.; Zheng, Y.; Biederman, J.; Bellgrove, M.A.; Newcorn, J.H.; Gignac, M.; Al Saud, N.M.; Manor, I.; et al. The World Federation of ADHD Inter-national Consensus Statement: 208 Evidence-based conclusions about the disorder. Neurosci. Biobehav. Rev. 2021, 128, 789–818. [Google Scholar] [CrossRef]

	



Sarovic, D. A Unifying Theory for Autism: The Pathogenetic Triad as a Theoretical Framework. Front. Psychiatry 2021, 12, 767075. [Google Scholar] [CrossRef]

	



Gabriele, S.; Sacco, R.; Persico, A.M. Blood serotonin levels in autism spectrum disorder: A systematic review and meta-analysis. Eur. Neuropsychopharmacol. 2014, 24, 919–929. [Google Scholar] [CrossRef]

	



McPartland, J.C. Considerations in biomarker development for neurodevelopmental disorders. Curr. Opin. Neurol. 2016, 29, 118–122. [Google Scholar] [CrossRef]

	



Zheng, Z.; Zheng, P.; Zou, X. Peripheral Blood S100B Levels in Autism Spectrum Disorder: A Systematic Review and Me-ta-Analysis. J. Autism Dev. Disord. 2021, 51, 2569–2577. [Google Scholar] [CrossRef]

	



Arenella, M.; Cadby, G.; De Witte, W.; Jones, R.M.; Whitehouse, A.J.; Moses, E.K.; Fornito, A.; Bellgrove, M.A.; Hawi, Z.; Johnson, B.; et al. sj-pdf-1-aut-10.1177_13623613211019547—Supplemental material for Potential role for immune-related genes in autism spectrum disorders: Evidence from genome-wide association meta-analysis of autistic traits. SAGE J. 2021. [Google Scholar] [CrossRef]

	



Palmieri, L.; Persico, A.M. Mitochondrial dysfunction in autism spectrum disorders: Cause or effect? Biochim. Biophys. Acta 2010, 1797, 1130–1137. [Google Scholar] [CrossRef]

	



Andreo-Martínez, P.; Rubio-Aparicio, M.; Sánchez-Meca, J.; Veas, A.; Martínez-González, A.E. A Meta-analysis of Gut Microbiota in Children with Autism. J. Autism Dev. Disord. 2021, 52, 1374–1387. [Google Scholar] [CrossRef]

	



Prosperi, M.; Santocchi, E.; Guiducci, L.; Frinzi, J.; Morales, M.A.; Tancredi, R.; Muratori, F.; Calderoni, S. Interventions on Microbiota: Where Do We Stand on a Gut–Brain Link in Autism? A Systematic Review. Nutrients 2022, 14, 462. [Google Scholar] [CrossRef]

	



Kim, J.Y.; Choi, M.J.; Ha, S.; Hwang, J.; Koyanagi, A.; Dragioti, E.; Radua, J.; Smith, L.; Jacob, L.; de Pablo, G.S.; et al. Association between autism spectrum disorder and inflam-matory bowel disease: A systematic review and meta-analysis. Autism Res. 2022, 15, 340–352. [Google Scholar] [CrossRef] [PubMed]

	



Sigra, S.; Hesselmark, E.; Bejerot, S. Treatment of PANDAS and PANS: A systematic review. Neurosci. Biobehav. Rev. 2018, 86, 51–65. [Google Scholar] [CrossRef] [PubMed]

	



Zambrelli, E.; Lividini, A.; Spadavecchia, S.; Turner, K.; Canevini, M.P. Effects of Supplementation with Antioxidant Agents on Sleep in Autism Spectrum Disorder: A Review. Front. Psychiatry 2021, 12, 689277. [Google Scholar] [CrossRef] [PubMed]

	



Pangrazzi, L.; Balasco, L.; Bozzi, Y. Natural Antioxidants: A Novel Therapeutic Approach to Autism Spectrum Disorders? An-tioxidants 2020, 9, 1186. [Google Scholar] [CrossRef]

	



Datko, M.; Pineda, J.A.; Müller, R. Positive effects of neurofeedback on autism symptoms correlate with brain activation during imitation and observation. Eur. J. Neurosci. 2017, 47, 579–591. [Google Scholar] [CrossRef]

	



Deisseroth, C.A.; Lerma, V.C.; Magyar, C.L.; Pfliger, J.M.; Nayak, A.; Bliss, N.D.; LeMaire, A.W.; Narayanan, V.; Balak, C.; Zanni, G.; et al. An Integrated Phenotypic and Genotypic Ap-proach Reveals a High-Risk Subtype Association for EBF3 Missense Variants Affecting the Zinc Finger Domain. Ann. Neurol. 2022, 92, 138–153. [Google Scholar] [CrossRef]

	



Moerkerke, M.; Peeters, M.; de Vries, L.; Daniels, N.; Steyaert, J.; Alaerts, K.; Boets, B. Endogenous Oxytocin Levels in Autism—A Meta-Analysis. Brain Sci. 2021, 11, 1545. [Google Scholar] [CrossRef]

	



Colizzi, M.; Bortoletto, R.; Costa, R.; Bhattacharyya, S.; Balestrieri, M. The Autism–Psychosis Continuum Conundrum: Exploring the Role of the Endocannabinoid System. Int. J. Environ. Res. Public Health 2022, 19, 5616. [Google Scholar] [CrossRef]

	



Kim, J.Y.; Son, M.J.; Son, C.Y.; Radua, J.; Eisenhut, M.; Gressier, F.; Koyanagi, A.; Carvalho, A.F.; Stubbs, B.; Solmi, M.; et al. Environmental risk factors and biomarkers for autism spectrum disorder: An umbrella review of the evidence. Lancet Psychiatry 2019, 6, 590–600. [Google Scholar] [CrossRef]

	



Lord, C.; Brugha, T.S.; Charman, T.; Cusack, J.; Dumas, G.; Frazier, T.; Jones, E.J.H.; Jones, R.M.; Pickles, A.; State, M.W.; et al. Autism spectrum disorder. Nat. Rev. Dis. Prim. 2020, 6, 5. [Google Scholar] [CrossRef]

	



Amer, Y.S.; Alenezi, S.; Bashiri, F.A.; Alawami, A.H.; Alhazmi, A.S.; Aladamawi, S.A.; Alnemary, F.; Alqahtani, Y.; Buraik, M.W.; AlSuwailem, S.S.; et al. AGREEing on Clinical Practice Guidelines for Autism Spectrum Disorders in Children: A Systematic Review and Quality Assessment. Children 2022, 9, 1050. [Google Scholar] [CrossRef]

	



Sadoyu, S.; Tanni, K.A.; Punrum, N.; Paengtrai, S.; Kategaew, W.; Promchit, N.; Lai, N.M.; Thakkinstian, A.; Ngorsuraches, S.; Bangpan, M.; et al. Methodological approaches for assessing cer-tainty of the evidence in umbrella reviews: A scoping review. PLoS ONE 2022, 17, e0269009. [Google Scholar] [CrossRef]

	



Aromataris, E.; Fernandez, R.; Godfrey, C.M.; Holly, C.; Khalil, H.; Tungpunkom, P. Summarizing systematic reviews: Methodological development, conduct and reporting of an umbrella review approach. Int. J. Evid.-Based Healthc. 2015, 13, 132–140. [Google Scholar] [CrossRef]

	



Catallo, C.; Chung-Lee, L. How Has COVID-19 Changed the Way We Do Virtual Care? A Scoping Review Protocol. Healthcare 2022, 10, 1847. [Google Scholar] [CrossRef]

	



Whiting, P.; Savović, J.; Higgins, J.P.T.; Caldwell, D.M.; Reeves, B.C.; Shea, B.; Davies, P.; Kleijnen, J.; Churchill, R.; ROBIS group. ROBIS: A new tool to assess risk of bias in systematic reviews was developed. J. Clin. Epidemiol. 2016, 69, 225–234. [Google Scholar] [CrossRef]

	



Gradepro. GRADEpro GDT: GRADEpro Guideline Development Tool [Software]: McMaster University and Evidence Prime. 2022. Available online: Gradepro.org (accessed on 18 October 2022).

	



The PLoS Medicine Editors. Best practice in systematic reviews: The importance of protocols and registration. PLoS Med. 2011, 8, e1001009. [Google Scholar]

	



Lindekilde, N.; Nefs, G.; Henriksen, J.E.; Lasgaard, M.; Schram, M.; Rubin, K.; Rutters, F.; Kivimaki, M.; Pouwer, F. Psychiatric disorders as risk factors for the de-velopment of type 2 diabetes mellitus: An umbrella review protocol. BMJ Open 2019, 9, e024981. [Google Scholar] [CrossRef]

	



Garakani, A.; Freire, R.C.; Buono, F.D.; Thom, R.P.; Larkin, K.; Funaro, M.C.; Salehi, M.; Perez-Rodriguez, M.M. An umbrella review on the use of antipsychotics in anxiety disorders: A registered report protocol. PLoS ONE 2022, 17, e0269772. [Google Scholar] [CrossRef]








[image: Healthcare 10 02200 g001 550] 





Figure 1. Picture chart of the protocol for the umbrella review steps. Created at 2022 Biorender, online software, Toronto, Canada. 
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Figure 2. PRISMA flowchart for up-to-date results. 
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Figure 3. ASD aetiology categories and perspectives about IN-tegrative therapeutic approach need. steps. Created at 2022 Biorender, online software, Toronto, Canada. 
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Table 1. PICOT approach.
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PICOT Research Question and Searching Keywords Analysis for ASD Aetiology as a Systemic Disorder






	
Population

	
Autistic:

Children

Adults

Animal models

Postmortem people

In vitro: Cell and bacteria cultures




	
Issue addressed

	
Aetiology

Etiology

Causes

Risks

Biomarkers

Pathological mechanisms

Pathogenesis

Pathophysiology

Factors




	
Conditions

	
n/a




	
Outputs

	
Nº of eligible studies for each

etiological category:

1. Genetic

2. Organic

3. Epigenetic

4. Psychogenic

5. Environmental

Qualitative GRADE/ROBIS tables:

(a) Evidence profile

(b) Summary of findings

(c) Evidence to decision framework

(d) Interactive summary of findings (available only at GRADEpro GTD website)




	
Timeframe

	
Meta-analysis and Systematic Reviews published between 2020–2022
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Table 2. Example of Summary of Findings (using GRADE). Population: ASD Issue: aetiology Outputs: Nº and rating of studies in each category T: last three years published papers (2020, 2021, 2022).
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	Outcomes (Causes)
	Population
	Nº of Studies
	Nº of

Participants
	Quality of the Evidence

GRADE
	Comments
	Results/Findings





	Genetic
	Animal models:

Rats, fish, and frogs
	389
	10,890
	high

 [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i002]
	
	Past 10 years of remarkable progress in ASD risk gene discovery

Pathway mechanisms involving these genes identification

Regulation of gene expression



	Epigenetic
	Animal models:

rodents
	…
	…
	moderate

 [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i002] [image: Healthcare 10 02200 i002]
	
	Estrogens in vivo animal models modulate high levels of testosterone and ASD behaviour decreases the correlation



	Organic
	Human beings:

Children 3–9

Adults > 19

Postmortem studies (cadaverines).
	…
	…
	Low

 [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i002] [image: Healthcare 10 02200 i002] [image: Healthcare 10 02200 i002]
	
	Insights into biological processes disrupted in ASD



	Psychogenic
	…
	…
	…
	moderate

 [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i001] [image: Healthcare 10 02200 i002] [image: Healthcare 10 02200 i002]
	
	Synaptogenesis

Excitatory-inhibitory imbalance



	Environmental
	…
	…
	…
	
	
	







Important Note: data on this table is merely an example, not real or confirmed findings.
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